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TWO  NEW  RECORD-BREAKING  OFFICE 
BUILDINGS  IN  NEW  YORK  CITY 

THE  SINGER  TOWER  AND  THE  CITY  INVESTING  BUILDING 

flLIORTLT  GONDBNBBD  FROM  "SSOimiBItlMO  KBWS" 


There  lias  rarely  been  a  period  of  more  thau 

a  lew  months  In  Uie  last  decade  when  the 
"largvst  offloe  building"  was  not  In  process  of 
construction  In  New  York  City.  So  rapidly 
has  the  erection  ot  these  Immense  skyscrapers 
proKretsed  that  the  Interest  la  the  latest  one 
has  usjually  not  been  more  than  a  matter  of 
passing  moment  or  an  object  of  interest  to  the 
•Ul^tseeiDK  tovrlst. 

At  present,  however,  there  are  four  rorord- 
breaking  buildings  under  construction  In  New 
York  GItf,  the  Metropolitan  Life  tower,  the 
Church  Street  Terminals,  the  Singer  tower  aiul 
the  City  Investing  Building.  The  first  of  these 
win  have  the  highest  tower  in  the  world,  ex- 
cept the  Eiffel  Tower;  the  second  will  have 
the  largest  floor  area  ever  found  In  an  office 
bunding;  the  third,  tbe  Singer  tower,  while  a 
few  feet  lower  than  the  Metropolitan  Life 
Tower,  will  be  finished  some  months  before  the 
latter  and  therefore  for  a  diort  time  will  hold 

tho  rei  nrd  for  height  and  the  City  Investing 

Building  will  be  the  tallest  building  which  car- 
ries the  major  portion  of  Its  area  to  Its  maxi- 
mum height. 

The  half-tone  reproduced  in  the  accompa* 
nytng  Illustration  Is  from  a  photograph  taken 

on  Nov.  S,  1907,  from  the  oflfices  of  Engineer- 
ing News  on  the  19  th  floor  of  the  St.  Paul 
Building,  aboat  200  ft.  from  the  ground.  The 
view  is  down  Broadway  and  shows  in  ths  fore- 
ground, first  the  32-8tory  City  Investing  Build- 
fug  at  this  time  about  25  stories  blgb,  and  be> 


hind  it  the  41-Btory  tower  of  the  Singer  Build- 
ing, practically  completed.  These  two  build- 
ings, whldi  win  be  finished  about  the  same 
time,  cover  most  of  the  block  enclosed  by 
Broadway,  Liberty  street,  Cortlandt  street  and 
Trinity  Place.   They  are  being  built  by  sepap 

rate   companies   under   separate   contracts  to 

dilferent  firms,  and  although  they  are  not 
alike  In  any  of  the  details  of  their  construe* 

lion,  their  eimiiltaneous  erection  on  adjoining 
lots  and  the  magnitude  of  the  operations  in- 
Tolved  In  their  eonstruetlon,  lenda  to  them  a 
companion  Interest.  For  this  reason  We  have 
treated  the  two  in  this  one  article. 

8INQBR  BUILDING. 
The  new  Singer  Building  is  a  combination 
of  two  old  steel  frame  buildings  on  the  comer 
of  Broadway  and  Liberty  8t  with  an  adjoining 
new  structure  fronting  on  Broadway  and  ox- 
tending  back  to  the  same  depth  as  the  two  old 
lots.  The  old  buildings,  orfglnally  11  stories, 
have  been  raised  to  l  l  stories  and  the  new 
structure  consists  principally  of  a  41-story 
tower  with  a  four  tier  lantern  which  rtoea  to 
a  total  height  of  G12  ft.  above  the  sidewalk, 
some  46  ft.  lower  than  the  Metropolitan  Llle 
tower  (see  page  114,  toI.  I.,  Technical  liter- 
ature) .  but  otherwise  the  highest  piece  of  con- 
struction on  this  side  of  the  ocean.  The  archi- 
tectural treatment  of  the  new  portion  haa  been 
made  to  harmonize  with  (he  old,  a  particularly 
ornate  design  with  a  red  facing  wall  trimmed 
with  white  stone  window  casings  and  cornices. 
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The  slender  square  lower,  with  Its  gracefully 
tapering  cupola  and  tall  lantern  lookout,  rla- 
Ing  Ux  abore  t]i«  mas*  of  hlsh  bulMlngB  of 

lower   Mnnhattan.   adds   a   striking  ItUkdflMrlt 
to  that  already  picturesque  skyline. 
There  1b  a  total  floor  space  in  the  biilldtii« 

of  fi'i  acres,  thore  I>eluf^  I'O.i'mO  t;q.  ft.  avail- 
able on  eacb  of  the  14  floors  of  the  main  por- 
tion and  S.SOO  aq.  ft.  on  each  of  the  tower 
floors,  hi  no  one  of  whU-li  are  there  any  In- 
side rooms.  There  are  four  elevators  rising 
to  the  fourteentti  floor  and  four  more  to  the 
35th  floor,  which  Is  the  last  floor  la  the  square 
section  of  the  tower.  Above  this  the  curved 
cupola  riaea  to  the  40th  floor,  at  which  point 
the  lantern  starts.  Th^re  arn  really  18  so- 
called  tiers  or  levels  of  horizontal  beams,  this 
laeladlttK  certain  messanlne  floors  and  the 
aniall  area  landings  In  the  lantern. 

The  entire  building  is  of  skeleton  steel  con- 
itractlon,  llraproofed  with  terra-cotta  tuins 
and  provided  with  terra-cotta  floor  systems 
surfaced  with  cement  The  columns  are 
founded  on  concrete  footings  «nnk  by  con)> 
pressed  air  calasons  some  !fO  ft.  below  street 
level  to  bed  rock.  Except  in  three  cases  these 
concrete  footlnga  are  arranged  so  as  to  eaah 

carry  a  pair  of  cohinnnB,  the  load  bt^lng  dis- 
tributed from  the  column  through  cast  steel 
baaes  to  a  single  T-beam  grillage,  made  np  In 

aomf  cases  of  I-heam.s  as  large  as  2  )  Ins. 

The  customary  practice  is  followed  by  plac- 
ing the  concrete  footing  and  I-beam  grillage  to 
that  the  differing  loads  on  the  two  columnH 
will  center  over  the  center  of  gravity  of  the 
footing.  In  two  of  the  three  cases  where  a 
single  colu  mu  bears  on  a  footiiiK,  small  circu- 
lar caissons  were  driven  and  In  none  of  these 
three  was  an  I>heani  grillage  nsed,  the  steel 

castings  resting  directly  on  the  cnncii  te 

The  structural  details  of  the  main  1  \  stories 
have  nothing  out  of  the  ordinary.  The  col- 
TinmB  are  >i)aced  uniformly  at  12  ft.  e,  to  c. 
connected  at  right  angles  by  I-beam  wall  and 
floor  heams.   The  comers  and  elevator  shafts 

arc  wind  brarrd  with  diagonals  as  !■  :  itie  l 
below,  but  there  is  no  horizontal  floor  or  wind 
bracing.  The  colanns  are  made  up  of  a  double 
channfl  section,  enlarged,  whore  needed,  by 
the  addition  of  flat  plates.  The  largest  col- 
umn consists  of  two  IB-ln.  channels,  four  SO  x 
Ti-ln.,  two  ?n  .  ^i-ln.,  right  14  y  "/..-In.  and 
two  12  X  V&-ln.  plates,  a  total  section  of  886 
sq.  Ins.  for  a  total  load  of  S.400.000  lbs.  These 

rnliimns  have  a  standard  length  of   1 :;   ft.  1 

ins.  between  floors.  The  outside  columns  stop 
at  the  SOth  floor,  above  which  outside  walls 
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are  carried  on  curved  double-channels;  the  in- 
side columns  still  continuing.  Above  the  40th 
floor  flie  lantern  constractlon  Is  carried  up 
with  light  angle  columns  to  a  smaller  cupola 
formed  with  curved  angle  columns.  A  ate^l 
ilag>pole,  shown  In  the  illustration,  passee 
through  the  hole  in  the  very  top  of  the  cu- 
pola and  is  anchored  In  a  socket  at  the  43d 
floor. 

The  wind  bracing  on  the  tower  is  of  ex- 
traordinary interest.  On  account  of  the  small 
seetlOB  of  this  tower  and  the  aeeeasltr  for  as 
much  window  space  as  possible  It  was  deemed 
inadvisable  to  cross-brace  the  entire  structure 
or  even  Its  entire  faces.  The  plan  of  the  tower 
is  divided  symmetrically  into  25  squares  each 
12  ft.  on  a  side,  by  columns  running  from 
foundation  to  the  beginning  of  the  cupola.  The 
tower  is  wind  braced  and  stiffened  by  treating 
each  one  of  the  corner  squares  as  a  separate 
tower  and  bracing  It  on  all  four  of  Ita  sides  by 
croE-^cd  diagonal  struts.  In  addition  the  three 
dosed  sides  of  the  elevator  shafts  are  treated 
la  a  ctmllar  manner. 

The  exter!;  r  1  racing  Is  arranged  dilferentlr 
on  account  of  the  necessity  tor  openings.  This 
consists  of  a  long  and  a  abort  panel,  each  erosa* 
bra' pri  nnd  with  the  horizontal  members  com- 
ing between  floors.  The  windows  then  occur 
In  the  openings  of  tho  large  paaaito.  The  brae- 
ing  throughout  consistR  of  double  crossed 
channel  beams,  with  their  flanges  facing  in 
the  same  direction,  one  of  each  set  being  cut 
and  passing  the  other  with  a  riveted  plate. 
Above  the  36th  story  no  wind  bracing  was 
pvwldad* 

In  designing  the  wind  bracing  In  this  man- 
ner, that  is,  in  assuming  eacb  of  tbese  small 
IS  X  IS-ft.  towers  to  he  Independently  capable 
of  fasting  wind  stresses,  a  theoretical  uplift  1:^ 
exerted  on  each  of  the  bases  of  the  columns 
at  the  comers  of  the  bnoed  towara.  To  pro- 
vide for  this  1  rllft  ri  f  se  columns  were  an- 
chored Into  the  concrete  caissons  on  which 
th«y  rest.  All  of  the  outside  columns  etxvt 
an  extra  dead  load  due  to  the  weight  or  the 
brick  walls  largely  exceeding  the  uplift  from 
the  wind  and  therefore  no  anchors  were  pro- 
vided for  them. 

Eacb  anchorage  consists  of  a  small  angle- 
Iron  grillage  embedded  In  eadi  one  of  the 

caissons  as  It  %\as  built  and  in  su(  h  a  position 

that  when  the  caisson  reached  its  bearing  the 
grillage  would  be  at  approximatoly  «d  eleva- 
tion CO  ft.  below  datum.  To  this  grillage  there 
were  fastened  flat  plates  increasing  in  number 
and  In  alt*  aa  fbay  neared  the  top  of  tha  eon* 
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THE  SINGER  AND  CITY  INVEgTING  BUILDINGS  IN  COURSE   OF  CONSTRUCTION. 
(View  taken  from  the  Itlth  floor  of  the  St.  Paut  Building,  looking  down  Broadway.  Nov.  8.  1007.) 


Crete  and  connected  with  pins.  OrlKinally  it 
was  intended  that  these  connectint;  bars  should 
be  round  rods,  but  owing  to  delays  in  manu- 
facture these  flats  were  substituted. 

As  the  caissons  do  not  always  sink  in  a 


straight  plumb  line,  cast  rocker-saddles  were 
provided  to  be  put  iu  about  20  ft.  below  datum 
by  means  of  which  the  anchors  above  could  be 
adjusted  into  a  plumb  line. 

From  these  rockers  the  anchor  is  made  of 


Google 


4 


THE  ENGINEERING  DIGEST 


two  round  rods  Z%  Ibb.  la  diameter  In  four 
of  tlie  colun^nt  ^uid  4  H  ins.  In  diameter  in 
the  other  anciiorages.  Tbese  rods  pas«  by  the 
grlltage  tietween  the  I-beama  an4  oatslda  the 
rast-stoel  baiea  up  to  a  aaddlo  rivoted  to  the 
columa. 

This  saddle  consMa  of  a  block,  Bpannlag 

flit;  heavily  plated  ribs  which  are  riveted  up 
the  column  for  a  distance  of  from  three  to 
five  feet,  Torylaf  on  tho  different  anehoragee. 
These  saddle  blocks  are  notched  on  both  sides 
bu  as  to  engage  with  similar  lugs  on  the  ribs 
and  thus  make  a  firm,  ImuMmible  hearing. 

In  those  columns,  where  the  span  blocks 
have  hut  two  vertical  ribs,  a  lower  lug  or  pro- 
jection is  provided  to  glTe  addltfOMd  vtrength. 
The  anchor  rods  pass  through  these  blocks  and 
are  fastened  thereto  with  nuts  and  washers 
which  are  easily  aocegrible  and  can  be  tnopeeted 
and  tightened  at  any  time. 

Up  to  the  present,  when  the  entire  steel 
work  to  finished  and  the  brick  faeo  walls  up 
to  within  a  few  stories  of  the  top,  this  system 
pC  wind  bracing  has  proved  remarkably  effi- 
cient: the  tower  is  one  of  the  stfffeet  stoel 
structures  In  Xcw  York  City. 

The  steel  construction  is  in  many  ways  pe- 
culiar, partleularly  in  the  treatment  of  tho 
wind  stre?spf!.  There  has  never  been  an  ex- 
actly similar  solution  of  the  problem,  although 
It  Is  true  that  there  hai  ncTer  been  predioly 
this  same  problem  of  a  very  high  and  elemder 
steel  tower  used  for  office  purposes. 

Throui^out  the  work  it  ie  evidoit  ttiat  It  ii 
an  nrrhltect's  dr^ji^n  in  which  structural  de- 
tail has  been  suLordiuaied  to  architectural  con- 
alderatlons  Tbie  Is  noticeable  to  tho  trumpet 
arch  ronstrnrtinn  at  the  S'lth  floor  just  below 
the  bay  windows  of  the  upper  cupola.  This 
has  the  appearance  of  a  stone  arch  capable  In 
itself  of  finptalninp  Its  own  thrnrt  but  In  real- 
ity the  overhang  was  so  great  that  the  con- 
sulting structural  engtBeers  required  a  sMtos 
of  (anfilevered  beams  to  be  built  out  above 
the  arch  and  uach  voussoir  to  be  hung  from  a 
beam  by  rods  wedged  into  dog  holes  cut  in  the 
upper  fare  of  the  stone.  As  the  ,T>^'itment  of 
this  heiivy  arch  was  originally  only  an  IS-in. 
stone,  the  design  was,  at  least,  bold. 

The  Finger  Building  Ip  being  erected  by  the 
Singer  Manufacturing  Co.  The  architect  is 
Mr.  Ernest  Flagg,  to  whom  is  due  the  entire 
design  and  superv'lslon  of  the  structure. 
Messrs.  Boiler  and  Hudge  are  consulting  engi- 
neers on  the  structural  work.  The  Foundation 
C<y  of  .\nuTlra  luid  th^e  ftmndatlon  rnntrnrt 
and  .Miiiiken  Bros,  the  Btructural  steel  work. 


CITY  INVBSTINO  BUILDINO. 

This  building  occupies  the  entire  frontago 
of  the  south  side  of  Cortlandt  St.,  between 
Broadway  and  Trinity  Plaee,  but  owing  to  dtf> 

ficultles  In  obtaining  the  corner  property  at 
Broadway  and  also  to  the  architectural  treat- 
ment  of  tho  light  tOuMt,  which  are  rseesses  to 

the  front  of  the  building  Instead  of  the  usual 
Interior  shafts,  the  plan  of  the  building  i» 
singularly  Irregular.   Tho  main  building  rtoea 

to  a  height  of  25  stories,  capped  on  the  nar- 
row Broadway  front  by  a  small  tower,  aoil 
that  portion  between  tho  Cortlandt  St.  wlnga 

reaches,  for  a  section  about  70  ft.  SQuare,  to 
a  height  of  32  stories,  the  last  three  stories  of 
which  are  is  a  sloping  gable,  rising  about  iOO 

ft.  above  tho  street.  It  Is  of  the  usual  steel 
construction,  faced  with  white  stone  for  th«» 
first  Six  stories  and  above  that  with  white 
brick  and  terra-cotta  trimmings.  The  most 
striking  architectural  feature  of  the  building 
is  a  three-story  arcade  which  extends  from  tho 
Broadway  front  clear  through  the  building  to 
Trinity  Place.  This  arcade  opens  into  Broad- 
way in  a  magnificent  arched  portal,  the  artls* 
tic  treatment  of  which  makes  It  one  of  the 
finest  entrances  ever  placed  in  a  building  of 
this  sorL 

Owing  tn  ♦he  proximity  of  exlstlne'  bnlldlnci* 
and  to  the  simultaneous  erection  of  the  ao- 
joining  Singer  Building,  some  portions  of  tho 
old  parts  of  which  had  to  be  underpinned, 
considerable  difficulty  was  experienced  in  lay- 
ing tho  foundatlona.  Tho  column  footing* 
were  all  carried  down  from  the  basement  level, 
about  30  ft.  below  the  street,  to  a  few  feet 
below  hard  pan,  by  the  use  of  compressed  air 
caissons  filled  with  concrete.  Each  of  the  In- 
terior columns  foots  on  a  single  square  con- 
crete base  for  which  small  ealsaoas  wore  used. 
As  the  wall  columns  rested  on  grillages  which 
cantllevered  over  from  adjacent  footings,  these 
latter  were  mu«h  larger  and  rectangular  la 
shape.  The  steel  bases  and  cantilever  girders 
which  carry  the  columns  are  described  below. 

The  structural  features  of  the  building  do 
not  vary  from  ordinary  practice  In  rosny  In- 
stances. Some  of  the  details  which  are  unique 
or  worthy  of  description  on  account  of  their 
magnitude  are  noted  below.  In  general  tho 
structure  consists  of  columns  spaced  about  2t 
ft.  c.  to  c,  connected  in  the  walls  and  In  tho 
main  glrdrrp  by  floor  girders  of  twin  I-beams 
which  in  turn  are  connected  by  single  floor 
beams  of  I  section.  The  first  two  floora  wr* 
each  22  ft.  high  and  above  that  the  floor  spao* 
Ing  is  14  ft.    All  the  plan  layout  is  rectangu* 
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lar  with  tbe  ezc«ptloa  ot  the  peculiar  radial 
beams  at  ibe  etevator  abaft  aod  the  eormn 

of  the  Cortlandt  St.  wings.  The  special  points 
4)1  iatereat  ia  the  deaiga  are  the  heavy  founda« 
(Ion  bearinf-glrdera,  the  ca8t-«t«el  ahoee,  the 
bracing  over  the  arcade,  tho  wind-bracing  aud 
the  eolumna;  the  latter  on  account  ot  the  re- 
awakened tntereat  In  large  cohinins  etnoe  the 
fall  of  the  Quebec  Bridge. 

The  immense  girders  on  which  the  outside 
«olamm  rest  are  founded  on  I-benm  grillages 
set  in  the  concrete  of  the  oaisson-fllled  foot- 
ings. A  cantUevered  column  bearing  Is  used 
«t  the  Inside  tec*  of  the  bnlldlng  where  the 
adjoining  foundations  of  the  Singer  Bllllding 
prohibited  the  sinking  of  caiasona. 

These  girders  are  made  ap  of  three  beavr 
plate  glrder.s,  Hi  Ins.  deep  with  flnnges  of  8  x 
8-i.n.  angles  and  two  7&-ln.  plates  and  a  web 
of  one  %-in.  and  two  */„i4n.  plates.  They  are 
"heavily  stiffened  under  the  columns  with  6  x 
3V&-in.  angles.  The  girders  are  bedded  in  ce- 
ment grout  on  the  I*beams.  The  colvmiui  rest 
on  steel  castings  resting  in  turn  on  hot  pwtSfl 
plates  on  the  girder  upper  flanges. 

The  tooting  girders  at  the  BrMdwajr 
wing  under  the  arcade  are  the  largest 
footing  girders  used  in  the  building.  They 
are  made  np  of  three  plate  girders,  each  H 
las.  deep,  with  a  web  of  one  ^4-Iu.  and  two 
*/M-ln.  plates  and  flanges  of  8  x  8-ln.  angles 
with  three  1-ln.  cover  plates.  Their  general 
details  are  similar  to  the  cantllevered  beams 
noted  above,  but  owing  to  the  two  columns  be- 
ing BO  eloee  together,  the  ends  of  the  girders 
are  provided  with  extra  heavy  stiffening. 

The  interior  columns  are  founded  on  single 
grillages,  made  up  of  one  or  two  crossed  I- 
beams  carrying  a  cast  steel  shop  Thr  smaller 
of  these  shoes  were  caat  in  one  piece  as  Is  tho 
«Qatom«nr  praettee,  but  owing  to  the  danger  In 
casting  and  the  HablMty  of  shrlnkagr^  rrrxcks 
in  large  masses,  the  heavy  castings  were  made 
in  two  pieeae. 

These  latter  consist  of  two  separate  webbed 
caatings,  each  planed  on  both  horizontal  faces 
and  bolted  together  so  that  the  genemi  pyra* 
mlinl  shape  will  spread  the  stresses  to  the 
concrete  footings.  These  separated  castings 
liATe  giTeo  the  greatest  satisfaction,  there  has 
not  be^n  the  slightest  trouble  In  casting  and 
the  details  of  setting  and  moving  have  been 
greatly  slmpUiled  orer  the  methods  in  use  in 
slrollar  single  castings. 

On  account  of  the  arcade  through  the  build- 


ing, the  Broadway  wing  above  the  third  floor 
Is  carried  upon  plate  girders  spanning  the  ar- 
cade and  resting  on  extra  heavy  side  columns. 
The  side  columns,  founded  on  the  grillage,  are 
formed  of  two  regulation  section  columns,  act- 
ing as  one,  tied  together  beneath  the  first  floor 
by  a  lacing  and  from  the  flrst  to  the  third 
floor  by  a  diaphragm  plate.  The  third  floor, 
with  its  bearing  columns,  is  carried  upon  these 
side  double  columns  on  a  plate  girder  about 
32  ft.  long  and  87  ins.  deep,  made  up  of  flanges 
with  S  ■  s  in.  angles  and  two  ?i-ln.  plates 
and  of  two  Vi-in.  webs,  riveted  to  opposite 
Sides  of  each  flange  angle.  These  girders  are 
braced  together  by  a  he&vy  truss  made  up  Of 
I-beams  and  angles.  A  curved  bracket  tnilS* 
mlts  the  reaction  Into  the  columns. 

The  wind  stresses  are  taken  up  by  an  In- 
creased rigidity  of  the  rectangular  connection 
between  the  wall  columns  and  beams.  Hist 
18.  thR  inside  half  of  the  flanges  of  each  twin 
I-beam  is  cut  away  where  the  beams  cross  a 
wall  column  and  the  web  of  the  beams  riveted, 
with  as  many  rivets  as  the  area  will  take,  to 
the  vertical  side  plates  ot  the  column.  Hori- 
tontftl  stiffening  plates  are  then  riveted  to  the 
remaining  half  of  the  floor  leam  flange  to 
make  up  for  the  material  removed.  This  makes 
a  remarkably  stiff  connection  capable  In  Itself, 
without  the  use  of  any  other  diagonal  or  knee 
bracing  to  take  up  wind  stresses.  This  method 
has  been  prerlousty  used  by  the  consulting  en- 
gineers on  the  Trinity  Building  with  great 
success  in  stiffening  the  structure.  The  largest 
section  of  one  of  the  typical  heavy  columns 
used  from  the  sub-basement  to  the  32d  floor, 
is  that  at  the  sub-basement;  It  has  a  maximum 
area  of  25S.4I  sq.  Ins.  to  carry  a  lead  of  l.Tlt 

tons.    Tu  the  design  of  this  column,  wherever 

a  change  in  section  occurs,  the  superposed  col- 
umn always  has  at  least  Its  own  full  area  to 

bear  upon;  that  Is,  the  taper  Is  on  the  outside 
and  only  in  a  few  instances  does  the  section 
span  an  opening  In  the  one  next  below  it.  The 
building  Is  being  erected,  at  an  estimated  cost 
of  110.000.000.  by  the  City  Investing  Co.  of 
New  Tork.  The  architect  Is  Mr.  Francis  R. 
Kimball,  the  consulting  structural  engineers 
Messrs.  Wetskopf  &  Stern,  and  the  general 
contractors  tiie  Hedden  Constmetlon  Co.  Th% 
OTJourke  ■Englrteerlng  '"''•nr* ruction  Co.  put  In 
the  foundations  and  the  steel  work  la  being 
erected  by  Messrs.  Post  4b  HcCord.  The  butld- 
Ing  is  expected  to  be  ready  for  occupancy  hr 
May.  1908. 
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CONTROL  OF  INTERNAL  COMBUSTION  IN 

GAS  ENGINES' 

By  PROFESSOR  CHARLES  EDWARD  LUCKE 


One  of  the  primary  prcrpqulsites  for  close 
engine  control  or  regulation,  b«  Ibat  engine 
a  steam  6ttgin«,  a  gas  eagliia  or  aor  other  kind 

of  motor,  is  absolute  constancy  of  cyclic  effort 
with  a  Uxed  position  ot  the  controlling  mech- 
anism.  Tbo  pnMnptnsas  with  ivhldi  a  chanco 

of  effnrt  will  follow  a  change  of  setting  of  thf« 
govtiiuiug  ur  regulating  gear  depends  among 
other  things  upon  the  cycle  of  operatloiis  to  be 
carried  out  In  the  cylinder,  and,  in  the  case  of 
gas  eugiuea,  the  cycle  is  such  that  much  time 
nay  elapse  between  a  gorenrar  movement  and 
the  ooatrolIlDg  effect  desired.  This  has  been 
clearly  pointed  out  In  many  papers  and  as  or- 
dinarily called  "cyclic  Inllamce"  it  is  well 
understood. 

It  Is  the  object  of  tbia  paper  to  examine  into 
the  conditions  under  which  constancy  of  effort 
may  or  may  not  be  obtained  with  constancy 
of  setting  of  the  governor  and  valve  gear.  It 
is  possible  In  gas  engines  to  get  many  different 
indicator  cards  at  apparently  constant  external 
load,  the  differences  Indicating  differences  of 
effort  and  in  most  gas  engines,  even  with  the 
mef  hanit.ni  for  controlUng  the  engine  flxcrt  in 
position,  the  tiame  variation  of  indicated  eftecl 
may  be  observed.  The  differencse  which  will 
appear  on  tlnf  InJiiatdr  card  for  apparfntly 
identical  coudiiiuu^  are  out  differences  in  cum- 
pr«.ssion,  suction  or  exhaust  lines,  but  almost 
eutii<-!v  (liUCn  luos  of  comtnistion  and  expan- 
sion liut'b,  ur  us  the  expuuslun  line  position  is 
fixed  by  the  combustion  line,  it  may  be  said 
that  the  dlireren<es  nre  due  entirely  to  varia- 
ilous  in  conibusliuu  lines. 

It  would  appear,  therefore,  that  because 
couiliust idii  litus  in  gHB  engines  are  not  iden- 
tical i:ur  apparently  Identical  conditions  of  the 
mecbsnism  that  we  hSTO  tailed  to  control  this 
combustion  In  a  manner  required  by  everyday 
practice  in  the  use  and  application  of  gas  en- 
gines. Whether,  however,  this  failure  is  due 
to  Ignorance  on  the  part  of  liesicmers.  or 
whether  the  end  sought  is  in  opposition  to  nat- 
ural phenomena,  wltl  not  appear  without 
analysis. 


•F'.'Miii    1.  ;;aper  prMonted  »t  th*  New  York  MM'tlng 

i December,  190T)  of  Tb«  AinericiiD  Society  of  H«chaiitc«l 
insiiiMn. 


An  examination  of  the  indicator  cards  hero 
presented  and  many  others  ot  a  similar  kind 
that  every  gas  eagUie  ezperlmoiter  haa  found 
at  some  time  or  other  will  indicate  that  the 
variations  in  the  combustion  line  are  prin- 
cipally of  three  sorts,. running  one  Into  the 
other;  first,  there  may  be  too  early  a  begin- 
ning of  the  combustion  line  or  prelgnitiou, 
whUft  eomes  and  goes  sometimes  tn  the  most 
puzzling  fashion,  but  which  at  other  times  can 
be  traced  to  a  removable  cause  and  elimin- 
ated; secondly,  with  an  absolute  .constant  Ig- 
nition and  smooth  Un^  Bucoswtve  strokes  may 
Indicate  a  displacement  of  whole  or  part  of 
the  combustion  line.  This  Is  a  mixture  varia* 
tlon  effect.  Thirdly,  there  may  be  at  some 
time  violent  waves  or  even  mild  waves  differ- 
ing on  aueceaslve  strokes,  passing  away  and 
recurring  at  times,  and  at  other  time;?  per- 
sistently present.  This  is  the  phenomenon  of 
the  explosive  wave. 

MIXTURK  E^F^X'TS. 
A  variation  of  mixture  may  atlecc  the  com- 
bustlim  line  through  a  change  In  the  rate  ot 

propagation,  whiLh  results  from  changes  In 
mixture  proportion  considered  in  coujunctiou 
with  piston  speed.  A  slow  burning  mixture 
will  tend  to  give  a  flatter  combiistlou  line  with 
a  li.xtr'd  pistim  speed  tlian  a  fast  mixture.  Like- 
wise, a  iiiLtture  may  begin  to  burn  rapidly  and 

linish  slowlv,  .i;l\iim  surceedlng  comlnistloti 
liueij  which  coincide  in  part,  but  which  vary 
toward  the  end  where  the  combustion  line 
runs  into  the  expansion  lint-  from  the  dilution 
of  the  last  part  ot  the  charge  by  early  pro- 
duced neutral  gases.  Through  excessive  dllu^ 
tiou  of  some  part  of  the  mixture  in  the  cyl- 
inder, which  it  muKt  be  understood  is  probably 
not  homogeneous,  some  ot  the  gas  may  not 
hiirn  anil  on  sncceefllng  stroke?  the  dlffnslon 
may  be  more  or  less  complete  than  before,  al- 
lowing the  Incom^eteness  of  the  combustion 
to  vary  toward  the  end  of  the  process.  The 
actual  mixture  under  combustion  consists  not 
merely  ot  air  and  gas,  but  rather  air,  gas  and 
burnt  or  neutral  gases.  Any  variation  of  pro- 
portion of  the  (juantity  of  air,  ga.i  or  burnt 
gases  to  the  whole  that  may  occur  will  produce 
variations  in  combustion  lines,  but  variations 
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la  combuBtlon  lines  may  Just  as  well  occur 
vlien  the  proporUmu  of  totato  «r»  oonstant, 

througii  lack  of  bomogeiM»ttj  Of  th«  mixture 
on  successive  stroke*. 

Bxeludfns  tor  the  moment  a  considentlon 
of  neutral  products  the  problem  of  securing 
a  proper  proportion  of  sir  to  gas  in  tbe  cylin- 
der la  one  of  orifice  flow,  and  tlie  teilure  to 
secure  it  may  bo  analyzed  on  the  basis  of  the 
laws  covering  orifice  flow.  In  this  connection 
it  must  be  remembered  tliat  It  is  not  Tolurae 
i  rc  portions  that  are  most  Important,  but 
ratber  weight  proportions,  since  it  is  a  definite 
weight  of  air  that  is  required  to  bam  a  doBiitte 
weight  of  gas,  although  volume  proportional- 
ity will  follow  If  tbe  pressure  and  temperature 
of  both  the  afr  and  the  gas  are  ccmstaot  and 

thr  -anic,  which  unfortunately  is  seldom  true. 

Tbe  orifices  through  which  the  air  and  gas 
flow  separately  to  form  the  mixture  are  of  very 
peculiar  forms,  as  a  rule,  and  not  the  same 
either  in  size  or  form  so  that  the  laws  of  varia- 
tion of  proportion  are  rednelble  to  the  laws  of 
variation  In  the  weight  of  air  per  pound  of  gas 
flowing  through  separate  orifices  of  different 
form  and  else  at  i^bably  different  temperar 
tures  and  with  dUfereat  preaaure  drops  or 
pressure  heads. 

It  is  well  known  that  the  ooefflclent  of  efllttx 
for  the  flow  of  gases  through  orifices  varies 
with  the  size  of  opening,  shape  of  opening  and 
▼eloetty  of  ilow  or  pressore  head.  Air  enters 
the  engine  cylinder  under  the  Influence  of  a 
pressure  head  represented  by  the  cylinder 
vaeaum.  The  gas,  however,  has  a  pressure 
higher  than  atmosphere  if  pressure  gas 
and  lower  than  atmosphere  if  suction 
producer    gas.    so   that    while   the  head 

causing  the  flow  of  air  is  the  cylinder 
vacuum  alone,  tho  head  causing  the  flow  of 
gas  when  under  pressures  is  the  sum  of  the 
cylinder  vacuum  head  and  Its  own  prossuro 
head,  and  when  under  suction  is  the  difXercnce 
between  tbe  cylinder  Taeuum  and  the  gas  pipe 

vacuum.  Gas  pressures  are,  moreover,  never 
constant  in  practice  nor  will  any  of  tbe  gas 
pressure  regulators  proposed  and  used  make 
them  constant  nor  reduce  them  uniformly  to 
atmosphere  because  they  always  involve 
Inertia  effects  of  moving  solid  parts  and  of  tbe 
gas  Itself. 

With  a  fixed  opening  the  cylinder  vacuum 
bead  acting  on  the  orifices  is  a  variable  be- 
cause piston  speed  In  engines  varifs  from  zero 
to  a  maximum  and  back  to  zero  for  every  suc- 
tion stroke.   This  variable  vacuum  bead  with 


fixed  gas  pressure  head  either  positive  or  nega- 
tive causes  a  variation  In  tbe  ratio  of  the  total 

head  on  the  gas  orifice  to  the  total  head  on  the 
air  orifice  and  hence  has  the  effect  on  varying 
proportions  of  air  -to  gas  tbrou^oot  the 
stroke.  In  addition  to  this,  whenever  the  gas 
is  under  pressure,  and  the  opening  fixed,  the 
idle  engine  period,  that  is.  tbe  period  of  no 
suction,  allows  time  for  "h--"  pressure  gas  to 
flow  past  the  orifice  and  collect  in  the  air 
chamber,  whldi  .wouM  tend  to  make  the  mlx> 
turc  rich  la  gas  at  tho  bSi^BlBs  of  this  next 
stroke. 

Intermittenoe  of  flow  is  another  element 

which  enters  into  the  variation  of  proportion 
because  it  brings  into  play  the  inertia  of  the 
gas  and  the  inertia  of  the  atr.  A  stream  of 
air  or  gas  cannot  be  started  or  stopped  in- 
stantly, and  as  the  masses  to  be  moved  are 
not  the  same  the  Inertia  will  not  be  the  same 
for  tho  two,  and  one  will  tend  thereby  to  lead 
in  its  flow  over  the  other  one,  that  which  has 
the  smaller  mass  leading.  At  the  end  or  sue* 
tlou  that  which  has  the  greater  mass  will  con- 
tinue its  motion  for  the  longer  time. 

It  appears,  therefore,  to  be  an  extremely  dif- 
ficult proposition,  viewed  entirely  independent 
of  the  gas  engine,  to  secure  constant  weight 
proportl<m  between  two  gases  flowing  through 
two  orlflces  into  a  partial  vacuum  through 
openings  of  different  sizes  and  shape  under 
heads  compounded  of  tbe  vacuum  and  the  gas 
pressure  with  variable  rates  of  flow,  changes 
of  barometer,  gas  pressure  and  the  tempera- 
ture of  both  gases  and  it  is  not  surprising  that 
variations  occur,  l)ut  rather  more  surprising 
that  the  results  are  as  uniform  as  they  are. 
After  having  proportioned  the  air  and  tbe  gas. 
the  mechanism  delivers  it  Into  a  cylinder 
through  a  valve  to  an  irregular  head  or  clear- 
ance space  where  It  mixes  more  or  less  uni- 
formly with  tho  neutral  gases  there.  Thene 
residual  gases  may  have  the  same  composition 
'On  successive  strokes  or  may  not,  depeodliMp 
iiixiii  a  variety  of  circumstances,  some  unCOQ- 
trollable.  such  as  diffusion,  others  under  prac- 
tlcal  control,  such  as  point  of  Ignition  and 

liai  k  pri'.-^.sure.  It  is  to  be  distinctly  under- 
stood that  the  mixture  variations  which  occur 
in  a  hit-and-miss  governed  engine,  before  and 
after  misses  when  i!ie  combustion  chamber 
cou  talus  in  the  one  case  air  after  a  miss  and 
In  another  case  burnt  gases  after  an  explosion, 
are  excluded  from  this  discussion  and  only  th^ 
variations  which  occur  in  engines  operating 
un4er  steady  and  uniform  conditions  included. 
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EXPLOSIVE  WAVES. 
Tha  nwneH  Mdentlst,  Beithelot,  save  tluk 

name  "explosive  wave"  to  a  certain  phenom- 
enon observed  in  the  combustion  of  explosive 
mixtures,  vliieli  pli«noiii«Mm  vat  later  more 

fully  Investigated  by  Mallard  and  Le  Chatc!ter 
in  "Recherches  Experimentalea  et  Tbeorlques 
BUT  la  Combuatlon  dea  Halangee  Qaieuz  Ex- 

p!o?ir'^."'  and  In  rerpnt  vears  by  Dixon  and 
BradsUaw,  Crussard  and  many  ottiers,  which 
phanomaaon  may  easily  occur  and  doea  occur 
in  gas  engine  cylinders.  In  some  cases  It  Is 
posalble  to  define  tbe  conditions  whicii  will 
produce  it  and  tn  othar  caaaa  It  la  not.  Bs- 
amtning  the  mtt-  of  propagation  through  a 
tube  It  is  found  tiiai  at  ilmes  the  propagatiou 
la  uniform,  at  timee  mildly  undulatory,  indi- 
cated by  waves  of  small  Hinplltude,  and  at 
times  violently  unduiiiiuiv.  Indicated  by 
waves  of  great  amplitude  accompanied 
by  shock  and  soiind.  Tills  violent  !v 
undulatory  propagatiuu  haa  an  extremely  high 
rate  and  can  be  produced  whenever  there  la 
a  violent  agitation  of  the  mixture  abont  to  I)e 
iguited. 

One  sort  of  agitation  produelnff  thla  result 

and  in  use  by  early  exptrlmenters  was  a  small 
streau  of  the  mixture  impinging  Into  the  main 
mass.  An  apparently  different  agitation 
though  probably  identical,  studied  especially 
by  later  experimenters  is  a  pressure  wave  or 
compression  wave.  It  can  be  shown  tbat  tf 
combustion  he  started  in  a  tube,  closed  at  one 
end,  waves  may  i>et  up  so  violent  as  to  cause 
extinction  before  tbe  passage  through  the  tube 
Is  completed.  In  this  case  the  agitation  is  a 
result  of  a  compression  wave  produced  by  the 
comirattlon  Itself,  la  engine  cylinders  this 
same  sort  of  wave  may  exist.  The  motion  of 
the  piston  itself  during  compression  produces 
a  compression  wave  which  advances  before  it 
through  the  mixture  and  which  probably  re- 
flects and  superimposes  or  neutralizes,  as  acd- 
dant  may  dictate,  so  that  tha  aatira  man  la  la 
a  process  of  agitation  during  compression. 

Inflammation  started  in  such  a  mixture  agi- 
tated either  by  streams  of  gas  as  the  result  Of 
pockets  in  the  combustion  chamber  or  by  com- 
pression waves,  will  sometimes  be  very  violent, 
giving  a  true  explosh'e  wave,  but  may  not 
exist  at  all.  This  seems  to  indicate  that  the 
violent  momentary  pressures  of  the  explosive 

wav«  crMt  raault  onir*  wImii  advaiietaig  waves 

superimpose  one  on  anotliar  and  iyncbronlse 
with  tlieir  reflections. 

A  almple  experiment  tbat  can  ba  parfonnad 
b;  anyone  will  yield  exploalre  warea  of  tbia 


sort  on  any  gas  engine  If  between  the  indicator 
and  tha  angina  cylinder  there  be  connected  a 
pocket  with  a  small  throat,  which  may  be 
made  of  pipe  fittings.  An  engine  which  gives 
a  perfectly  amooth  eombuatlon  Una  without 
such  a  pocket  will  give  with  the  pocket  explos- 
ive waves  even  when  the  Ignition  la  quite  late. 
In  nearly  every  engine  theae  wavae  will  be  pro- 
duced when  the  Ignition  takes  place  before 
dead  center,  that  is,  during  the  time  when  the 
mass  is  agitated  by  compression  waTaa  ftam 

the  piston. 

These  pressure  waves  are  not  to  be  confused 
with  the  occasional  fluctuations  of  the  indica- 
tor pencil  dno  to  thp  natnral  period  of  vibra- 
tion of  the  piston  and  parallel  motion  of  the 
Indicator,  although,  according  to  my  experi- 
ence, the  confusion  !p  more  likely  to  be  the 
other  way,  the  vibralluu  of  the  indicator  parts 
being  more  often  the  only  explanation  for  tha 
warea  that  are  found. 

PREIGNITION. 

Whenever  on  compression  a  mixture  Ignites 
itself  before  dead  center  th  •  j  lienomenon  Is 
called  ■  preiguiliun."  Besides  the  many  known 
easily  avoidable  causes,  there  are  some  that 
are  difficult  to  understand.  Any  Inward  pro- 
jecting part,  such  as  a  piece  of  asbestos  gasket 
or  rough  edge  of  the  casting,  a  bolt  head,  nnt» 
piston  compression  plate,  carbonized  oil  or 
possibly  an  ignitor,  may  get  so  overheated  as 
to  caute  ignition.  The  compression  causes  a 
temperature  increase,  measured  by  thp  degree 
of  the  compression  so  that  all  parts  of  the 
gaseous  nilxtiire,  except  those  directly  In  con- 
tact with  cold  walls,  will  suffer  the  same  tem- 
perature rise,  due  to  the  compression.  If 
there  la  near  any  particle  of  mixture  another 
80urc«»  of  heat  than  the  compression  the  tem- 
perature at  that  place  will  rise  higher  and  may 
rise  so  much  higher  as  to  cause  an  ignition. 
It  may  be  also  that  lack  of  homogoneity  In  the 
mixture  will  result  in  zones  where  the  mixture 
has  a  lower  tempontare  of  ignition  than  at 
other  places,  for  example,  In  places  where  lu- 
bricating oil  is  vaporizing  or  In  the  case  of 
gasoline  where  the  mixture  Is  a  little  ttora 
rich  in  gasoline,  This  is  another  cause.  In 
spite,  however,  of  these  traceable  causes  there 
seem  to  be  some  others,  and  these  are  mostly 
associated  with  the  percentage  of  hydrogen  in 
the  gas. 

At  one  time  It  was  believed  that  tha  tam« 
peraturo  of  ignition  of  hydrogen  was  so  low 
that  the  addition  of  hydrogen  to  a  gas  not 
previously  containing  it  would  lower  the  tem* 
perature  of  ignition  of  the  maaa,  and  design* 
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ery,  lucliidinB  thf  writer,  went  so  far  as  to  an- 
nounce figures  tor  the  reduction  o{  compres- 
•Ion  tor  oaeli  per  oont.  of  hrdrogen  present 
tbat  was  nt'cessar}'  to  prevent  preignitlons. 

Repeated  experiments  by  the  different  en- 
gine butlden  and  by  engineers  not  aflsoetated 
with  the  building  of  engines  point  conclusively 
to  the  fact  that  preignltlon  may  occur  when 
the  percentage  of  hydrogen  Is  low  and  may 
not  occur  when  it  is  high  and  ugaia  may  occur 
when  it  Is  high  and  may  not  when  it  is  low 
for  a  given  engine  mnning  on  a  given  com* 

pression,  but  there  sefius  to  be  substantial 
agreement  on  the  statement  that  if  the  hydro- 
gen vere  absent  there  would  be  no  prelgnltlon 
at  this  compres^jiou. 

A  considerably  detailed  investigation  car- 
ried on  partly  In  the  laboratory  at  Columbia 
and  partly  In  the  field  .soenied  to  Indicate  that 
it  wau  not  the  percentage  of  hydrogen  in  the 
gas  that  fixed  the  tendency  to  prelgnlte,  bat 
rather  some  ratio  of  the  hydrogen  to  the  other 
elements  present.  The  remedies  applied  com- 
monly for  prelgnltlon  troubles  are  twofold: 
first,  a  reduction  In  comprrsslon ,  second,  an 
introduction  of  neutral  elements,  such  as  vjeAet 
to  be  vaporised  Into  steam,  steam  Itself  or 
cooled  and  purified  exhaust  gases.  This  prac- 
tice introduces  greater  variations  in  the  mix- 
tures than  It  Is  desirable  to  have,  and  Is  justl- 
fled  only  In  eniergsitey.  that  the  engine  may 
continue  to  run. 

Results  of  experiments  made  by  Dr.  K.  O. 
Falk  explain  the  apparent  inconsistency  be- 
tween percentage  of  hydrogen  in  the  gas  and 
the  conditions  of  pretgnttlon.  It  appears  from 
his  ngures  given  for  the  temperature  of  igni- 
tion that  in  a  producer  gas  containing  hydro- 
gra  and  CO  with  various  neutrals  mixed  with 
oxygen  the  temperature  of  Ignition  does  not 
depend  on  either  the  hydrogen  necessarily  nor 
the  CO  necessarily  In  the  mixture,  but  on  the 
relation  that  one  of  these  liears  to  the  oxygen 
present  and  which  one  can  be  determined  only 
by  oomputlng  the  temperatures  of  Ignition  for 

the  value  and  taking  that  value  whleh  Is 
lower.  One  very  significant  fact  in  addition 
to  the  above  Is  brought  out  by  these  resnlts. 
and  that  is  that  the  ignition  temperatures  and 
compressions  formed  are  all  very  much  higher 
than  those  tiaed  In  engines.  Mo  ordinary  en- 
gine uses  compression  anywhere  near  those 
determined  for  preignitiun. 

It  is  evident,  therefore,  that  as  pretgnlttoos 
occur  they  are  due  ni)t  only  to  the  romprrs- 
slon.  but  also  to  other  sources  of  heat.  The 
interior  parts  mast  be  hot  enough  In  places  to 


materially  augment  the  temperatures  produced 
by  compression  alone.  As  the  final  tempera- 
ture, due  to  compression,  bears  a  fixed  rela* 
tlon  to  the  initial  temperature  for  any  given 
compression  that  final  temperature  may  be 
made  higher  not  only  by  hwt  additions  dur* 
Ing  the  compression,  but  by  a  higher  Initial 
temperature.  High  temperature  burnt  gases 
retained  in  the  cylinder  are,  therefore,  detri- 
mental  and  scavenging  would  bo  an  assist- 
ance, but  it  is  doubtful  if  initial  temperatures 
are  high  enough  In  actual  engines  to  account 
for  the  prelgnltlons  which  occur,  jutlged  in  tho 
light  of  these  ignition  temperatures  measured, 
and  It  Is,  therefore,  extremely  likely  that  all 
heat  effects,  not  necessarily  for  the  entire  cyl- 
inder, but  for  some  part,  are  the  real  causes 
and  In  addition  the  occasional  presenos  of  a 
certain  sensitive  proportion  between  OXygen 
and  either  CO  or  hydrogen. 

The  solution  of  the  problem  of  controlling 
prelgnltlon  resolves  itself  into  three  parts:  (a) 
Maintenance  of  proportion  of  the  elements  of 
the  mixture  to  those  having  the  higher  tem- 
perature of  ignition,  iirovlded  this  mixture  will 
still  contain  enough  oxj'gen  to  burn  all  the 
fuel  present:  (b)  Care  In  securing  as  low  an 
initial  temperature  of  the  mixture  as  possible 
by  maintaining  inlet  jutssages  cool  and  purg- 
ing the  cylinder  as  completely  as  possible  of 
burnt  gases.  This  also  involves  the  mainten- 
ance of  early  ignition  to  reduce  final  release 
temperatures;  (c)  Care  In  designing  the  ma- 
chine so  that  interior  parts  shall  be  as  well 
cooled  and  as  uniformly  cooled  as  possible. 
A  well  cooled  cylinder  with  one  spot,  such 
as  a  nut,  poorly  cooled  may  Just  as  well  be 
poorly  cooled  throughout. 

The  prevention  of  explosive  waves  entirely 
In  engine  cylinders  seems  to  be  impossible. 
They  can  be  avoided  to  a  large  extent  ana 
practically  eliminated  by  giving  attention  to 
the  form  of  the  combustion  chamber  ;itid  to 
the  method  of  igniting  so  as  to  avoid  the  gen- 
eration- of  successive  waves  that  might  super* 

iniixist',  but  prt-ciseh'  Iiou  this  Is  to  be  done 
lanuot  be  said  at  this  time,  and  more  re- 
search will  be  required  before  a  solution  is 
poH.sllili'.  It  may  appear  In  the  light  of  com- 
plete information  that  no  solution  will  ever 
be  possible. 

The  maintenance  of  uniform  cylind.r  nii.x- 
tures  involving,  as  it  does,  first,  the  correct 
and  positive  proportioning  of  air  to  gaa,  and 
lattr,  the  uniform  uiixiui;  of  tVils  primary  ini.x- 
turo  with  the  burnt  cylinder  gases  in  alwa>'8 
constant  quantities,  is  a  thing  which  Is  abso* 
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lutely  Impossible  with  the  present  typo  of  en- 
giue.  Careful  design  can  do  much,  but  1  £ecl 
It  cannot  overeomdj  90  long  as  present  types 
are  adhered  to,  the  iittm«rou«  diacalU«s  her« 
presented. 

These  three  phases  of  the  general  subject  of 
our  lack  of  control  of  internal  combi! in 
exploding  engines,  namely,  the  muluteuance 


of  mixture  ;>roi'(trtions,  tho  clfmination  of  cx- 
plusivu  waves  aud  pieignitious  are  all  worthy 
of  much  study  and  are  all  difficult  problemi  In 
thenisehes.  It  is  hopod  that  in  this  presenta- 
Uon  of  the  cuudiliuua  to  be  met  that  deaigners 
and  builders  of  thoM  engines,  as  w«ll  as  Che 
users,  may  be  led  to  mntfnne  the  InfWtlsa^ 
Uuuh  aud  la  auuuuuee  their  results. 


THE  FIELD  OF  THE  MECHANICAL 

ENGINEER' 

B;  F.  R.  HUTTON,  EM..  SeJ>. 


The  oonvenlnB  of  the  American  Society 

of  Mechanical  Knpinoors  for  its  annual  nient- 
ing  in  the  splendid  building  devoted  to  the 
needs  and  uses  of  such  a  society  nukes  it  ap- 
pear fitting  to  consider,  In  the  opening  ad- 
dress, the  field  of  the  Mechsnfc&l  Engineer. 
What  Is  the  mechanical  engineer  at  the  open- 
ing of  the  twentifth  eontury? 

In  seeking  a  defensible  deflnltion  of  the  mc- 
dianlcal  englueer  In  these  days,  which  are 
those  of  spcrfalizatlon  on  the  one  baud  and  of 
broadening  scope  upon  the  other,  there  arc 
several  courses  open.  The  first  and  obvious 
one  is  to  rcKt  upon  authority  and  Inheritance 
and  to  follow  recorded  standards  which  have 
some  TOgue  or  acceptance.  A  second  Is  to 
gain  definlteness  of  lhou);'ht  by  tllffprentiating 
the  mechanical  engineer  from  other  special- 
ists by  noting  what  lines  of  professional  ac- 
tivity nro  not  his.  A  third  method  is  to 
scrutinize  the  list  of  membership  in  the  so- 
ciety and  so  divide  the  members  Into  groups 
as  to  geu'ralizc  therefrom  as  to  wbat  tb. 
man  is  doing  who  is  or  claims  to  be  a  me- 
chanical engineer. 

In  turning  to  the  historlcn!  definition,  or 
that  which  has  its  authority  from  long  usage, 
the  stately  language  of  Tredgold  of  England 
.TlT^nys  claims  first  place  ;ia  uf  right.  At  a 
meeting  of  the  Council  of  the  Institution  of 
Civil  Engineers  of  Oreat  Britain  on  Decem- 
ber 2f»,  ISL*7.  Mr.  Tredgold.  Honorary  Mem- 
ber of  the  Institution,  was  requested  by  reso- 
lution, to  "give  a  description  of  what  a  Civil 
Enginerr  !s."  In  order  that  this  description 
might  be  embodied  in  the  petition  for  a  char- 
ter for  such  a  body.  Mr.  Tredgold'a  historic 
definition  is: 

•From  thp  Pr«sid#ntt»l  Addraaa  »t  tbe  N«w  York  llMk- 
tnt;  <LH'criiibor.  K»i>7)  of  Tht  Am«flcaB  Soclaty  et  tl«- 

cbantcat  Eug)De«rs. 


"Civil  Engineering  Is  tbe  art  of  directing 

tbe  great  aources  of  power  in  Nature  for  the 
use  and  convenience  of  man."  He  amplifies 
this  by  adding  that  It  is  a  practical  applica- 
tion of  the  most  Important  principles  of  nat- 
ural law,  and  has  among  Its  objects  that  of 
Improving  the  means  of  production  and  of  traf- 
fic for  externa!  and  internal  trade,  such  appli- 
cations being  directed  to  the  construction  and 
management  of  roads,  bridges,  railroads,  aque- 
duct.^, rnnals.  river  navlRatlon,  docks  and  store 
bouges,  ports,  harbors,  breakwaters,  moles  and 
lighthouses.  He  Indndes  also  the  protection 
of  properf\  from  Injui'y  by  natural  forces,  as 
in  tbe  defense  of  tracts  of  laud  from  encroach- 
ments by  sea  or  rivers;  the  direction  of 
streams  and  rivers  for  use  either  as  powers  to 
work  machines  or  as  aupplles  for  towns  or 
for  irrigation,  as  well  as  the  removal  of  nox* 
ious  accumulations  as  by  drainage.  lie  touches 
also  upon  navigation  by  artificial  power  for 
the  purposes  of  commerce,  and  adds  that  the 
s-<'n])e  of  utility  of  nn ginecTin fi  will  be  In- 
creased with  every  discovery  in  natural  law 
and  physics,  and  Its  resources  with  every  ln> 

vention  in  nierhanlral  and  iheniUal  art.  The 
Charter  of  the  Institution  repeats  the  Trodgold 
wording,  and  deacrlbes  tbe  profeeslon  of  the 
eh  il  engineer  a.s  "the  art  of  directing  tho  grent 
sources  of  power  in  nature  for  the  use  and  con- 
venience of  man,  as  the  means  of  prodaetton 
and  of  traffic  in  states  both  for  external  and 
internal  trade  as  applied  in  the  construction 
of  roads  and  bridges.  aQueducts,  canals,  river 
navigation  aud  docks  for  internal  interconr5?e 
and  exchange  and  in  the  construction  and 
adaptation  of  machinery  and  in  the  drainage 
of  cities  and  towns." 

in  comment  upon  this  definition  it  may  be 
observed: 
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It  Bhould  receive  the  respectful  homage 

which  is  due  to  a  great  achfevenu  nt.  Its 
breadth  and  comprebensiveaess  show  us  bow 
great  wtw  tb«  maa  who  created  it,  and  lo  earljr 
in  our  inrtusiiial  history  By  suitably  extead- 
iog  the  meaning  of  its  terms  and  by  reading 
Into  them  the  taller  slgnifleancee  of  the  later 
years,  the  definition  is  still  dofenslble  for  what 
it  can  be  made  to  cover.  We  have  not  out- 
grown It  yet,  hjr  any  mease. 

It  should  be  regarded  as  n  tleflnitlod  ot  En- 
gineering in  its  broad  and  comprehensive 
aenee,  and  abould  not  be  used  to  apply  only  to 
that  specialized  department  of  the  profession 
to  which  in  America  the  term  civil  engineer- 
ing Is  applied  In  education  and  In  popular  use. 
What  Mr.  Tredgold  meant  was  the  profession 
of  the  civilian  practitioner  of  engineering,  as 
distinguished  from  the  military  engineer,  the 
latter  being  concerned  with  the  special  prob- 
lems of  the  fortress  and  the  work  of  the  army. 
The  clTlllan  and  the  military  engineer  have 
much  the  same  problems  In  any  case,  and  the 
military  engineer  in  the  field  of  ordnance  be- 
comes perforce  a  mechanical  engineer  of  high 
order,  hut  the  purpose  of  the  Tredgold  defini- 
tion was  to  form  the  basis  of  a  charter  for  an 
organisation  of  civilians  as  differentiated  from 
employees  of  the  British  Government  In  their 
own  engineering  field;  and  the  qualifying  word 
applied  to  the  engineer  should  be  so  under- 
stood in  the  llRht  of  Its  purpose, 

in  the  third  place,  it  should  be  noted  that 
this  definition  of  engineering  as  practiced  by 
the  f  ivillnn  was  given  in  the  Infancy  or  at  the 
birth  ot  the  modern  industrial  epoch  in  which 
we  are  now  llvtog.  This  constitutes  an  ele- 
ment o!  the  admiration  wo  must  feel  for  thp 
greatness  of  its  creator,  that  under  these  con- 
ditions be  should  have  seen  so  far,  but  the  fhct 
is  also  responsible  for  the  limitations  which 
are  suggested  by  it  and  which  must  be  re- 
moved in  the  light  of  our  present  clearer 
vision.  The  year  1S27  wan  two  years  In  ad- 
vance of  the  competition  at  Kalnbill,  where 
Stephenson  won  fame  tor  the  solution  of  the 
motive  power  proMrm  of  the  railway:  the  first 
power  driven  steamboats  on  the  Thames  bad 
been  strusgllng  against  the  tides  only  since 
1S13,  and  Dr.  nionyslns  T.arrlner  had  convinced 
all  conservatives  that  the  consumption  of  fuel 
u  the  standard  then  existed  would  preclude  all 
snccespful  working  of  long  distance  marine 
service  such  as  across  the  Atlantic  Ocean  or 
around  the  Cape.   The  machine  tool  was  still 

a  small  thtnp.  whose  tools  Wfre  held  liy  hand 
to  the  work  to  be  done.  Engineers  wore  highly 


pleased  when  the  fit  of  the  englne-plston  In  the 

bore  of  the  cylinder  was  so  dose  that  "at  no 
point  in  its  circumference  or  traverse  could 
you  drop  a  shilling  through  the  space  between 
the  two."  The  mining  of  England  while  im- 
portant, relatively,  was  yet  limited  for  lack  of 
shaft-madklnery  and  was  largely  or  entirely 
rarrlcd  on  by  mlnc-bosscs  of  experience.  Fara- 
day had  yet  four  years  to  labor  before  he  made 
his  hhitoric  discovery  ot  the  electric  current 
Induced  by  motion  before  the  pole  of  the  mag- 
net. The  metallurgist  and  chemical  engineer 
could  only  come  Into  being  when  the  needs 
of  a  rommimlty,  built  upon  Industrial  produc- 
tion with  cheap  power  at  its  base,  should  have 
called  tor  him.  What  did  exist  were  mills 
driven  by  water-power:  the  Iron  works  built 
upon  the  puddling  and  rolling  processes  origin- 
ated by  Henry  Gort,  and  the  achievements  of 
Boulton  and  Watt  in  respect  to  stationary 
steam  engines.  Nasmyth  with  the  steam 
hammer  and  the  large  machine  tool  were  stlU 
In  the  future:  hut  most  of  all  and  most  signi- 
ficant of  all  from  the  present  point  of  view,  the 
Idea  ot  manutactorlng  or  production  upon  a 
large  scale.  In  fat  lories  or  shops  where  prrat 
groups  of  productive  machinery  were  gathered 
together  to  be  served  by  a  common  source  of 
mechanical  power  had  not  yet  been  born.  Tho 
industrial  community  or  civilization  made  pos* 
sible  and  presout  by  the  combined  achieve- 
ment of  the  physicist,  the  mechanical  engineer 
and  the  electrical  engineer,  in  whose  power- 
house and  from  it  are  liberated,  generated  and 
trannmltted  the  vast  volumes-  now  In  use  of 
industrial  energy  Is  truly  dependent  upon  the 
powers  of  nature  controlled  and  directed  by 
engineers.  The  Irapllratlon  fs,  however,  that 
these  furies  of  nature  are  in  existence  and 
active  and  are  awaiting  control  and  direction. 
Til*'  definition  is  silent  upon  that  proup  of 
engineer's  concerned  with  the  liberation,  tho 
generation  and  the  transmission  of  forcss 
which  are  potential  and  are  not  reall^^cd  la 
nature  until  in  accordance  with  the  natural 
law  some  engineer  has  caused  them  to  appear. 

The  Inclusion  of  the  powers  of  nnturo  within 
the  scope  of  the  elements  of  the  profession  ol 
engineering  carries  with  It  the  utilising  of  the 
resisting  I'lrrea  rreated  In  the  materials  of 
engineering  when  such  powers  are  exerted  to 
deform  them.  Bngtneerlng,  therefore,  correctly 
covcrK  the  creation  of  structures  to  resist  the 
dynamic  action  of  forces,  meeting  by  the  prin- 
ciples of  statics  the  Impact  or  action  ot  Im- 
pi  <  .sspd  onergN  .  The  definition  mifiht  properly 
be  extended,  therefore,  to  cover  both  the  adap- 
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tation  of  the  pbysical  properties  of  tiio  ma- 
terials of  nature  or  manufacture  to  the  wliu- 
standlnK  of  stresB.  and  the  direction  and  con- 
trol of  forces. 

Finally,  he  who  romniits  himself  to  the 
splendid  Tredgold  definition  must  take  its  al- 
leged detect  vltb  Its  excellency.  It  Is  that  It 
include;)  as  engineers  not  alone  those  who  cre- 
ate and  install  apparatus  to  control  and  use 
the  powers  of  nature,  but  thoae  also  who  direct 
and  control  the  machines  or  apparatus  when 
created  and  installed.  This  will  include  those 
whom  I  will  call  "oo-tntiinators  of  deefm," 

who  take  the  boilers,  engines,  dynamos,  con- 
densing apparatus,  piping  and  pumps  which 
are  on  the  market,  and  combine  these  into  a 
consistent  whole.  They  have  not  designed  any^ 
of  the  units  themselves,  or  created  a  ui'W 
machine,  but  they  have  created  a  power-house, 
and  are  utilizing  the  powers  of  nature  fi>r  the 
use  and  convenience  of  man.  Somewhai  un- 
der the  aame  category  la  he  who  receives  tha 
finished  power-house  with  all  its  units 
from  the  foregoing  type  of  engineer  and  his 
allies,  the  contractors  who  have  done  the  con- 
struction work,  and  is  then  anrt  thHr<'after 
entrusted  with  Its  up-keep,  repair  aud  con- 
tinuous operation.  Sudk  a  man  also  directs 
and  controls  the  powers  of  nature,  albeit  on 
a  less  exalted  plane  than  the  creator  or  de- 
■iKuer  or  the  co-ordinator.  There  are  thoia 
who  would  make  the  co-ordinator  appear  ns 
a  mere  purchasing  agent,  and  the  operator  as 
a  mere  craftsman,  and  neither  an  engineer.  I 
cannot  agree  with  them,  l)elieving  that  their 
function  calls  for  skill  and  acquirement  of  a 
high  order.  1  he  historic  deflnltion  uaaucs- 
tionably  provides  for  them. 

If  the  writer  may  modestly  put  forward  a 
suggestion  for  a  revision  of  the  historic  deflnl- 
tion, he  would  word  if.  "The  Engineer  is  lie 
who  by  science  and  by  art  so  adapts  and  ap-> 
piles  the  physical  properties  nf  matter  and  BO 
controls  and  directs  the  forces  which  act 
through  them  as  to  serve  the  use  aud  conven- 
tence  of  nmn,  and  to  advance  his  economic  and 
material  welfare." 

It  may  be  of  Interest  to  add  that  the  ac- 
cepted dictionaries  of  the  day.  the  Century  and 
Standard,  define  the  englnopr  an  one  vers  d 
or  Kkilled  in  the  principles  and  practice  of  any 
department  or  branch  of  engineering,  deriving 
the  word  from  older  forms  which  means  h  - 
who  makes  or  uses  an  engine.  Englneeriug 
is  fi)rth(>r  explained  as  the  science  and  art  of 
making,  building  or  using  machines  nnd  en- 
gines; or  of  designing  and  constructing  public 


works  or.  the  like,  requiring  special  knowledge 
of  materials,  machinery  and  the  laws  and  prin- 
ciples of  mechanics.  Both  give  as  a  secondary 
meaning  one  who  runs  or  manages  an  engine. 
Both  the  French  and  the  Germans  avoid  this 
latter  double  uie  of  the  word  by  calling  the 
practitioner  of  this  sort  of  eiigineerin>;  a 
"machiniste"  or  a  "maschlnist."  The  French 
also  bare  the  word  "mechanlclen."  The  dic- 
tionary phrases  are  a  little  hard  on  the  mining 
engineer,  for  example,  who  is  scarcely  visible 
In  the  description. 

This  leads  up  naturally  to  the  dltferentia- 
tion  of  the  mechanical  engineer  from  tbose 
versed  and  skilled  in  other  branches. 

In  making  the  following  classtflcation  it  is 
obvious  that  unanimity  cannot  be  secured  from 
all  as  respects  tiio  number  of  branches  to  be 
recoKBlzed.  \  :  I  this  apology  and  for  the 
purpose  in  hand  there  are  at  least  thirteen; 

The  mining  engineer,  as  well  as  his  close  ally, 
the  metatlvrglcal  engineer,  Is  concerned  with 
the  discovery  and  the  winning  and  extraction 
from  the  earth  of  its  buried  treasures  of  oil. 
fuel  and  rock.  He  touches  the  geologist  and  min- 
eralogist on  one  side  of  his  functions  and  the 
chemist  upon  the  other.  Midway  he  alliea 
blmself  to  the  mechanical  engineer  for  the 
power  to  overcome  his  resistances  and  to  the 
electrical  engineer  for  its  convenient  transmis- 
sion to  the  working-point,  if  he  concentrates 
his  ore  after  winning  it  from  the  earth  he 
calls  again  for  his  machinery  upon  the  me- 
chanical engineer.  His  profession  paeses  at 
one  limit  into  the  craft  of  the  quarry  man; 
and  the  other,  he  calls  on  the  art  of  the  civil 
engineer  for  his  tunnels  and  for  his  shafts; 
rir  the  tunneling  and  shaft  work  of  the  civil 
eiiKlneer  Is  done  for  him  by  the  miner.  The 
meiJiilnrKli  ill  engineer,  who  transforms  the 
crude  ore  into  marketable  metal  or  into  the 
merchant  form  or  structural  shape,  is  allied 
to  the  chemlEt  upon  the  one  side  for  his 
processes  and  to  the  mechanical  engineer  U])oa 
the  other  for  his  machinery.  The  electrical 
engineer  Is  more  and  more  furnishing  hira 
the  energy  for  conversion  by  h^m  tlimnerh 
electrical  channels,  the  mecliauieal  engineer 
furnishing  tlie  latter  bis  power.  The  mining 
engineer  mav  l)e  both  miner  and  metallurgist. 
The  Iron  and  steel  metallurgiiit  Is  usually  a 
mechanical  engineer. 

The  electrical  engineer  is  primarily  en- 
trusted with  the  transformation  of  mechanical 
or  chemical  energy  Into  electric  form,  and  its 
transmission  in  that  form  to  the  point  of  use. 
where  it  will  be  again  converted  Into  some 
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4>ther  shape.  The  electrical  engineer  bag  made 
hla  own  the  auestion  of  Keneratlng  such  eieo> 
trie  energy  for  the  solution  of  the  problems  of 

lighting,  transportation  of  passengers  by  rail- 
way, and  communication  by  telegraph  »nd 
telephone.  He  touches  the  physicist  In  the 
nil  111)  oulslde  bis  applications  of  science,  and 
has  the  mechanical  or  hydraulic  engineer  next 
to  him  to  supply  mechanical  energy  to  his 
generator,  and  the  mechanical  engineer  be- 
yond him,  where  his  energy  drives  the  tool  or 
operates  the  pump  or  the  elevator.  Where  his 
energy  is  made  to  appear  as  hi^h  iieat  ho 
senres  the  metallurgist,  the  chemical  engineer ; 
where  It  appears  as  low  heat  or  as  light  he 
servf.-i  ihf!  individual  members  of  the  coni- 
utiuity  directly,  as  he  does  in  the  problem  of 
eommontcating  speech.  His  field  Is  very 
definite. 

The  naval  engineer  and  marine  architect  is 
a  specialised  mechanical  and  structural  engi- 
neer. His  hull  is  a  truss,  unsytnmetrlcally 
loaded  and  variably  supported;  his  motive 
power  a  definite  yet  widely  diversified  proh- 

Ifin.     He  covers,  in  addition,  a  wide  range  of 

sj^ecial  problems  when  his  vessel  ia  also  a  club 
house  or  hotel,  on  the  one  hand,  or  a  powerful 
fighting  machine  upon  the  other. 

The  military  engineer  must  cover  both  the 
defensive  and  the  offensive  department  of  his 
avocation.  On  the  one  side  he  is  a  structural 
engineer,  and  the  problems  of  effective  trans- 
portation enter  his  field,  which  he  therefore 

shares  with   what  Is  usually  called   the  civil 

engineer.  On  the  side  of  attack,  the  problems 
of  ordnance,  both  for  Its  construction  and  for 

lis  operation,  take  him  into  the  field  of  the 

mechanical  engineer  and  electrical  engineer; 
and  his  problems  touch  those  of  the  physicist 

and  the  chemist  and  the  niathematUlan  on  thi? 
research  and  theoretical  side,  in  fact,  the 
problems  of  the  military  engineer  are  probably 

those  in  which  the  solutions  offen-d  by  pur" 

theory  can  be  moet  directly  utilized  of  any 
presented  to  the  engineers.  Inasmuch  as  ques- 
tions of  cost  and  of  financing  are  usually  sec- 
ondary for  him.  If  the  result  is  worth  attain- 
ing at  all,  the  national  governments  will  al- 
ways be  among  the  most  lavish  spenders. 

The  chemical  engineer  is  a  new  applicant 
at  the  door  of  professiooal  recognition  In  cer- 
tain quarters.  He  la  the  engineer  in  charge  of 
production  or  manufacture  where  the  process 
or  the  product,  or  both,  are  chiefly  or  entirety 

dependent  upon  the  theories  and  practice  of 

chemistry.  He  shares  his  field  with  the  metal- 
lofglenl  attKlMw  m  mpeets  the  mgntttacinr^ 
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of  metals;  he  Is  a  mechanical  engineer  as  soon 
as  the  plant  betimes  large  enough  to  warrant 
the  application  of  power  and  machinery  to  the 
mechanical  handling  of  his  product.  Ga» 
plants,  sugar  and  oil  refineries  and  the  atraight 
chemical  manufacturing  corporations  call  for 
such  a  man,  whatever  bis  designation.  It 
would  appear,  however,  that  the  normal  tend- 
ency of  growth  and  development  In  this  field 
will  be  toward  the  utilization  of  two  types  of 
man.  The  one  will  be  the  chemist  and  the 
scientist;  the  other  will  be  the  mechanical 
engineer  and  executive.  It  may  easily  happen 
that  in  the  days  of  small  things  the  two  sets 
of  duties  may  devolve  upon  one  man;  later 
<in  it  will  be  found  that  the  best  qualifications 
for  both  duties  will  not  be  found  in  one  in- 
dividual, and  the  volume  of  duty  becomes  too 
great  for  one  man  to  be  effective  in  both. 
When  separated,  the  cleavage  will  be  along 
the  above  lines. 

The  sanitary  engineer  is  a  specialist  in 
hydraulic  engineering  in  the  applications  of 
water  supply  and  drainage  as  means  to  secure 
the  wellbeing  of  the  comniunit>'  as  respects 
its  public  health.  His  field  expands  from  that 
of  the  wise  precautions  respecting  the  piping 

of  the  individual  ho'.ise,  where  he  toiuhes  the 

craftsmanship  of  the  plumber,  up  to  the 
broadest  problems  of  sewage  disposal  and  util- 
ization, and  the  healthful  sujiply  of  potahlo 
water  for  cities,  free  from  bacterial  or  inor- 
ganic pollution  at  Its  source  or  in  transit.  Hlg 

co-workers  are  the  bacteriologist  and  the 
physician.  It  would  seem  more  serviceable, 
however,  for  the  purpose  In  band  to  grottp' 
such  men  wiih  what  are  hetagfter  to  he  called 
the  civil  engineers. 

The  heating  and  ventilating  engineers,  mak- 
ing a  s|)eclalty  of  the  sanitary  requirements  of 
enclosed  bouses,  as  respects  their  fresh  and 
tempered  air  supply,  are  really  sanitary  engi- 
neers, having,  however,  an  outlook  and  a 
relation  to  mechanical  engineering  in  the  ap- 
pliances of  their  function  rather  than  toward 

civil  engineering. 

The  refrigerating  engineer  is  concerned  with 
the  transformation  of  mechanical  or  heat 
energy,  so  as  to  lower  tlie  amount  of  such  in- 
trinsic energy  in  any  material  or  space.  He 
Is  most  unassallably  a  mechanical  engineer. 

The  hydraulic  engineer  is  of  two  groups. 
The  one  type  concerned  with  the  problems  of 
the  river  or  canal  for  navigation  or  for  power 

with  the  dam  and  Its  accompanying  details  of 
waterways  and  controlling  gate  houses  and 
slaloes;  and. with  the  gravity  storagie  and  dto- 
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tributiou  liy  mains  of  the  city  wator  supply 
Ms  plainly  Mb  outlook  toward  civil  eaglneer- 
Ing.  The- other  type,  concerned  wtth  the  water 
motor  and  Its  attached  niachliuTv  for  its  oper- 
ation; witb  tbe  mechanical  handling  of  water 
for  city  uae  or  for  power  tn  iodustry,  the  de* 
signer  of  pump8  and  hydraulic  utilization  ma- 
chinery has  his  outlook  equaliy  definite  upon 
the  Held  of  the  meehanleal  engineer.  The 
future  is  likely  to  see  this  differentiation  em- 
phasised, the  one  class  calling  himself  a  civil 
and  hydrantle  engineer,  and  the  other  daas  a 
mechanical  and  hydraulic  engineer. 

The  gas  engineer  has  two  sets  of  problems: 
The  one  ii  the  Intrarinural  manafactare  and 
etorage  of  his  product,  where  his  functions  are 
those  of  the  chemical  manufacturer,  and  he 
ehould  be  botii  (Aiemleal  and  medianleal  eagl< 
neer;  the  other  is  the  distrlhution  problem, 
for  whose  solution  is  reaulred  the  skill  and 
knowledge  of  a  type  which  la  unnamed,  hut 
which,  logically,  in  parallel  with  the  hydraullu 
engineer  above,  should  be  called  the  pneu- 
matle  (or  gaa)  engineer.  Induatry  haa  never 
stopped  to  be  logical,  however,  and  the  pneu- 
matic engineer  should  be  a  name  to  suppress. 
The  ftrture  will  douhtlees  widen  the  scope  of 
Ihe  gas  eUKiueer  to  cover  the  plants  which 
make  and  use  fuel  gas  for  power  and  heating 
In  unlta  not  so  targe  aa  those  on  the  municipal 
scale  now  in  evidence  for  lighting  mainly. 
Such  creators  and  engineers  for  heat  and 
power  win  plainly  belong  in  the  mechanical 
field. 

There  Is  no  recognized  group  of  engineers 
of  tranaportatlon,  or  transportation  engineers. 

Such  a  group  obviously  exiKts,  however, 
whether  or  not  the  name  Is  attached  to  an 
organisation  InctnalTe  of  all,  or  la  In  general 
use.  Such  are  the  engineers  of  motive  powtji- 
on  the  steam  railways,  with  the  master  me- 
chanics and  the  signal  englneera  and  the  oper- 
ative class  on  locomotives;  such  are  the  street 
railway  engineers,  the  car  builders,  the  main- 
tenance-of-way  engineers,  the  bridge  engt" 
neers,  the  engineers  of  floating  equipment 
From  the  bottom  of  the  rail  upwards  these 
haye  their  outlook  on  mechanical  or  electrical 
engineering;  from  the  bottom  of  the  nil  down- 
ward, upon  civil  engineering. 

The  foregoing  grouping  does  not  claim  to 
be  exhaustive  nor  inclusive  of  .nil  snhdlvlslons 
of  engineers,  even  go  far  as  it  has  gone.  The 
current  activities  of  the  engineering  building 
reveal  bodies  of  mnnicip;)!  engineers,  of  iliu- 
zninatiog  engineers,  of  engineers  concerned  In 
Hn  protection,  and  many  other*.    But  the 


purpose  has  been  to  clear  the  way  for  the 
separation  of  the  two  most  closely  allied  in 
fnnctlott  and  service,  the  ctvU  and  the  me- 
chanical engineer.  Tlic  civil  engineer  Is  con- 
fessedly differentiated  from  the  electrical  and 
from  the  mining  engineer;  he  baa  been  more 
and  more  utilizing  the  achievements  of  the 
meclianical  engineer,  or  the  latter  has  been  in- 
vading the  former  field  of  the  civil  engineer. 

It  is  plain  that  to  the  civil  engineer  belong 
as  of  right  all  problems  relating  to  the  canal, 
the  lock,  the  river,  the  harbor,  the  dock,  the 
sea-wall,  the  breakwater,  the  highway,  the 
aqueduct,  the  bridge,  the  viaduct,  the  retaining 
wall,  the  permanent  way  of  the  railway  below 
the  foot  of  the  rail.  He  also  has  nearly  the 
whole  of  the  municipal  problem  in  streets, 
sewage,  distribution  of  water,  the  location  oC 
railways,  with  geodetic  and  other  surveying 
ore  his.  He  has  the  foundation  of  structures, 
in  any  event,  but  may  have  to  abare  the  roof 
and  the  skeleton  steel  frame  wllli  other  spe- 
cializations. Tunneling  is  usually  done  by 
civil  engtaeers.  although  it  waa  originally  a 
mining  enciineer's  prerogative. 

To  the  mechanical  engineer,  on  the  other 
hand,  belong,  as  undoubtedly  and  aa  of  right, 
the  problems  of  the  generation  of  power  in 
power-houses  and  power  plants,  and  its  trans- 
misaion  to  the  operative-point,  unless  this  lat- 
ter is  done  by  electric  means.  It  is  a  fair 
question,  however,  when  the  electrical  engi- 
neer simply  transmlta  energy  generated  by  the 
niochanlcai  engineer  and  utilized  In  Industry 
by  the  latter  after  transmiasion,  whether  the 
electrical  engineer,  aa  an  engineer  of  trans- 
nils.sion,  is  not  for  the  time  a  mechanical  en- 
gineer. If  the  transmission  were  by  com- 
preased  air  on  a  suffldent  scale,  calling  for  a 
specialist  in  that  field,  would  such  a  man  be 
called  a  compressed-air  engineer? 

It  Is  also  plain  that  to  the  mechanical  engi- 
neer belong  all  design,  creation  and  manufac- 
ture of  tools  and  machinery.  This  makes  him. 
therefore,  the  natural  administrator  or  ezecu- 
ilve  of  the  production  processes  Involving  the 
use  of  machinery  la  factories  and  mills,  and 
It  la  here  that  he  finds  his  broadest  scope  anif 
widest  opportunity,  aa  will  be  further  demon- 
strated hereafter.  As  creator  of  machinery 
he  will  be  a  draftsman  or  designer  of  a  pro- 
ilurlng  plant;  as  operator  of  the  plant,  con- 
sidered as  a  tool  for  production,  he  will  be  a 
general  manager  or  superintendent,  or  will 
piTforni  the^^e  functionR  as  owner  or  as  presi- 
dent, vice-president,  agent,  secretary  or  treas- 
urer. As  a  producer  of  power,  the  railway  will 
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make  the  mccbAnlCftl  wgineer  their  superin- 
tendent of  motive  power;  and  the  rail  and 
joint  become  aiso  responsibilities  of  his;  as 
adminiAtrmtor  of  men  and  machinery,  to  be- 
comes master  mechanic  of  the  railway,  and 
mure  and  more  such  engineers  are  chosen  to 
be  genonl  superintendents.  The  automobUo 
or  motor  vehicle  engineer  is  of  course  a  mO' 
chanical  engineer.  From  his  knowledge  and 
special  training  he  becomes  the  inspector  and 
tester  for  all  departments  of  mecbanical  pro- 
duction. 

Bat  this  relation  of  engineer  oC  production, 
borne  by  tbe  mechantcal  engineer,  is  at  the 
bottom  of  very  notable  developments  of 
progress.  As  the  scale  of  production  increases 
with  the  aggregation  of  capital  invested,  the 
permanence  of  tbe  business  becomes  Insepa- 
ratcly  bound  up  with  the  satisfactory  quality 
of  its  output.  Hence  there  grows  a  system  of 
business  in  whlcb  tbe  reputation  of  the  pro^ 
du<  or  becomes  a  factor^  compelling  him  to 
satisfy  tbe  buyer  as  respects  the  engineering 
excellence  of  his  purchase;  and  it  becomes  pos- 
sible for  the  contract  between  tbe  two  to  be 
based  upon  the  specifications  created  by  the 
producer  or  seller,  and  not  by  tbe  engineer  or 
tbe  buyer.  This  makes  for  cheapness  and 
prompUMM  of  production  and  delivery,  since 
standard  articles  become  possible  and  fre- 
quent. It  is  a  system  lying  largely  at  tho  itaao 
of  the  American  success  in  competition  in  for- 
eign markets,  as  It  differentiates  our  practice 
from  that  of  England,  for  example.  ii  points 
to  a  narrowing  of  the  scope  of  the  office  of 
consulting  practitioner,  as  compared  wltb  tbe 
widening  s'jupt-  of  the  manufacturing  engineer. 
It  marks  a  broad  difTerentlation  between  the. 
civil  and  the  mechanical  engineer.  In  that  the 
former  never  or  very  rarely  attaclieB  himself 
to  a  producing  Interest.  He  serves  a  munici- 
pality, a  corporation  or  an  individuat  always 
as  a  representative  of  their  interests  as  a  buyer 
or  user.  It  is  bis  function  to  see  that  specifica- 
tions, unfriendly  in  intent  to  the  interests  of 
the  seller,  are  carried  out  by  the  latter.  The 
engineer  of  production  Is  called  on  to  originate 
bis  speelflcatlona  and  to  enforce  them  in  pro- 
duction, in  order  that  the  guarantee  of  quality 
and  of  economy  in  use  may  both  be  satisfac- 
tory to  sneb  user.  The  entire  point  of  view  of 
the  two  types  is  radically  diverse. 

Tbis  achievement  of  the  manufacturing  or 
production  engineer  gives  significance  to  the 
work  of  the  considerable  group  of  mechanical 
engineers,  who  have  been  earlier  designated 
as'  "eo-ordlnator«  of  desigu."   These  are  they 


who  take  the  satisfactory  designs  or  creations 
of  the  producing  engineer  and  combine  such 
elements  into  a  unit  for  some  industrial  pur-  ' 
pose.  It  would  be  foolish  and  unwise  for  such 
men  tu  pass  by  existing  standards  upon  tbe 
market  and  create  special  designs  of  their 
own.  These  latter  would  not  only  be  more 
costly  to  pay  for,  but  their  delivery  would  be 
slower,  and  problems  of  repair  and  replace- 
ment be  many  times  more  difficult,  costly  and 
delaying.  Their  cr^tive  function  as  engi- 
neers, however,  is  d  liferent  from  that  of  the 
producing  engineer  proper,  yet  to  succeed  de- 
mands the  same  faculty  of  critical  selection 
and  of  adaptation  of  means  to  ends,  upon  a 
basis  of  sound  science,  which  distinguish^  the 
other  group.  To  them  belong  those  engineora 
of  operation  and  development  of  oslstJng 
plants,  who  rarely  create,  but  Who  akUfttUy 
select  and  adopt  and  combine. 

This  eooDomIe  condition  also  has  given  rise 
to  a  group  of  engineers  properly  mechanical, 
who  are  directly  and  productively  related  to 
the  producing  corporations  as  their  represen- 
tatives in  their  selling  organization  over  a 
large  territory.  It  is  unfortunate  that  these 
men  of  professional  standing  and  of  engineer- 
ing qualification  should  be  so  often  called 
"sales  managers."  It  is  their  duty  to  act 
exactly  as  the  co-ordinator  of  design  does  in 
h\»  (Aee,  gad  secure  for  the  intending  pur- 
chaser an  engineering  solution  for  his  needs 
which  shall  be  satisfactory  to  him.  His  value 
to  the  producing  corporation  is  inevitably 
measured  by  the  number  of  contracts  which 
he  brings  them:  his  value  to  his  clients  is 
measured  bj  the  ODglneoring  value  of  the 
specifications  upon  which  .siuh  (outrad  i-. 
based.  The  mere  salesman  couid  not  per- 
torm  tbe  duty  of  the  case,  ualeia  tlM.lmyor 
were  protectPd  hy  a  consiiltlnj?  en^fneer.  It 
is  economically  to  be  prettitred  as  above,  to 
have  tbe  speritiration  emanate  from  the  seller. 

And  finally,  the  pronp  of  eiiKlnefrs  of  pro- 
duction mutat  iiiclude  the  industrial  t^ngineers 
who  are  organizers  of  nu-n  or  departments 
or  works  as  tools  of  prod urt ion.  Those  men 
are  not  creatures  of  visible  machines  em- 
bodied in  steel  or  Iron,  which  perform  ma- 
terial functions  before  our  eyes.  Yet  are  they 
creators  of  power  and  directors  of  forces 
under  the  fundamental  definition.  They  may 
do  this  as  independent  consulting  engineers 
from  an  office  relation;  or  they  may  be  con- 
tinuously employed  for  this  purpose  by  one 
producing  concern.  In  either  case  their  suc- 
ccirsful  achievement  Is  the  same  in  principle 
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Md  io  result  as  that  of  talv  who  devise*  a 
new  automatte  machine  by  whldi  output  la 

increased  and  cost  of  productioa  cut  down. 

The  flnal  criterion  or  tonch-atone  for  all 
theee  claims  for  the  scope  and  ftanctlon  of  the 
mechanical  engineer  must  be  the  answer  ;iiid 
attitude  or  the  profession  itself.  The  Ajneri* 
can  Society  of  Mechanical  Engineers  exists  to 
promote  the  Arts  and  Scionces  connected  with 
iSngiaeerlnj;  and  Mechanical  Construction. 
The  member  must  be  competent  to  take  re- 
Bponsible  charge  of  work  in  his  branch  of  en- 
Kioeeriog  as  designer  or  constructor,  or  he 
must  have  served  as  a  teadier  of  engineering. 
The  assriciiite  must  be  competent  to  lake 
Charge  of  engineering  work  or  to  cooperate 
with  engineers.  This  brings  In  the  Journalist, 
the  patent  lawyer,  the  business  man,  the  con- 
tractor. The  Junior  must  .he  either  an  en- 
gineering school  graduate,  or  haTO  had  such 

exi»erien<e  ab  will  enable  him  to  fill  a  respon- 
sible subordinate  position  in  engineerins 
work.  Candidates  must  be  proposed  by  mem- 
bers of  the  Society,  supposedly  familiar  with 
Its  functions  and  staudarda,  and  such  pro- 
posers are  called  on  to  answer  searching 
questions  hy  the  scrutlnizlnR  Membership 
Committee  of  five.  The  Committee  on  Mem- 
bership reports  recommendations  of  qualified 
persons  to  the  Council  of  the  Society,  who 
again  scrutinize  the  list,  and  It  Is  finally  sub- 
mitted to  the  entire  voting  membership  by 
letter  ballot,  with  privilege  of  rejection  by  a 
limited  number  of  adverse  votes  on  anjr  name. 
Henoe  it  may  be  aMnmed  that  the  m«nh«r- 
■hlp  contains  only  those  whom  the  adminis- 


tration of  the  Society  and  its  active  member- 
ship regard  as  suitable  members  ot  a  boclety 
of  Mechanical  Engineers. 

Who  are  these  members,  and  what  are  they 
doing?  A  convenient  classification,  according 
to  their  occupations,  follows: 

Group  Name.  Numbers.  FareMtag*. 

Th«  uticlKSzifled   306  lO.S 

Th.-   army   and   BSV)r.......   11  0.4 

Liivd  marin«   18  0.9 

The   hydraulic   12  0.4 

Patents   L'.">  0.8 

Journaliists   1.0 

.Mining  and  mrtallurgy   it  1.0 

EoKlne^rlng   rontraccor   4h  t.9 

TcstltiK  iiiid   Insp'-itliiR   49  1.9 

OperBtii:»[  I  iiMiiii-rr    ,Vi  l.R 

Locomuiivt:  auU  rallwajr   07  1.9 

Electrical  cDKlncer   65  2.3 

Professor  and  teacher.   ltC>  0.3 

nrartsman  and  deslStMr   IITO  4.01 

Local  manager    19>.'!  I  S.2 1 

SHOP  M«cuUv«    1,572  11.8/53.6 

The  BuuttMctttiw   SMj  S3.6J 

OVics  praetltlQBtr..   W 

TftUI   .2JHT  1W.0 

There  would  seem  fherefori?  ;i  u'l  i  vl  ground 

for  defending  a  twentieth  century  Tredgold 
who  should  define  or  describe  the  mechanical 

engineer  of  his  period:  "The  Mechanical  En- 
gineer is  one  who  by  science  and  by  art  SQ 
adapts  and  applies  the  physical  properties  of 

matter  and  so  controls  the  forces  which  act 
through  them  as  to  serve  the  use  and  con- 
venience of  man  and  to  advance  his  economic 
and  material  welfare.  He  does  ttiU  mainly  by 
storing  and  liberating  motor  energy  through 
machines  and  apparatus  which  he  designs  and 

In -tails  anil  operates  for  the  purpose  of  fos- 
tering and  developing  the  processes  of  indus- 
trial produetloin  whtch  use  and  rsqutre  such 
power  upon  a  larfe  scale." 


FERRO-ALLOYS  FOR  FOUNDRY  USE 

By  E  F.  LAKE 

C0NDBN8BD  FROM  "AMSRICAN  MACHINIST  ' 


To  the  layman,  and  for  that  matter  to  many 
machinists,  cast  iron  is  cast  iron;  but  to  those 
up  In  foundry  practices  and  engineering  there 
are  probahly  a.s  many  Qualities  of  cast  iron 
as  of  any  other  metal,  unless  it  be  steel.  Up 
to  comparatively  recent  times  iron  and  steel 
flittoding  was  carried  out  hy  rule  of  thumb, 
but  scientific  methods  have  now  been  intro- 
duced and  at!  foundries  of  any  slie  have  lab- 
orntorles  In  which  the  metats  are  analysed 


and  tested  so  that  any  desired  anality  Of  IrOtt 
can  be  produced  witiiln  certain  limits. 

Much  of  this  Improvement  has  been  due  to 
the  perfection  of  the  electric  smelting  furnace 
and  its  use  in  the  production  of  rich  ferro-al- 
loys at  a  comparatively  moderate  price.  Among 
tho.qe  which  are  Important  to  foundrymen 
might  be  mentioned  splegel,  ferro-manganese, 
sllloon-splegel,  teno-olllcon,  ferro-ehrome, 
terro-phosphorus,  ferro-alomlaum,  ferro-tl tan- 
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turn,  ferro-yanailiuin  nd  mixed  alloTt  of  the 

ftbove  elements. 

These  elemeats  add  different  properties  to 
caat  Iron,  iitelt  aa  harduaia  and  aoftneN,  while 

reflning  the  grain,  removing  blow-holea  and 
microscopic  cracks,  increasing  the  strength, 
lowerlnff  the  aalphur  and  phosphorus  con- 
tents, etc. 

Ferro-manganese  and  spiegel  are  used  more 
than  any  of  the  other  elements  In  making 
cast  Iron,  and  differ  only  iu  that  the  former 
contains  a  high  and  the  spiegel  a  low  percent- 
age of  manBansae.  These  are  need  both  to 
harden  and  soften  cast  Iron,  and  the  results 
are  obtained  by  a  liigh  or  low  percentage  of 
mmsgaaese,  which,  however,  varlee  with  the 
amount  o(  carbon  as  well  as  the  sulphur  in  the 
iron;  its  work  is  largely  governed  by  th— S. 
Aa  an  example  of  Its  hardening  effect,  one 
pound  of  fcrro-nianKanese  Ib  put  in  the  bot- 
tom of  a  ladle  into  which  is  tapped  300  lbs. 
of  cupola  Iron  to  produce  the  chill  In  ear 
wheels. 

Silicon-spiegel  is  closely  allied  to  the  fore- 
going, as  It  contains  a  considerable  amount  of 

nianKanese.  The  slllrun  Increases  the  solubil- 
ity of  gases  in  the  metal  when  solidifying, 
Uitts  preventing  honeycombing,  and  also  has  a 
softening  etTeet  which  Is  further  enhanctd  1  y 
the  manganese,  as  this  reduces  the  sulphur. 
Both  are  deoxldlsers  of  considerable  power. 
Fierro-elUcon  tends  to  eonvert  the  earbmi 


contents  to  a  graphitic  condition  and  so  pro' 

duce  a  soft  casting.  Some  tests  have  shown 
that  when  added  in  the  ladle  a  gain  in  trans- 
verM  strength  and  deflection  of  S4  and  S0% 

respectively  was  made. 

Ferro-chrome  is  a  hardener  and  is  used 
where  hard  wearing  properties  are  desired,  aa 
in  (ast-iron  piston  rings. 

Ferro-phospborus  makes  iron  very  fluid 
when  molten  and  causes  it  to  make  a  line 
Impression  In  the  sand  and  is  therefore  used 
to  advantage  in  fine  thin  ornamental  or  artis- 
tic work  where  strength  im  not  considered,  as 
a  high  percentage  of  pbospboroa  mak«t  iron 
verj-  brittle. 

Fierro-sAttnlnnm  Is  used  as  a  deoxldlier  and 

thereby  refines  the  grain;  but  very  little  of 
it  should  remain  in  the  metal,  as  it  is  lia- 
ble to  remain  suspended  and  thus  cause  a 
loss  in  strength  by  the  lack  of  continuity  of 
the  metal. 

Ferro-tltanlum  acts  as  a  deoxldtser  and 

combines  with  both  oxygen  and  nitrogen, 
therefore  aids  in  removing  these  gases  and 
thereby  produces  sound  caatlnga.  It  Increases 
the  transverse  strength  and  the  hardnesa  of 
the  chill  of  cast  iron. 

Ferro-Tanadlum  refines  the  grain  and  re> 
("  if^es  the  porosity  of  oast  Iron  as  well  as  In- 
creasing the  breaking  strength.  Thus  it  is 
useful  for  auch  castings  aa  ▼alvea  and  explo> 
slve-englne  eylinders. 


AUTOMATIC  BLOCK  SIGNALS 

By  A.  G.  SHAVER 


FROM  "THE  ROSE  TECHNIC" 


The  large  number  of  railway  accidenta  oc- 
curring during  the  last  year  has  Interested 
the  public  to  the  extent  that  the  block  signal 
system,  as  a  means  of  preventing  the  colli- 
sions between  trains  and  wrecks  da«  to  broken 
rails  and  defective  or  misplaced  switches,  is 
being  given  greater  consideration  than  ever 
before. 

The  several  methods  of  block  signaling,  de- 
pending upon  the  manner  in  which  the  sig- 
nals are  controlled  and  operated,  are  divided 
into  three  classes: 

1.  The  manual  block  system,  in  which  the 
are  manually  operated  by  signalmen 


in  accordance  with  Information  transmitted 
from  one  signalman  to  another. 

2.  The  controlled  manual  blooik  nystiMn,  In 
which  the  signals  are  usually  manually  oper- 
ated and  so  constructed  and  connected  as  to^ 
require  the  co-operation  of  the  signalmen  at 
both  ends  every  time  a  train  Is  admitted  to  the 
block. 

3.  The  automatic  block  signal  system,  in 
which  the  signals  are  operated  by  any  suit- 
able power,  as  electricity  or  some  compressed 
gas,  and  controlled  electrlcaUr  to  Indicate 
stop  or  proceed,  depending  upon  the  presence 
or  absence  of  a  train  in  the  block  or  some 
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other  condition  affecting  the  safe  movement 
of  trains,  aa  open  switches  or  broken  rails. 

The  manual  btock  Rjrstem  appears  to  have 
been  first  used  in  this  (ountry  in  1^13  or 
1864  on  a  line  between  Pblladelphia,  Pa.,  and 
Trenton,  N.  J.,  now  a  part  of  the  PennsTivanla 

Railronti.  This  systoni  1^  yot  more  laiKt'l)' 
used  than  any  otber,  particularly  on  lines 
of  light  traffic  and  many  single  track  rtcll- 

roads. 

The  controlled  manual  block  system  was  In- 
troduced on  the  New  York  Central  and  Hud- 
son Rivir  Itailrond  in  It  is  now  oper- 
ated on  more  than  1,000  miles  of  railroad  and 
tts  use  la  being  extended. 

Automatic  block  signals  won-  invented  and 
developed  In  America.  Indeed,  very  few  are 
yet  in  service  In  foreign  conntrtes.  Records 

show  that  the  first  installarioii  was  niadi'  in 
1671  near  Boston  on  16  miles  of  what  is  now 
a  part  of  the  Bottoa  and  Maine  Railroad. 


Biutk   ^tem. — ^A'  nerlei   of  oonaecutlTe 

blocks. 

Though  the  signal  'devices  Installed  live  or 

Kix  years  a^o  wiTe  considered  ver.v  satisfac- 
tory and  those  In  service  at  the  present  time 
are  giving  good  results,  yet  there  has  been 
and  is  now  a  gradual  evolution  in  the  design 
of  apparatus  always  tending  toward  simpli- 
fication and  increased  efRdeney  at  less  cost. 

The  very  earliest  forms  of  automatic  slfinals 
were  of  the  clockwork  and  disk  patterns,  but, 
because  of  the  greater  vlsthillty  of  the  soma* 
I)hore  and  because  of  it»  almost  exchieive  use 
for  interlockings  and  the  various  manual  sig- 
nals.  an  automatic  semaphore  signal  was  soon 
deveioi)ed  and  Is  fiow  mor«  largely  used  than 
any  other. 

All  installations  of  automatJc  block  signals 

have  elect ro  inaj;nrtir  controlling^  feature^  and, 

with  but  few  exceptions,  electric  track  cir- 
eulta. 


Other  installations  followed  at  intervals,  but 
it  was  not  nntll  1879,  when  the  track  circuit 

was  introduced  and  found  practlraMo,  that 
noticeable  progress  was  made.  Since  that 
time  there  has  been  a  steady  growth  In  anto- 
n»atlf"  hlork  sipnallnp;  till  at  the  present  time 
some  10,000  miles  of  railroad  are  so  equipped. 

The  American  Railway  AsBoclatlon.  of  whtdi 
nearly  all  the  rriUroads  in  America  are  mem- 
bers, has  explained  some  of  the  fundamental 
features  and  fimetlons  of  block  slgnaltng  In 
th.>  following  deflnltlons: 

Block. — A  length  of  track  of  deflned  limits, 
the  use  of  whldi  by  trains  is  controlled  by 
block  signals. 

Block  Signal. — A  fixed  signal  controlling  the 
use  of  a  block. 

Iloiiie  Block  Signal. — A  fixed  siu:nal  at  tho 
entrance  of  a  block  to  control  trains  In  enter- 
ing and  using  the  said  block. 

Distant  BIo<  k  Si«nal — A  fixed  signal  used  In 
connection  with  a  borne  block  signal  to  regu- 
late the  approach  thereto. 

Advatire  Dlork  Slirnal.  —  A  flxol  sipnal  used 
in  connection  with  a  home  block  signal  to 
subdivide  the  block  in  advance. 


It  Is  only  through  the  track  circuit  as  a 
medium  that  absolute  safety  in  block  signal- 
ing mny  be  attained. 

The  development  of  the  art  has  been  such 
that  tOHday  an  automatic  block  system  signal 
system  is  considered  very  fmperfert  If  a  s!>;- 
nal  does  not,  by  displaying  its  stop  indication 
'denote  the  presence  of  a  train,  a  broken  rail 
or  an  open  switch  In  the  Mock.  The  trark 
circuit  through  which  this  Is  accomplished  Is 
very  simple.  A  section  of  track  Is  fixed  upon 
for  the  circuit;  an  isolated  joint  is  ptaeed  In 
each  rail  at  each  end  of  the  section;  all  the 
ordinary  rail  Joints  coming  within  the  section 
are  bonded  with  two  No.  8  B.  W.  G.  E.  B.  B. 
galvanized  iron  wires;  a  battery  is  connected 
at  one  end  of  the  section  and  the  electro-mag- 
net of  a  relay  at  the  other  end.  Thus  a  com- 
plete circuit  is  established,  the  rails  serving 
as  conductors  to  connect  the  battery  to  the 
f'lff'ro  mntrnet.    Fig".    1    Illustrates  this. 

Track-circuit  sections  may  vary  In  length 
up  to  8,000  and  7,000  ft,  depending  upon 
track  and  climatic  condition??.  These  lengths 
are  extreme  and  exceptional,  however.  Un- 
der ordinary  track  conditions  with  food  drain- ' 
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age,  untreated  cross-ties  and  good  gravel  bal- 
last free  from  rail  cootact,  it  it  considered 
sood  practice  to  malce  them  2,500  to  3,000  ft* 
long. 

The  insulated  Joints  are  similar  Id  many  re- 
spects to  ordinary  rail  joints  with  the  excep- 
tion that  an  toBulatlng  material,  usually  bard 
fiber,  is  applied  in  such  a  way  that  the  two 
rails  whffdb  are  connectfNi  do  not  come  into 
electrical  contact. 

The  track  battery  ordinarily  consists  of  two 
gravity  cells  connected  in  parallel,  though  in 


y1>  y> 
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nn 


and  the  armature  falls  by  gravltyi  tbua  Oper- 
ating the  signal  circuits. 

High  speeds  and  heavy  trains  require  that 
that  there  should  be  a  home  ami  distant  signal 
for  every  block.  The  length  of  block  is  de- 
pendent primarily  upon  the  density  of  traf* 
fic.  Where  the  blocks  are  1  Vi  miles  or  less  in 
length,  It  1b  common  practice  to  mount  the 
home  and  distant  signal  arms  on  one  post, 
the  distant  arm  on  any  oue  post  ordinarily 
operating  as  the  distant  signal  for  the  home 
arm  on  the  next  post  In  advance.    But  where 
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some  installations  a  storage  battery  Is  being 
used  with  as  good  or  beUer  results. 

The  oloctrlral  resistance  of  the  track  Is  very 
low  and  with  good  bonding  never  more  than 
O.SB  ohm  per  1,000  ft.  of  track,  which  Is  about 
the  maximum  in  cold  weather  with  all  the  rail 
Joints  open. 
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the  blocks  are  longer  than  1  Vt  miles,  to 
moniit  the  distant  and  home  arms  on  one  post 
would  brini;  the  distant  signal  so  far  away 
from  its  home  as  to  make  Its  Indication  inef- 
feeliTe;  therefore,  In  such  cases  the  home  and 
distant  arms  are  mounted  upon  separate  posts 
2,000  to  4,000  ft.  apart,  the  exact  distance 


as 


7  ^7 


1] 


The  resistance  of  the  track  relay  olectro- 
magnet  is  osually  4  ohms,  but  in  some  cases, 
with  well  IttSBlated  traelc  and  short  sections, 
a  resistance  of  9  ohius  is  used. 

The  track  relay  is  equipped  with  cpntacta 
which,  when  the  electro-magnet  Is  energized 
or  de-onergized.  make  or  break  auxiliary  cir- 
cuits controlling  the  signals.  Normally  it  is 
energlied.  but  when  a  train  enters  the  track 
circuit,  tho  electrical  resi.stance  of  the  contact 
between  the  wheels  and  the  rails  is  so  small 
tlwt  the  eleetro-sMgnet  Is  praetlcatly  diunted 


l>ciiii;  (lepeudeiit  upon  the  space  required  in 
which  to  stop  the  fastest  train  should  the  dis- 
tant signal  Indicate  caution  and  the  home 
signal  stop. 

Many  railroads  now  use  as  night  signal  in- 
dications, red  for  atop,  yellow  for  caution  and 
green  for  clear  or  proceed.  When  a  liom© 
semaphore  signal  indicates  stop,  its  arm  Is  in 
a  horltontal  position  and  in  addition  at  night 
a  rod  li^Iit  is  displayed.  Wbea  either  a  home 
or  distant  semaphore  signal  indicates  clear, 
proceed,  Its  arm  Is  inclined  downward,  usually 
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eo\  aud  In  addition  at  nl^t  «  green  ngbt  Is 

displayed. 

Vig.  i  llluitTateB  an  arransMDient  of  sema- 
phore automatic  Tjlook  signals  on  ilouhlo  track 
where  the  home  and  distant  arms  are  on  the 
same  post.  Home  signal  '5  and  distant  bIkdsIs 
Do  and  D3  are  Indicating  stop  and  caution 
respectively  due  to  a  train  in  tbe  block  of  sig- 
nal 6.   The  train  In  the  block  of  signal  9 

receives  a  caution  signal  D.',  indlrrtinr-  tliat 
home  signal  a  is  at  stop,  and  must  therefore 


proceed,  block  clear,  at  all  limes  excepting 
when  the  condition  of  the  block  is  such  that 
a  stop  signal  Shovld  be  given,  as  when  ther» 
Is  a  train  or  an  open  switch  in  the  block. 

A  normal  danger  signal  is  one  which  indi- 
cates stop  at  all  times  enseptlns  when  the 
block  is  clear  aud  a  train,  or  some  condition 
of  the  same  effect  of  a  train,  Is  within  a  cer- 
tain section  or  sectl<nis  approaching  the  signal. 

There  Is  a  great  variety  of  clrcultB  for  the 
operation  of  either  method,  but  it  is  the  in- 


proceed  prepared  to  stop  at  signal  5.  If  sig- 
nnla  &re  equally  spaced  and  this  latter  train 
always  keeps  the  same  distance  behind  tbe 
train  ahead,  it  will  run  under  caution  signals 
all  the  way.  It  will  be  noted  that  the  trains 
in  blocks  8  and  2  are  spaced  with  two  blocks 
between  them  and  eaeli  Is  running  under  both 
clear  distant  and  home  signals. 


tentlon  to  show  only  one  simple  circuit  tor 

each  here. 

Fig.  4  Is  a  typical  normal  clear  wire  circuit. 
Assume  that  a  block  TV,  which  Is  divided  into 
two  track  circuit  sections  TU  and  UV,  is  pro- 
tected  by  a  home  aignal  T  and  Its  distant  bIs> 
nal  S.  A,  B  and  C  are  traek  relays  normally 
energised  and  operating  through  their  front 


Flp.  3  Illustrates  an  arrangement  of  sema- 
phore automatic  block  signals  on  double  track 
with  the  home  and  distant  arms  on  separate 
po»ts  It  is  in  effect  tbe  same  as  Fig  2  but 
with  longer  blocks. 

There  are  two  general  methods  of  opMntlng 
automatic  block  signals  known  as  "normally 
dear"  and  "normally  danger."  Each  has  its 
advantaget,  eadi  Is  largely  used  and  eadi  has 
it.H  advoeatss  among  the  prlndiwl  signal  com- 
panies. 

A  aomal  elear  signal  is  one  wbl6h  ladicatsa 


contacts  the  control  circuits  for  the  signals. 
E  is  the  control  relay  for  the  home  signal,  and 
Its  circuit,  whldi  Is  normally  doesd,  Is  from 
common  wire  through  battery  Q,  front  contact 
Of  relay  C,  home  control  wire,  front  contact  of 
relay  B,  eleetro-magnet  of  ID  and  thence  to 
common  wire.  Relay  E  controls  tbe  operation 
of  the  motor  J  and  the  clutch  magnet  K  wlilch 
holda  the  signal  clear.  Battery  R  operatea 
the  motor  J  and  energizes  the  clutch  K.  Cir- 
cuit breaker  O  serves  to  automatically  open 
the  motor  circuit  when  the  aignal  has  eiearsd. 
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J)  is  the  control  relay  for  the  distant  signal,    etKHit  operating  homo  siignal  D  is  made. 


and  its  circuit,  whiih  is  also  normaliy  ener- 
^Izutl.  1b  from  common  wire  through  battery 
Q,  front  contact  of  relay  C,  home  contrul  wire, 
front  contact  of  relay  B,  circuit  closer  P,  dls- 
tiint  coiilrul  wire,  front  contact  of  relay  A, 
•control  relay  D  and  thence  to  common  wire. 
Circuit  closer  P  is  closed  only  when  home  sig- 
nal T  Is  iloftr.  The  motor  and  clutch  circuit 
of  the  dii^tant  signal  is  exactly  like  that  of  the 
home  signal.  A  train  in  either  section  TU  or 
UV  will  de-energize  the  track  relay  and  set 


Eoon  as  home  signal  D  clears,  circuit  closer  O 
tfl  operated  to  shut  out  the  high  resistance 
relay  J;  this  then  enables  enough  current  to 
pass  through  the  circuit  from  battery  K  to 
pick  up  the  armature  of  control  relay  L2  and 
thus  operate  the  clutch  C2  and  motor  M2  tu 
clear  tbe  distant  signal.  When  the  train 
passes  Into  the  section  BD,  relay  T2  is  de-ener- 
gized opening  its  front  contact  to  put  the  dis- 
tant aigual  B  to  caution  and  closing  its  back 
contact  to  maintain  the  cirenlt  ahead  to  hold 


nn , 


D_.- 
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both  signals.  A  train  In  Moct'.on  ST  will  de- 
energize  track  relay  A  and  set  distant  signal  S. 

Flc.  B  to  a  typical  normal  danger  wire  ctr^ 
•cult.  The  block  DF,  which  Is  divided  into  two 
track  sections  DE  and  EF,  is  protected  by  a 
home  signal  D  and  Its  dtotant  signal  B.  T, 
Tl,  T2  and  T3  are  track  relays  normally  on- 
ergized.  Assume  a  train  approaching  B;  wbea 
it  gets  Into  section  AB^  relay  TS  Is  de-eaer- 
gl7ed,  closing  its  hark  contact.  Thus  a  circuit 
is  made  from  common  wire  through  back  con- 
tact of  relay  T3.  control  relay  L2,  front  eon- 


honip  sli?nal  D  clear.  When  the  train  passes 
into  section  DE,  relay  TI  is  de-energized  thus 
setting  hOBM  signal  D  at  stop. 

The  location  of  block  signals  on  a  line  to  be 
signaled  is  a  matter  of  much  Importance. 
The  traffic,  grades,  euryes,  topography  <tf  the 
conntrr,  location  of  switches,  water-tanks, 
telegraph  offices,  stations,  overhead  structures, 
grade-crossings,  tunnels,  etc,  all  need  careful 
consideration. 

The  signaling  of  a  double-track  railroad,  be- 
cause there  la  a  tradt  for  traflle  In  eadi  direc- 


lZy„LI3L.J  1^  'Z'l 


tact  of  relay  T2,  distant  control  wire,  relay  J, 

control  relay  I.l,  front  contact  of  relay  Tl, 
hoyxe  control  wire,  front  contact  of  relay  T 
and  battery  K  to  common  wire  again.  Relays 

LI  and  L2  are  of  niurli  less  resistance  than 
relay  J.  When  the  circuit  is  made  relay  J 
gets  enough  current  to  pick  up  Its  armature 
but  relays  LI  and  L2  do  not.  The  lifting  of 
armature  J  closes  a  circuit  from  common  wire 
through  resistance  R,  which  Is  enual  to  that 
of  relay  ^A,  front  contact  of  relay  J.  r>»lay  LI, 
front  contact  of  relay  Tl,  home  control  wire, 
front  contact  of  relay  T  and  battery  K  to  com- 
mon -wire.  Thus  relay  LI  is  energized  and 
through  its  front  contact  the  clutch  and  motor 


tion,  Is  In  many  respects  easier  than  signaling 

a  Rlngle-trnck  railroad. 

Fig.  6  illustrates  a  scheme  of  automatic 
block  signal  location  on  double  track.  Signals 

1  and  5  are  what  mlt^hr  ho  termed  advance 
home  signals  because  they  serve  to  start  a 
train  which  may  hare  stopped  at  the  station. 

Stcnals  7  Jind  "  ar-e  lorated  SO  as  to  protect 
the  rear  end  of  trains  which  may  be  standing 
at  the  station  as  well  as  to  protect  against  the 

possible  wrong  position  of  Kwflc  lics  In  thi  Ir 
respective  blocks.  Each  home  signal  governs 
only  to  the  next  home  signal  In  advance.  In 

this  pfir-tlnilar  case  signals  D3  and  D6  ure  dis- 
tant signals  for  home  signals  3  and  u  and  4 
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and  6  rvspLM  lively.  Since-  tratlir  Ls  in  one  di- 
rection on  each  trackj  the  signals  furnlsli  rear 
end  protection  onl7. 

Fig.  7  Illustrates  a  method  of  automatic 
block  aignaling  single  track.  Eince  ttiere  must 
be  both  rear-end  and  head«on  protection  for 
trains,  the  iiignals  must  be  located  t(j  nu-e; 
this  condition  and  their  circuits  so  designed 
tbat  the  bloeke  overlap.  The  lines  ending  In 
arrnwfj  are  Intended  to  show  the  section  of 
track  over  which  each  signal  governs.  With 
tttch  an  Bmngement  tt  BhowB  in  Fig,  7.  It 


will  be  impossible  for  two  trains  to  ;t|>pr(  ;ich 
one  another  without  each  receiving  a  stup  sig- 
nal before  they  can  meet,  yet  It  will  be  poa* 
sible  for  four  trains  following  ono  another,  or 
two  trains  headed  toward  each  other,  to  he 
between  two  stations  at  the  same  time.  The 
arrangement  of  sl«naln  and  overlaps  at  i>ass- 
iug  sidings  admits  of  two  trains  approaching 
each  other  very  closely  for  the  purpose  oC 
meeting  and  passing.  .Vs  the  overlaps  are 
shown  the  direction  rights  should  be  for  west* 
hound  trains. 


GAS  ENGINES  AND  INDICATORS 

FUOM  "THE  RNGINFiEK."  LONDON 


The  Institution  ol  Mechanical  Engineers  is 
to  be  congratulated  on  the  first  paper  of  the 

Sfs-ioti  atld  ou  the  distuBsion,  which  i'xtunded 
over  two  evenings.  At  first  sight  the  paper* 
by  Professor  Bertram  Hopklneon  might  ap* 
pear  to  deal  only  with  certain  academic  points 
in  connection  with  the  inaccuracies  ol  indi- 
cators and  with  errors  of  a  secondary  order 
Involved  iti  one  of  the  methods  of  determin- 
ing the  indicated  horse-power  adopted  by  the 
Committee  of  the  Insttttltlon  of  Civil  Engi- 
neers on  Internal  combustion  engines.  In 
reality,  however,  the  matters  dealt  with  are 
of  practical  Importance,  because,  as  pointed 
out  by  Mr.  Dugald  Clerk  and  Captain  Sankey, 
the  economy  of  gas  engines  Is  now  so  good 
that  the  margin  left  for  Improvement  Is  quite 
small— so  long  as  the  present  "constant  vol- 
ume" cycle  is  adhered  te — and«  hence  arises 
the  practical  necessity  of  Inquiring  closely 
into  the  accuracy  of  the  instruments  used,  and 
into  the  methods  adopted  for  determining  both 
the  thermodynamic  and  mechanical  losses,  so 
as  to  be  able  to  assess  accurately  and  to  dis- 
criminate between  the  various  losses.  Take, 
for  example,  the  thermodynamic  losses.  As  Is 
w<>ll  known,  tln'  i h<?rmodynamlc  efllcieucy  of 
the  ideal  constant  volume  cycle  is  given  by  the 
expression  1  —  (1/r)*,  where  n  Is  the  com- 
preBslon  ratio.  If  air  is  taken  a.s  the  working 
substance  for  the  ideal  engine,  and  if  the  spe- 
cific heat  Is  assumed  constant,  we  have  n 
1.4,  and  the  thermodynamic  efficiency  of  the 
standard  when  r  —  6.37  is  52.2^t,  as  given  In 
Professor  Hopktnson's  paper.  Now,  the  hi>;h- 
esl  thermodynamic  cfflclency  of  the  enKine 
tested  by  him  is  given  as  379i.  a  figure,  it  may 

••  h,   III  indirnted  Powff  snd  M«eb«nkst  Btttctoocr  or 


tie  observed,  which  is  reached  by  many  good 
modem  gas  entjiue^,  and  the  ratio  between 
tluse  two  efficiencies,  that  Is,  the  "relative 
efllclency"  compared  to  the  air  standard  cycle. 
Is  11%,  from  which  it  would  appear  that  there 
Is  a  margin  of  29%  still  available  for  improve- 
ment. But  in  the  case  of  the  actual  gas  in 
the  engine  the  specific  heat  is  not  constant, 
and  from  tlu,'  data  derived  from  the  experi- 
ments of  Austin,  iiolborn.  Dugald  Clerk,  and 
others,  it  can  be  shown  that  the  thermody- 
namic efficiency  can  be  obtained  with  sumclent 
accuracy  by  taking  a  =  1.29,  so  that  the  ther- 
modynamic efficiency  of  the  actual  gas  con- 
stant volume  etaodard  cycle  la  il*/t.  The 
ratio 

thermodynamic  efficiency  of  actual  engine 

thermodynamic  efficiency  of  gas  standard 

is  then  00-: .  gliowing  that  In  reality  there  is 
only  a  ten  per  cent,  margin  for  Improvement. 
In  thla  connection  we  would  point  out  that  the 
Institution  of  civil  Engineers  adopted,  on  tho 
recommendation  of  their  Committee  ou  the 
Thermal  Efficiency  of  Steam  Engines,  the  term 

"Efficfpiicy  Katlo"  foi'  the  ahnvc  ratio,  aud 
we  think  this  term  should  also  be  adopted  for 
gas  engines  when  the  comparison  is  made  with 

the  actual  ideal  gas  <  yi  li-,  rniployini;  the 
term  "Relative  EJUcicncy  *  when  the  compari- 
son Is  made  with  the  air  standard  cycle,  as 
wa-  ri  1 1  .inmf'ndr'd  by  Captain  Sankey  in  the 
discussion  ou  .Mr.  Dugald  Clerk's  paper  read 
last  winter  before  the  Institution  of  CIvU  En- 
gineers. 

if  we  suppose  that  there  is  au  inaccuracy  oL 
±  69t  In  the  determination  of  the  I.HP.,  the 

rdiciency  ration  of  ^tc;'  wtir.ld  h<  come  aijprox- 
iwately  So'.i  aud  9iiV«.  according  as  to  whether 
the  error  Is  positive  or  negative.   A  greater 
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accuracy  than  ~  y/,  in  the  determination  of  the 
I.Hf .  is  therefore  Imperative,  if  we  desire  to 
obtain  any  trae  idea  of  the  margin  of  im- 
provement reniatnlng.  Xow  it  uay  abundantly 
dear  from  the  discussion  that  with  the  ordin- 
ary pencil  Indicator  errors  of  ±  are  to  be 
expected,  but  that  with  the  mirror  indicator 
an  accuracy  of  ±  2%  can  easily  be  obtained. 
Hence,  when  the  object  of  Indioatiner  ia  to 
determine  the  thermodynamic  efDcteULv  and 
tlie  efficiency  ratio«  the  mirror  indicator  should 
be  need.  Such  teats  will  doabtleis  either  be 
carried  out  in  laboratories,  or  else  at  the 
mailer's  worlcs,  and  the  great  delica^  of  the 
mirror  indicator  la  then  of  no  disadvantage. 
For  tests  on  the  user's  premises,  and  for  other 
important  uses  of  the  Indicator  which  we  need 
not  specify,  the  pendl  Indicator  will,  we  feel 
sure,  hold  its  own.  An  objection  was  raised, 
on  the  score  of  accuracy,  to  the  thickneea  ot 
the  line  usually  obtained  with  the  mirror  in- 
die ator.  Doubts  on  this  point  were  entirely 
dispelled  by  the  beautiful  diagrams  exlUbited 
by  Professor  Hopktnson  and  by  Mr.  Dugald 
Clerli.  It  was  difRrnlt  to  realize  that  the 
diagram  thrown  on  the  screen  by  the  former 
waa  the  superpoeltton  of  100  Indicator  cards, 
so  fine  was  the  line.  Evidently  evcu  tlie  small- 
est transient  change  would  be  noticeable,  and 
hence  the  Talue  of  this  form  of  indicator  when 
examining  visually  by  means  of  a  teU  s(  ope,  as, 
for  instance,  in  the  case  of  research  worlc  on 
the  effect  of  water  Injection,  as  suggested  by 
Professor  Hele-Shaw. 

An  important  auesUon  was  raised  by  the 
paper  and  the  discussion,  viz.,  the  definition 
of  the  I. HP.  of  a  gas  engine.  It  appears  to  be 
cuFtomnry  to  deduct  the  negative  loop,  due  to 
the  pumping  stroke  of  the  Otto  cycle,  from 
the  positive  loop  due  to  the  combustion  of  the 
gss.  From  the  point  of  view  from  which  wo 
are  at  present  considering  the  matter,  this  pro- 
cedure is  obviously  incorrect,  and  apparently 
it  has  only  the  auestionable  commercial  ad- 
vantage of  making  the  brake  efficiency  of  the 
engine  appear  larger  than  it  n  ;illy  is.  Pro- 
fessor Uopklnson  showed  that  the  area  of  the 
negatlre  loop  In  the  engine  he  tested  wus.  at 
full  load  3.4'.<  of  the  positive  loop,  so  that  if 
deducted  the  1.HP.  would  be  3.4%  smaller 
than  given,  and  the  efflclency  ratio  of  90%  al- 
ready referred  to  would  he  increased  to  93'f, 
In  fact.  If  the  valves  were  made  small  enough 
so  as  to  get  a  large  negative  loop,  the  efll- 
ciency  ratio  niiKht  he  made  lOO'.J  or  more. 
We  therefore  fully  agree  with  Professor  Hop- 
klnson'a    rscommendattoo    that   the  I.UP. 


should  be  obtained  from  the  positive  loop 
without  deducting  the  negative  loop,  and  we 
suggest  that  It  be  accepted  for  standard  prac- 
tice. 

Professor  Hopklnson  dwelt  at  some  length 
on  one  of  the  methods  adopted  by  the  Com- 
mittee of  the  Institution  of  Civil  Engineers  on 
Internal  Combustion  Engines  for  determining 
the  I.HP.  at  full  load  from  the  brake  horse 
power.  The  assumption  made  by  the  Com- 
mitte  was  that  the  loss  is  constant  at  all  loads; 
hence,  If  the  I.HP.  at  no  load  is  determined  by 
the  indicator,  this  I.HP.  can  be  taken  as  equal 
to  the  difference  between  the  I.HP.  and  the 
B.HP.  at  full  load,  and  since  the  error  of  the 
indicator  affects  only  the  I.HP.  at  no  load,  a 
±  57o  error  of  the  indicator  produces 
only — if  the  brake  efficiency  is  86% — an  error 
of  a  X  (100  —  86)  lOu,  or  say  ±  1.5%  in  the 
final  result.  But  the  loijs  at  no  load  is  largely 
due  to  the  negative  loop,  and,  as  pointed  out 
by  Professor  Hopkinson,  the  majority  of  these 
loops  are  larger  at  no  load  than  at  full  load, 
because  the  loop,  when  only  air  and  no  gas  la 
drawn  in,  is  larger  than  when  both  gas  and 
air  are  drawn  inj  an  overestimate  of  the  loss 
Is  thus  made,  and  a  correction  should  be  ap- 
plied. The  amount  of  the  correction  will  how- 
ever, depend  on  the  engine  under  test,  for  in 
some  the  negative  loop,  and  In  partientar  the 
proportion  between  the  gas  loop  Mid  the  air 
loop,  is  larger  than  in  others.  In  the  case  of 
the  engines  tested  by  the  Committee  of  the 
Institution  of  Civil  Engineers,  it  would  appear 
that  the  negative  loops  were  smaller  than  In 
the  engine  tested  by  Professor  Hopkinson,  so 
that  in  the  case  of  the  Committee's  trials  the 
WKOT  caused  by  not  taking  into  account  the 
air  loop  is  probably  small,  and  would  not  ma- 
terially affect  the  brake  efficiency  obtained. 
On  the  other  hand,  although  Professor  Hop- 
klnson's  tests  show  clearly  that  the  pure  me- 
chanical friction  is  constant,  and  does  not  in- 
crease with  the  load«  and  that  the  consensus 
of  opinion  points  In  the  same  direction,  we 
think  it  is  probable  that  there  may  be  a  slight 
increase  in  the  friction  loss  as  the  load  be- 
comes greater,  and  this  would  tend  to  correct 
the  error  introduced  by  not  taking  the  air 
loops  into  account.  This  method  of  determin- 
ing the  I.HP.  of  gas  engines,  when  pencil  in- 
dicators are  used,  appears  to  us  of  such  consid- 
erable value,  inasmuch  as  it  practically  elim- 
inates the  error  of  the  Indicator,  that  we  think 
it  is  much  to  be  desired  that  It  be  further  in- 
vestigated, in  order  to  put  at  rest  the  doubtful 
questions  above  referred  to. 
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During  tlio  past  three  vfars  extensive  series 
of  experiments  have  been  carried  on  at  Sib- 
ley College.  Cornell  Unlveralty,  for  the  pur> 
pose  of  fleteniihihiE;  the  specific  heat  of  super- 
heated Bteam.  The  result*  of  these  experi- 
ments were  presented  in  a  paper  hj  Profeeeor 
Car!  C.  Thomas,  read  before  the  American 
Society  of  Mechanical  Engineers  at  its  annual 
meeting  In  New  Tork,  dnrtng  tlie  first  week  of 
December. 

The  method  employed  by  Prof.  Thomas  and 
liis  aiitetants  waa  briefly  as  follows: 

All  condltious  having  been  arranged  so  that 
they  cou-ld  be  controlled,  thus  providing  for 
practlcallr  absoluta  steadiness  of  steam  press- 
urr,  voltage  and  steam  supply,  steam  was 
started  through  a  calorimeter  and  the  whole 
system  was  allowed  to  run  for  several  hours 
before  taking  readings.  When  flnaHy  steady 
conditions  had  been  obtained,  steam  or  a  cer- 
tain quality  was  entering  tbe  calorimeter.  Blec 
trical  enerpry  was  introduced  sufficient  to  dry 
this  steam  as  indicated  by  the  thermo-Junc- 
tlon  in  the  calorimeter.  Any  change  in  qnal- 
Ity  was  at  once  indicated  by  temperatiire 
change.  Standard  conditions  having  been  ob- 
tained—that Is.  a  glTsn  quantity  of  steam 
passing  throiijch  the  calorimeter  per  unit  of 
time  and  receiving  Just  enough  electrical  en- 
ergy to  dry  it  and  thus  bring  It  up  to  the 
"standard"  or  dry  steam  condition;  then 
enough  more  cloctrlcal  energy  was  added  to 
raise  the  temperature  of  the  steam  through  a 
given  range,  either  20,  40,  60,  80,  100  or  ir>0 
degs.  C.  corresponding  to  36,  72,  108,  144. 
180  and  t19  degs.  P.  respeetlyely.  The  energy 
required  to  prodnre  this  rise  of  tenipera'ure 
having  been  noted,  the  initial  standard  (dry 
and  saturated)  conditions  were  gone  back  to 
by  dropping  ont  the  energy  introd tired  to  Kive 
the  range  of  temperature.  This  formed  a 
chedc  on  tho  eonsuncy  of  the  standard  condi- 
tion. From  these  data  speelflr  heats  Include 
lug  radiation  from  the  Instrument  were  cal* 
cttlated  for  the  vartouo  pressures  and  tem- 
perattire  ranges  employed. 

It  was  found  from  these  experiments,  the 
results  of  which  were  presented  in  graphical 

form,  that  the  Fperlfle  heat  of  superheated 
steam  varies  with  both  the  pressure  and  the 
temperature.   It  iaereases  when  the  pressure 

of  the  steam  Inrreasef;  and  dinilulshes  with  nn 
Increase  in  the  temperature.  Tho  specific  heal 
increases  and  decreases  more  rapidly  when 

near  the  ^•at^r^tln^  point,  with  increase  of 
pressure  and  temperature,  respectivel.v,  than 


is  the  case  In  conditions  more  remote  from  thA 
saturation  point.  These  conclusions  apply 
over  the  whole  range  covered  In  the  InTcstlga- 
tloti.  which  Included  pressures  from  7  lbs.  ab- 
solute to  500  lbs.  absolute  per  sq.  in.  and  up 
to  270*  P.  superheat,  for  all  pressures  em* 
ployed. 

The  specific  heat  of  superheated  steam  is  of 
interest  to  engineers  because  upon  it  depend 
the  answers  to  fho  rv.-n  following  questions: 

How  much  does  it  cost,  with  given  efficiency 
of  steam-beating  apparatus,  to  produce  cuper- 
heated  steam  of  given  pressure  and  tempera- 
ture, at  a  given  rate? 

What  amount  of  beat  oiergy  may  be  counted 
on  as  available  in  unit  weight  of  superheated 
fcieam  of  given  pressure  and  temperature? 

In  the  greater  number  of  engineering  cal- 
culations it  is  the  iiican  ^pc'lfl^'  f'^'if  that  is  re- 
quired, or  the  average  amount  of  heat  needed 
per  degree  la  changing  the  temperature  of  the 
steam  from  some  assumed  starting  point  to 
some  other  temperature.  The  following  tabla 
has  been  compiled  from  Fig.  7  of  the  paper  as 
published  in  the  Proceedings  of  the  Society  for 
Dtft'mfjcr: 


Abiioiute 

MBAN  8PECIPIC  HBAT. 

pressure. 

lbs.  per 

Superheat,  Degs.  F. 

sq.  in. 

20" 

40° 

60^ 

80° 

100" 

IB 

.668 

.528 

.532 

.514 

.506 

49 

.586 

.566 

.546 

.536 

.628 

60 

.614 

.580 

.562 

.548 

.640 

100 

.63S 

.568 

.580 

.666 

.568 

150 

.646 

.612 

.592 

.580 

.572 

300 

.662 

.630 

.612 

.598 

.590 

«00 

.680 

.648 

.632 

.618 

.608 

Superheat,  Degs.  F. 

120' 

160' 

180" 

200* 

15 

.602 

.468 

.496 

.492 

.490 

40 

.522 

.518 

.514 

.510 

.50,S 

60 

.532 

.528 

.524 

.&20 

.518 

100 

.650 

.544 

1540 

.534 

.532 

150 

..'if.  6 

.560 

.554 

.550 

.544 

300 

.582 

.576 

.570 

.564 

.560 

600 

.600 

.594 

.588 

.582 

.678 

Superheat.  Oeg^.  F. 

240 

270" 

IS 

.488 

.484 

40 

.604 

.502 

.500 

60 

.316 

.512 

.508 

100 

528 

.624 

.520 

150 

.536 

.536 

.680 

noo 

.556 

.552 

.546 

600 

.572 

.5(>8 

.564 
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THE  CLASSIFICATION  OF  CEMENTS 

By  SAMUEL  S.  SADTLER 

CONDBNnO  FROM  THB  'VOUBMAL  OF  THB  FRAMKLIN  INSTITUTE" 


With  a  view  of  classifying  and  studying  the 
subject  of  cemeaU.  the  writer  has  prejMired  tb«> 
following  dlflcassloD.  Thte  subject  Is  sticb  a 
broad  one,  embracing  a  wide  range  of  chemi- 
cals and  raw  materials,  tliat  the  scope  of  this 
paper  can  not  go  bejrond  a  general  treatment 
of  the  subject. 

Besides  cements  In  the  narrow  sense,  there 
are  other  preparations  trhtdk  may  «]«o  be  de- 
llneil  and  discussed. 

•  A  cement  Is  a  plastic  or  liquid  substance 
used  to  Join  aurfaoes.  It  becomes  firm  or  solid 

on  setting. 

A  lute  is  a  plastic  material  used  for  pro- 
Tenting  or  stopping  leaks  and  Is  generallr  used 

for  temporary  purposes.  Its  setting  Is  gen- 
erally of  such  a  character  that  it  may  he 
easily  remored. 

Pastes  and  mucilages  are  fluid  substances 
used  for  uniting  paper  and  cloth  or  fastening 
them  to  surfaces  such  as  wood  or  metal. 

The  purposes  for  which  this  class  of  sub- 
stances are  employed  are  so  many  that  there 
Is  hardly  any  line  of  work  that  is  not  in  a 
notable  measure  depending  upon  them.  It  is 
difficult  to  recall  any  industry  not  requiring 
one  or  more  of  them. 

Wood  workers,  masons,  plasterers,  plum- 
bers, bookbinders,  machinists,  the  metallurgi- 
eal  Industries,  manufacturers  of  chemicals,  all 
industries  where  power  is  a  large  factor,  scien- 
tists and  householders  are  constant  users  of 
cements. 

It  can  hardly  be  said  that  there  Is  any 
dearth  of  information  as  to  what  might  be 
used  In  special  cases  or  that  there  is  any  dif- 
ficulty In  procuring  suitable  materials  for  cora- 
.  pounding,  but  it  has  been  thought  desirable  to 
treat  the  subject  In  a  systematic  way.  This 
mtgllt  help  persons  to  choose  a  cement,  to  com- 
potind  It,  and  to  get  the  best  results  in  its  use. 

The  fact  is  that  there  are  hundreds  of  for- 
flUtlBS  published  for  making  cements,  where 
dosms  would  serre  if  careful  selection  were 
made  by  some  one  and  the  results  properly 
classlfled.  Of  those  now  published,  too  much 
is  claimed  for  some,  others  are  practically  im- 
possible, a  large  number  are  unnecessarily 


complicated  or  use  expensive  elements  where 
cheaper  ones  would  serve,  such  as  the 
use  of  ale  or  -brandy  as  media  of  aolu* 
tlon.  These  substances  may  do  the  work 
,  required,  but  simpler  ingredients  naturally 
suggest  themselves  and  the  old  formolas 
should  be  revised  accordingly,  provided  tests 
show  that  the  changes  are  safe  ooes  to  make. 

SETTING. 

To  use  cements  properly  it  is  quiiQ  impor- 
tant to  understand  the  rationale  of  their  ao- 
tion.  With  this  knowledge,  If  the  action  char- 
acteristic of  its  setting  does  not  proceed  sat- 
isfactorily, modifications  of  temperature,  di- 
lution or  proportions  may  be  made  and  much 
trouble  saved  thereby. 

The  phenomena  of  setting  may  be  differ- 
entiated as  follows: 

1.  Evaporation,  loss  of  water  or  other  sol- 
Tent 

3  Hydration,  taking  on  the  elements  of 

water. 

5.  Ooollag. 
4.  Oxidation. 

6.  Vulcanization. 

6.  Ordinary  dbemieal  action. 

7.  Combination  process. 

1.  Evaporation. — In  cases  where  setting 
takes  place  by  evaporation  there  are  various 
considerations  to  be  noted  in  respect  to  both 
solvent,  solute  materials  and  insoluble  filler 
if  any. 

The  chief  consideration  is  of  ooniSe  as  to 
whether  the  materials  in  solution  or  combined 
solution  and  suspension  are  chemically  and 
physically  resistant  to  solution,  corrosion  or 
abrasion  incident  to  their  use.  This  matter 
is,  however,  too  full  of  detail  to  be  taken  up 
at  tills  time.  As  to  the  solvent,  however, 
something  may  be  said  here. 

Layers  of  cement  should  not  be  so  deep  as 
to  seriously  hinder  i-vapurution,  especially  If 
the  solvent  is  water.  When  water  is  used, 
unl<»8  the  time  of  setting  is  not  important, 
heat  Is  generally  present  to  expel  it,  or  some 
corrective  filler  used,  such  as  Portland  c«>mpnt 
or  plaster.   As  the  solvent  goes  oft  cracks  are 
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likely  to  develop  U  tbe  mixture  is  too  tliin. 
Tibroits  materials  svedb  as  noted  below  under 

the  head  of  flilers  are  useful  for  boldlnt^  it 
together,  and  It  tbe  body  o{  the  cement  la  of 
■oft  material  aueh  as  oils  or  soft  pitch  it  is 
especially  desirable  tu  have  some  Inert  filler 
present  whether  ilbrous  or  uot.  When  the 
solvent  Is  not  water,  choice  of  various  organic 
fc.(ilveiits  can  often  be  made.  in  general 
metli>-l  (wood)  alcohol  and  ethyl  (grainj  al- 
cohol dissolve  soaps,  free  organic  adds  and 
Bome  of  the  resins,  while  the  other  solvents 
dissolve,  more  or  leas  perfectly,  fats,  oils, 
some  resins,  pitches  and  asphalt. 

The  most  inii)ori[int  sdtvents  are  here  given 
In  tile  approximate  order  of  volatility  (with 
boiling  points): 

Volatlltty. 


Sulphuric  Ether    35'C. 

Carbon  di-sulphide    46'C. 

Acetone  66*C. 

Chlnroform   61°C. 

Methyl  Alcohol    66 'C. 

Carbon  tetrachloride    78'C. 

Benzol    SO^C 

Petroleum  benslue   IOO-laO''C. 

Toluol   lll'C. 

Glacial  Acetic  Acid  lig-C. 

Turpentine   156°C. 


The  order  of  the  solvent  power  is  as  fol- 
lows; Sulphuric  ether,  chloroform,  carbon  di- 
tiulpbide,  carbon  tetrachloride,  turpentine,  gla- 
cial acetic  acid,  benxol,  toluol,  acetone,  petro- 
leum benzine,  methyl  alcohol,  ethyl  alcohol. 

The  cost  of  these  solvents,  in  the  order  of 
their  cheapness  follows:  Benslne.  toluol 
(straw  color),  benxol  (straw  color),  wood  al> 
cobul,  denatured  alcohol,  turpentine,  glacial 
acetic  acid,  carbon  tetrachloride,  acetone, 
chloroform,  ethyl  alcohol,  sulphuric  ether. 

Most  of  these  substances  are  extremely  in- 
flammable and  form  explosive  mixtures  with 
air.  There  are  two  notable  exceptions,  how- 
ever— rhioroform  and  carbon  tetrachloride — 
especially  the  latter.  It  will  neither  bum  nor 
support  combustion. 

2.  Setting  by  Hydration. — In  this  case 
crystalline  substances  form  en  masse,  by  the 
taking  up  of  water.  It  is  desirable  to  have 
SB  nearly  as  possible  the  total  amount  of 
water  required  to  secure  the  greatest  density 
and  strength.  There  abould  not  be  too  much 
inert  material  present  to  keep  the  particles 
of  the  setting  substanoe  apart.  The  more 
finely  divided  the  Inert  material,  the  leas  can 
be  used,  as  the  partlsles  of  cement  itself  must 


coat  all  the  particles  of  Inert  material  or  be 
between  them  to  effect  a  bond.    If  the  parti* 

cles  of  inert  material  are  of  the  same  decree 
Of  fineness,  only  an  equal  amount,  as  com- 
pared with  cement,  can  be  tised.  When  prop- 
erly graded  as  to  fineness  from  five  lo  el^;ht 
times  as  much  by  volume  of  the  flller^may  be 
used. 

The  time  tor  setting  may  be  somevi  bat  re- 
duced by  using  warm  water  lo  very  little  if 
any  excess  and  may  be  retarded  by  havlns 
an  ex(  e.-s  and  Li>  the  use  of  small  amounts 
of  certain  chemicals;  alkaline  substances,  for 
instance,  delay  the  setting  of  Portland  ce- 
mi'ni  and  iilastcr.  In  nome  cases  the  entire 
amount  of  water  cannot  be  used  at  once  or  it 
dries  out  somewhat,  so  that  subsequent  wet- 
ting is  necessary. 

3.  Setting  by  Cooling. — In  this  class  are 
considered  cements  and  lutes  whidb  are  ap-^ 
pliid  in  the  melted  state,  such  as  resinft, 
waxes,  bituminous  bodies,  solid  fats  and  sul- 
phur. The  great  advantage  of  using  materi- 
als in  this  way  is  that  there  is  no  loss  in 
density  as  is  generally  the  case  where  the  set- 
ting takes  place  by  evaporation.  The  work 
tliey  are  applied  to  should  bo  hot,  however, 
or  the  setting  is  interfered  with. 

If  the  pieces  of  apparatus  to  be  Joined  are 
small  It  i.s  usually  well  to  heat  them  well,  as 
applying  the  cement  hot  is  not  enough  to  in- 
sure a  fused  union  of  cement  and  work. 

Inert  substances  are  almost  invariably  used 
la  admixture  to  make  the  cement  harder, 
stronger.  Ull  voids  and  to  ctieap«i  It.  Clay, 
sand,  asbestos,  cement,  plaster,  whiting,  etc., 
are  used  la  this  connection. 

Sometimes  there  is  a  subsequent  chemical 
action,  as  when  acid  resins  are  used  with 
flilers  of  a  more  or  less  basic  character,  such 
as  metallic  oxides  or  carbonates. 

4.  Setting  by  Oxidation. — This  may  take 
place  In  oU  used  or  In  powdered  metal.  In 
the  ease  of  oil  there  Is  an  effect  of  hardening 
and  consequent  setting.  With  metals  it 
causes  an  expansion  due  to  Increase  of  vol- 
ume. The  commonly  used  oils  acting  in  this 
way  are  Chinese  wood  oil,  linseed  oil,  rape- 
seed  oil  and  fish  oils.  In  the  case  of  Chinese 
wood  oil,  the  oxidation  is  so  energetic  that 
it  is  generally  best  to  mix  it  with  some  other 
Oil.  Linseed  oil  is  almost  always  previously 
"boiled"  before  use  and  rapeeeed  oil  **blown." 

With  regard  to  the  metal  powders,  iron  is 
the  chief  one  used,  although  precipitated  cop* 
per  has  been  used  and  other  metals  might  he 
tor  special  purposes.   The  Iron  used  is  Inva* 
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riably  th«  powder  resulting  from  the  eruih* 

in^  and  sorting  of  cast  borings,  fllin^rs  or  mill- 
ings. Tbey  sbouid  be  nearly  free  from  oil, 
and  the  cement  has  the  greatest  expanslTe 
power  when  In  a  finely  divided  condition. 

The  value  of  these  cements  depends  on  the 
expansion  taking  place  In  a  confined  space. 

such  .IS  holes  or  cracks  lu  lastlngs.  This  ex- 
pansion may  be  so  powerful  as  to  break  or 
shatter  the  object  upon  which  it  Is  used.  In 
such  la.'ros  it  tan  bo  diluted  with  clay  or  ce- 
ment. When  the  holes  in  a  casting  are  well 
fllled  with  concentrated  Iron  powder  mol*' 
toned  with  water  containing  a  very  little  salt 
or  sal  ammoniac  the  particles  adhere  so  firmly 
and  the  actual  oxidation  is  so  limited  In  ao- 
tnal  amount,  that  the  casting  can  be  flnishod 
and  not  show  where  it  was  mended.  Further- 
more^ the  cement  is  not  dislodged  by  any 
ordinary  means. 

6.  Setting  by  Vulcanization. — ThU  takes 
place  where  fresh  rubber  is  used  as  a  cement 

in  conjunction  with  sulphur  or  certain  com- 
pounds of  the  same  and  heated  to  about  120° 
C,  which  renders  the  rubber  inaolnble,  firm 
and  causes  it  to  lose  its  stickiness.  Vegetable 
drying  oils  may  be  used,  such  as  rapeseed 
and  Unseed  oils,  with  sulphur  elilorlde,  dte> 
solved  In  carbon  disulphide,  as  a  vulcanizing 
agent.  Hydrochloric  acid  gas  is  liberated  in 
this  reaction  and  so  sine  oxide  or  a  similar 
La.se  l.«  generally  used  to  neutralize  the  acid. 
In  the  vulcanization  of  rubber  itself,  such 
precaution  must  be  taken  when  anlphur  or 
anlphur  chloride  is  used. 

C.  Setting  by  Chemical  Action. — Under  this 
clat>ttilication  wo  have  several  of  the  most  use- 
ful cements  known.  In  most  cases,  however, 
tbe  action  is  too  rapid,  so  tbat  setting  takes 
place  before  tbe  cement  Is  In  position.  Dilu- 
tion of  the  active  ingredients  is  the  general 
remedy  for  this.  There  are  also  spwiflc  onetf. 
As  examples  of  the  most  useful  cements,  the 
oxy-ehl6rldes  may  be  mentioned,  which  re- 
main nicely  liquid  or  plastic  for  ample  time 
to  use  and  then  set  up  very  strong  and  hard. 
The  well-known  glycerine-litharge  cement  acts 
nicely  In  this  respect.  Cements  formed  from 
silicate  of  soda  and  oxides  of  lime,  magnesia, 
zinc,  etc.,  and  those  formed  by  the  action  of 
their  oxides  on  casein  and  albumen  do  not 
act  so  well.  They  are  liable  to  set  up  too 
soon  and  be  crumbly  when  set  up. 

7.  Setting  by  Combined  Action. — The  most 
prominent  case  of  this  kind  Is  the  setting  of 
gins.  In  the  flrst  place  wh>>n  us^d  it  is  a 
melted  mass  that  on  cooling  has  fair  strength 


of  coherence  and  adherence.   Then,  however, 

as  the  water  is  absorbed  by  the  wood  or  other 
material  being  oementedj  it  becomes  stronger 
until  very  great  strength  is  developed  when 
free  of  water. 

Other  cases  are  when  a  solvent  or  heat  la 
used  with  a  resin,  boiled  oil,  etc..  mixed  wttb 
a  metallic  oxlde  such  as  lime.  There  Is  then 
the  combined  action  of  the  evaporation  and 
tbo  formation  of  n«w  oomponnda  or  ao-called 
meulUe  soaps, 

INERT  SUBSTANCES. 

These  useful,  harmless  substances  do  not 
make  a  cement,  but  so  many  formulas  differ 
only  in  the  choice  of  them  that  It  might  be 
supposed  they  did.  Sometimes  a  little  work 
Is  required  of  them,  as  when  there  Is  a  little 
water  to  be  taken  up.  Plaatar  and  Portland 
cement  serve  this  purpose.  Zinc  oxide  and 
other  basic  substances,  while  mainly  serving 
as  fillers,  absorb  acid  In  addition.  In  most 
cases,  however,  no  action  of  this  kind  Is  re- 
quired and  it  is  merely  a  matter  of  giving 
body  or  other  physical  propertfas. 

A  dasalllcatlon  of  flUera  may  ba  made  aa 
follows: 

Oorractlve.  Porona. 

Portland  cement.     Infusorial  earth. 
Plaster  of  Paris.      Magnesium  carbonate, 
2tnc  oxlda. 

I.lme. 
Whiting. 


Strangth. 

Asbestos. 
Hair. 

Pluah  trtmnlngs. 

Cloth. 

Tow. 

Oakum. 


FlBely  DIvldad. 

Cement. 
Clay. 
Plaster. 

Gypsum. 
Whiting. 
Sllioa. 

Powdered  Rlass. 
Powdered  Iluorspar. 

COMPOSITION  OF  CEMENTS. 
Cements  that  liave  come  Into  ima  to  any 
extent  may  bo  placed  in  classes  according  to 
their  composition  as  follows: 

1.  a.  Rubber  solutions. 

b   Gutta  percha  solution. 

c.  Pyroxylin  solution  (collodion). 

d.  Oum  realn  solutions  (auidi  as 
tic  and  copal). 

2.  Silicate  of  soda  and  neutral  fillers. 
}.   a.  Flour  pastes. 

b.  Starch  pastes. 

c.  Dextrin  pastes. 
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d.  Qan  nlutlons  (tueh  m  a»blc«  tnig- 

■1.     a.  i^laiiter  of  Faria. 
b.  Portland  OMnent 

6.  a.  Bitumens  (pitch,  tar,  uspbalts.  etc.). 
b.  libuluH    (reslu    and   guiu    resin  ia 

melted  state). 

o.  Sulphur. 

d.  Shelluc. 

e.  Rubber  and  gutta  perdia,  melted  or 

thinned   with  oil. 
<].     Iruu  puwdcr  coLUputtlliuus. 

7.  Drying  oil  mixtares. 

8.  Oxy-c-hlorldp  cements, 

d.    Glycerine  and  sugar  compounds  of  lead. 

10.  a.  Glue. 

b.  Casein. 

c.  Albumen. 

11.  Cements  made  from  metallic  oxides  and 

stroopr  Jirlds. 

12.  s.  Vitreous  and  vitrifying  mixtures, 
b.  Clay  and  asbestos,  etc.,  with  water. 

Class  1 — a,  b  and  e  are  espedally  water* 

proof,  totiRh  nnrt  tenacious,  d  is  not  so  te- 
nacious but  answers  the  other  requirements, 
adheres  better  to  smooth  surfaces,  has  greater 
hardnfss  when  .<?rt,  and  is  tr.Tiisparcnt  In  thin 
layers  In  which  it  is  frequently  used  for  opti- 
cal purposes.  a«  h  and  c  are  generally  made 
up  with  fillers  to  prpront  the  formation  of 
Toida  on  the  evaporation  of  the  solvent. 

Class  2.  Not  waterproof,  but  form  Tory 
dense,  hard  and  h^tronfi  lutes.  Especially  good 
for  hot  gaaes,  in  which  case  the  water  of  the 
ellleate  can  po  off.    Tbey  are  useful  for  or- 

j^aiiir  solvents  and  Htlrk  only  too  welt  to  glass. 
Suitable  fillers  are  barytes,  whltingi  silica, 
powdered  glass  and  powdered  fluorspar.  The 

three  latter  probably  Klu\vi.\  reast  with  tbe 
Bilk-ate  with  bpnofli  lal  results. 

Class  3.  Are  used  for  fusleniug  paper  and 
Cloth. 

Class  i.  This  l.s  a  most  Important  class, 
a  is  generally  used  without  filler,  although 
frequently  mlwd  wftb  alum,  etc.,  for  par* 
pos'^s-  of  Incroaslnpr  the  density.  It  is  used 
for  filling  hollow  articles,  moulds,  etc,  b  is 
the  most  used  of  all  cements.  It  Is  made 
into  concrete  for  VnilIrtlnK  purposes,  etc.  For 
use  in  small  amounts  it  Is  not  successful  as 
the  water  dries  before  It  can  set. 

The  making  of  cement  concrete  waterproof 
is  an  art  not  understood  by  all.  The  main 
points  to  be  considered  are  to  have  the  voids 
a.s  few  as  possible  and  the  <l.'nse  matlnn:  on 
the  side  the  water  would  enter.    Neat  cement 
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la  probably  most  used  for  this  denser  coat- 

Inpr.  It  should  be  used  as  strong  as  it  will 
flow  well  into  crevices  and  hot  if  po&sible. 
The  condition  of  the  work  and  the  kind  of 
cement  are  important.  It  Is  waterproofed  heat 
when  fresh,  and  if  washes  such  as  bilicute  of 
aoda,  skimmed  milk  and  casein  solution  are 
used  an  over-limed  cement  is  desirable.  Mag- 
netiia  cemeul  has  been  recommended  for  this 
purpose,  but  the  chloride  Is  liable  to  soak  In 
and  not  combine  properly  with  the  oxide. 

Class  b.  This  is  a  very  important  class,  if 
the  number  of  formulas  are  a  criterion.  The 

materials  must  be  applied  in  melted  condi- 
tion. The  marine  glues  are  made  from  ma- 
terials of  this  class.    Bnlpbur  Is  much  ussd 

by  Itself  and  sealing  wax  Is  also  Of  this  class. 

Class  6.  The  use  of  this  material  has  been 
referred  to  above.  * 

Class  7.   Pvtty  ttid  red  lead  oomposltlone 

are  among  the  heat  known  cements.  Boiled 
linseed  oil  is  invariably  used  and  If  resin  is 
dissolved  In  It  sad  metallic  oxides  mixed 
therewith  a  much  thicker  composition  Is  ob- 
tained thereby  than  otherwise.  When  films 
of  linseed  oil  are  very  much  oxidised  by  expos- 
ure  to  heated  air  and  mixed  with  powdered 
cork,  eta,  linoleum  can  be  produced. 

Class  8.    Oxy-chloride  of  sine  has  been  used 

for  dental  puri)o.ses  and  forms  a  very  dense 
strong,  stone-like  ccmenu  Ojc^'-cliloride  of 
magnesium  Is,  however,  more  used,    as  tho 

ingredients  arc  cheaper.  It  is  used  (or  unit- 
ing particles  of  stone  either  for  refacing  the 
same  or  making  an  artlfldal  stone,  and  for 
making'  compositions  with  aswdoat  for  a  kind 

of  tloor  tiling. 

Class  9.  This  class  Ik  a  valuable  one,  em- 
bracing the  well  known  glycerine  and  lUhaive 
cement,  much  used  for  joining  glass  to  mei- 
als,  etc.  It  is  waterproof,  acldproof,  gas- 
proof and  not  attacked  by  organic  solvents. 

Class  10.  ra.seiii  and  albumen  fmni  very 
strong  compositions  with  Ume.,  zinc  oxide,  etc. 
They  set  up  very  quickly,  so  must  be  used  at 
once.  They  are  more  In  the  nature  of  lutes 
than  cements,  properly  considered. 

Class  11.    The  combination  of  sine  and 

otiiiT  oxides  ;ind  plio.'-ijhoric  acid  ntands  for 
this  class.  It  is  much  used  by  dentists  and 
forms  a  bard,  dense,  waterproof  substance. 

Cla-'-  12.  This  c'as.s  Includes  ^lass  pow- 
ders or  glass  forming  mixtures  that  bind  sur- 
faces at  high  temperatures. 

with  a  view  of  chooslnc  a  cement  only  the 
most  general  statements  can  be  made  here. 
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The  following  Buggestions  may  be  of  use, 
however,  the  numbers  referring  to  Uie  classi- 
fication gtven: 

Hot  surfaces,  2,  4b,  •»  10  msd  It. 

ElasUc,  la«  lb. 

Watsr  and  »tiMn»  6a,  6b,  6«,  9,  7  moA  t. 


^9 

Strength,  2,  4b.  8.  9,  10»  and  IS. 
Sxpandlng,  4b  and  6. 
Qnlok  aeCtfiis.  10. 

Acldproof,  la,  lb.  Ic,  2,  oa,  ftb,  fic,  5e,  9. 
High  temperature  (moderate).  4b,  9, 
mgh  temperature  (ex«ea«lTe).  13a.  12b. 


THE  APPUCATION  OF  HIGHLY  SUPER^ 
HEATED  STEAM  TO  LOCOMOTIVES 

By  ROBERT  GARBE 

rROU  "THB  BNOmnit,"  LONDON 


Among  the  impruvementa  la  locomotive  con- 
BtructioQ  none  has  excited  greater  lDter<-st  Id 
professional  oircles  thaa  the  application  of 
highly  superheated  steam  In  current  locomo- 
tive practice.  Ten  years  ago  few  even  among 
the  most  far-seeing  of  practical  locomotive 
engineers  were  willing  to  admit  of  the 
possibility  of  permanently  and  regularly 
producing  steam  at  temperatures  of  580" 
to  060*  F.  within  the  restricted  capacity 
of  the  ordinary  locomotive  boiler,  and  of  its 
safe  and  economical  application  to  the  ordin- 
ary running  of  the  engine;  while  at  the  pres- 
ent time  it  has  found  successful  application  in 
more  than  two  thousand  locomotives,  if  we 
Include  those  In  construction  with  those  ac- 
tually running.  Dry  or  moderatoly  super- 
heated steam  haa  l»een  tried  on  different  oc- 
casions, but  without  realising  any  notable 
economic  advantage  in  priictiie;  and  it  was 
not  until  Mr.  William  Schmidt,  nf  Cass^l,  had 
developed  practical  methods  of  applying  high 
superheat  tbat  its  use  became  possible  in  sta- 
tionary engines  about  1880,  while  Qtteen  years 
later.  In  1805,  the  first  steps  were  taken  In 
extending  it  to  locomotives.  In  the  latt'  r  lou- 
nectlon  special  notice  must  be  taken  of  the 
serrtcee  of  the  Pruralan  State  Railway  depart- 
ment, which,  on  the  author's  sut;ge!?lion,  was 
the  first  to  sanction  trials  of  the  Sclimidt  sys- 
tem on  a  targe  scale  on  the  locomotives  under 
Its  control. 

From  the  beginning  of  these  trials  it  be- 
came apparent  that  an  effective  locomotive 


superheater  could  only  be  realized  by  making 
it  u  closely  connected  IntegrHl  part  of  the 
boUer  itself,  receiving  its  heat  from  the  live 
flames  of  the  fire-grate  and  not  from  waste 
gases  or  an  Independently  fired  apparatus. 
This  fundamental  principle  has  l>een  retained 
in  all  the  Schmidt  locomotive  superheaters,  as 
well  as  in  the  numerous  modUlcatloiiB  dertftd 
from  them. 

PROPBRTISS     AND      ADVANTAafiS  OF 
HOT  STEAM. 

Hot  Steam. — ^According  t6  Schmidt  the  term 

"hot  Hteani"  Is  to  be  understood  as  meaning 
steam  that  has  been  raised  to  100°  C.  (180" 
F.)  above  Its  proper  saturation  temperature, 
by  Kubjettlng  the  steam  to  extra  heating  In 
an  enclosed  vessel — the  superheater — -which  Is 
In  communication  with  the  steam  generating 
space  alone,  but  Isolated  from  tlu'  wuier  In  the 
boiler.  Tills  has  the  effect  of  drying  and  in* 
creasing  the  temperature  of  the  steam  pro« 
durt^rt  by  the  Initial  evaporation  whereby  its 
volume  is  increased,  but  without  augmenta- 
tion of  Its  Initial  pressure.  An  appredatlon 
of  the  method  of  producing  and  using  the 
superheated  steam  will  be  much  facilitated  by 
a  preliminary  consideration  of  the  more  lm> 
portanf  proportles  In  whUh  It  differs  from  sat- 
urated steam,  as  contained  in  the  following 
paragraph: 

Specific  Voluiue.  The  .«peclflc  volume,  i.  e.. 
the  volume  per  unit  of  weight — cubic  feet  per 
pound  or  cubic  meters  per  kilogram — of  sat^ 


uiyitized  by  Google 


30 


THE  ENGINEERING  DIGEST 


urated  steam  diminishes  with  increase  of  tem- 
perature and  pressure,  while,  ou-  the  other 
band,  V  the  volume  of  superheated  steam  in- 
crease nearly  directly  in  proportion  to  the 
rise  In  temperature.  Thus,  for  steam  of  18S 
lbs.  per  sq.  In.  pressure  abeolute — 

M   S74*  482*  972*  «9S*  P, 

th»  tpeeme  volume  ti  S.4B  2.8B  S.14  S.M  tn.tt.vn  lb. 

Or  for  a  superheat  of  200"  the  incroiis..  in  spe- 
cific volume  is  approximately  25%.  For  tbc 
same  eut-off  In  the  cylinder,  therefore,  the 
weight  of  steam  required  Is  about  2o'.',  less 
with  200"  superheat  than  with  saturated  steam 
of  the  same  pressure. 

Thermal  Conductivity  of  Superheated  Steam- 
— This  augmentation  of  volume  is,  however,  a 
lesa  important  advantage  than  that  realized  by 
the  suppression  of  all  cylinder  rondensatlon 
when  the  superheat  is  sufflciently  high.  While 
under  ordinary  average  working  conditions 
with  saturated  steam  abn\it  SoC'  of  the  total 
Quantity  admitted  Is  Immediately  precipitated 
without  doing  any  medianical  work,  and 
passes  through  the  enpiiin  as  suspended  water 
in  the  steam;  hot  steam,  on  the  other  bond, 
nay  by  reason  of  its  reserve  heat  l>e  reduced 
considerably  in  temperature  without  losing 
any  of  its  capacity  as  a  working  agent.  In 
this  direction  another  important  advantage 
coines  into  play,  namely,  its  low  thermal  ron- 
ductlvity.  Highly  superheated  in  contradts- 
tlDction  to  saturated  steam  Is  a  bad  conductor 
of  heat.  This  property,  which  la  of  great 
value  in  reducing  the  lews  by  cooling 
in  the  eyUnders,  Is,  on  the  other  band,  an 
obstac  le  to  the  free  transmission  of  the  heat- 
ing agent  to  the  steam  in  the  superheater,  and 
calls  for  special  consideration  In  the  design  of 
the  latter. 

Calorific  Value. — Total  Heat  Value. — In  or- 
der to  realise  the  great  economical  advantages 
of  hot  steam,  increased  volume  and  avuldame 
of  cylinder  condensation,  a  certain  beat  ex- 
penditure is  required  which  must  be  debited  to 
the  saving  due  to  the  above  items. 

The  beat  necessary  to  raise  1  lb.  of  satur- 
ated ateam  from  Its  proper  temperature  t«  to 
the  higher  temperature  t  det;.  P.,  is 

W,  =  t;,  tt-t.)  B.T.U. 
Cp  being  the  specific  heat  of  the  superheated 
steam  under  constant  pr'Ssuri-. 

Putting  W  to  the  quantity  of  heat  con- 
tained per  pound  of  ateam  saturated  at  the 
partleular  pressure  as  contained  In  Regnault's 
tables, 

W,  =  W  +  W,=W  +  C»(t  — t.) 
expresses  the  heat  value  of  the  superheated 


steam;  that  is,  the  total  heat  contained  in  1 
lb.  of  the  steam  superheated  to  the  tempera 
ture  t. 

Slie  of  Superheaters. — The  heat  require- 
ments of  the  superheater  are  not  limited  lo  the 
amount  W,  necessary  for  supplying  the  actual 
superheat,  but  must  be  supplemented  by  the 
quautity  required  (or  evaporating  paiilcles  of 
water  carried  over  meebaatlcally  in  the  super- 
heater. 

Assuming  a  degree  of  humidity  iu  ihti  Luller 
steam  of  1%.  which  for  ordinary  locomotive 
working  conditions  is  certainly  not  excessive, 
the  heat  demand  for  the  production  of  i  tb. 
of  steam  at  170  lbs.  pressure  (absolute)  and 
672"  P.  temperature  from  the  heating  sur- 
faces of  boiler  and  superheater  respectively 
will  be  as  follows: 

Fltom  the  holler-heatlne  snrfaee^ — 

B.T.U. 

0.98  lb.  dry  saturated  steam 

0.93  X  1,194.3  =   1.111 

0.07  lb.  water  at  saturation, 
temperature,  0.07  x  340.5  —  24 

  1,1S5 

From  the  supprhrator — 

Evaporation  of  0.07  lb.  water 

at  S68.S*  P.,  0.07  x  8B3.8...  00 

Superheating  1  lb.  dry  steam 

by  204°  P.,  0.541*  x  204.  .     110  170 


Total  heat  required  for  1  lb. 

hoi  steam    1,305 

of  which  170.  or  12%.  Is  required  for  the 
superheater. 

In  the  normal  locomotive  holler  with  a  nar- 
row and  deep  fire-box  having  about  10%  of 
direct  heating  surfsce,t  about  409^  of  the  to- 
tal he;i'  1^  developed  in  the  fire-box  and  the 
remaituuK  H^.o  in  the  tubes.  The  superheater 
surface  therefore  must  be  1896  of  80»  or  82% 
of  the  total  ttihe  Biirfaee;  nnd  when  it  is  fur- 
ther considered  that  the  best  part  of  the  lat- 
ter, that  Is,  tn  the  aelgbboitiood  of  the  fire- 
box tube  plate,  is  iinavallahle,  being  previ- 
ously reserved  for  evaporative  use,  it  will  be 
readily  understood  that  in  order  to  obtain  a 

ptiftieient  snperheat,  from  25  to  nf  the  to- 

tal tube  surface  of  the  boiler  must  t»e  appro- 
priated to  that  use. 

It  alnD  foPnws  from  what  has  been  pre- 
viously advanixd  timt  when  the  domand  dur 

■Frou)  r<Mil:>  obuirioil  by  Knat>laucb  aDd  Jakob-iict 
fiugt  i4'.i.  Vol.  II..  Technical  UteratUK. 

iTUn  <>x<-iude»  from  ronsitfcniton  Amtriean  fonns  of 
boil»r.  which  hav^.  aa  a  mto,  onlr  craipsratlvilr  tmaU 
direct  bcJtlns  »urface. 
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to  supplementary  evaporatloD,  which  Is  prac- 
tically coostant,  is  taken  Into  account,  it  by 
no  meana  foltowa  that  auperheated  aurface  la 
directly  proportional  to  the  desree  of  auper- 
heat.  For  example,  for  only  halt  the  heat, 
aajr.  to  478*  F.,  eonalderabtjr  more  matk  !• 
called  for  tlian  would  ho  furnished  by  a  super- 
heater of  only  half  the  heating  aurface. 
OBNBRATION  OF  HIQHLY  BUPBRHBATBD 
STEAM   IN   LOCOMOTIVE  BOILERS. 

The  valuable  property  of  bad  thermal  con- 
dactlTlty  diaraeteriattc  of  highly  saperheated 
steam  Is  a  source  of  Kreat  difficulty  in  its  pro- 
duction. Steam  with  only  a  modeiate  super- 
heat Is  generally  mixed  with  particles  of  water 
or  damp  steam,  and  tin?  better  ttiernial  con- 
ductivity of  the  latter  facilitates  degradation 
of  the  mixture,  and  this  tendency  only  dls- 
appeais  when  the  superheat  U  snfflolently 
high.  It  is  not  sufficient  to  supply  heat  in 
approximate  quantity  through  the  superheater 
walls,  but  means  imiet  be  adopted  to  Insure 
that  the  heat  so  supplied  ia  brought  into  con- 
tact with  the  IndlTldual  particles  of  the  steam 
current  as  It  flows  throuKh  the  tubes  until  each 
one  is  brought  from  the  saturated  to  the 
saperheated  state.  This  requires  that  steam 
eoriiInK  in  bulk  from  the  boiler  shall  be  di- 
vided into  numerous  thin  streams  which,  by 
eomU'nattoa  with  multiple  reversals  of  direc- 
tion, may  insure  that  moist  and  superheated 
particles  shall  be  thoroughly  mixed  in  their 
passage  through  the  superheater  tubes. 

It  is  further  necessary,  having  regard  to  the 
low  conductivity  of  superheated  steam,  that 
in  order  to  effect  the  aeeessary  heat  transfer 
to  the  rapidly  flowing  steam  particles  In  the 
superheater,  a  high  temperature  difference 
shall  preTall;  that  Is,  the  appllcattoo  of  highly 
heated  gases  Is  essential. 

If  the  steam  is  only  improperly  heated,  that 
Is,  If  It  contains  both  superheated  and  wot 
portions,  the  temperature  ludicated  Iiy  the 
thermometer  will  be  that  of  the  average  of  the 
atxture,  and  it  will  therefore  be  erroneons  to 

assume  that  f^ii:  will  Ito  that  of  the  steam  as 
a  whole  couaidered  as  at  a  uniformly  medium 
superheat.  In  reality,  saturated  steam  par* 
tides,  with  their  ijn  judiclal  tendency  to  the 
cooling  of  the  superheated  portions,  are  still 
present,  and  the  anticipated  eoonomte  advan- 
tage in  the  engine  can  only  be  Imperfectly 
realized.  * 

According  to  the  author's  experience,  an 
average  temperature  of  STO"  P.  in  the  slide- 
valve  chest  must  be  attained  in  order  to  insure 
the  homogeneity  of  the  superheated  steam  or 


its  freedom  from  interml.xed  damp  or  satur- 
ated portions;  repeated  trials  having  shown 
that  the  coal  and  water  consumption  are  de- 
cidedly increased  whenever  the  t«'iiiperature 
falls  below  that  level  to  any  appreciable  extent. 

The  essential  conditions  determining  the 
saving  In  fuel  are  to  be  deQued  as  follows: 

1.  The  difference  in  speciHc  volume  be- 
tween the  two  kinds  of  steam. 

2.  Their  different  heat  values. 

3.  The  humidity  of  saturated  steam. 

4.  The  alteration  In  cooling  losses  In  con- 
sequence of  the  higher  temperature  and  lower 
thermal  conductivity  of  superheated  steam. 

5.  Changes  In  the  relations  of  Hrlng  and 
blast  pipe  conditions  and  in  the  fhermal  radia- 
tion of  the  boiler. 

Of  these  polnta  the  last  three  cannot  be 
brought  Into  calculation,  and  therefore  must 
be  excluded  from  the  theoretical  iovcstigation 
of  possible  saving  of  fuel  and  feed-water  whl^ 
involves  the  following  assumptions: 

(a)  That  the  boiler  efficiency  of  both  en- 
gines la  the  same. 

(b)  That  the  engine  is  a  hcat-proof  struc- 
ture not  subject  to  losses. 

(e)  That  the  steam  from  the  nonninper' 
heated  engine  Is  in  the  dry  saturated  state. 

Theoretical  computations  of  the'  thermal 
economy  are  only  possible  when  the  points 
1  and  2  arc  assnmed  as  bases.    The  results  of 
such  a  calculation  may  be  summed  up  as  fol- 
lows: 

niMMffiCAi.  BooNoirr  in  ocwb  ahd  watbr 

VMKABSJE  BT  SUPBRHBATtMO  STBAtt  tO  VHT 

r.  Foit  CP.  B  a4g  AND  o.e. 

Tbooretlcal  saving, 
atssm  snisaTi  Wat^r.  Co«t. 

«xceM.  Cp.  —  0.4s.  Cr      0 »? 

Per  cent.  Per  cent.  P«r  cent. 

110  tbS.        1  SuperhetttBd  t  ^^-^  2.2 

142  Ita.        Superheated)  4^ 

114  Ito.         t^lpe'rh'watedl  M** 

,  Su,..l„;.t',l  I  ••    Ifl.^  fin 

The  principal  point  of  interest  in  this  table 
la  tb«  clear  manner  In  which  the  value  of 
superheatlni^  is  hrouk?hf  out.  the  highest  abso- 
lute superheat  with  the  lowest  steam  pressure, 
85  lbs.  (572*  -  827*  ^  245*  F.)  Showing  the 
highest  theoretical  saving  both  In  fuel  and 
water. 

The  actual  saving  can,  however,  only  be 

deduced  from  suih  theoretical  results  by  In- 
troducing currectioas  for  the  losses  resulting 
from  cylinder  cooling  and  humidity  In  the  or- 
dinary locomotive,  and  these  must  be  based 
upon  more  or  less  arbitrary  assumptions, 
whereby  the  practical  value  of  the  result  is  en* 
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tlrely  lost.  Tbe  practical  man.  therefore,  caQ 
only  rely  safely  upon  tbe  results  obtained  in 
propery  coiidu«t«d  trial  tilpi. 

kaulino  capacity  of  the  hot  stbaic 
locomotive:. 

(d)  To  addition  to  the  MVlog  In  fo«l  and  wa- 
ter, a  further  and  more  important  advantage  of 
hot  steam  working  is  to  be  found  la  tbe  not- 
ably en1iane«d  hauling  capacity  of  ttaa  engine. 

In  comparative  trials  of  a  four-coupled  ten- 

wtteeled,  four-cylinder  compound  agalnat  a 
■Imilarly  coupled  eigbt-wheeled  two-eytlnder 
engiue  wilh  Schmidt  superheater,  doing  equal 
work,  the  latter  lias  often  abowa  a  aavlag  of 
abont  26%  of  coal;  and  wben  by  harder  driv- 
ing about  4  0.1  more  work  was  got  out  of  it, 
the  consumption  was  still  about  10%  less  than 
that  of  tbe  compoand.  From  itt«h  results  (be 
following  simple  practical  coadnaiMis  may  be 
deduced: 

Supposlag  that  for  equal  tractive  effort  In 

the  two  onRines,  which,  li\  the  compomd,  rep- 
resents about  tbe  maximum,  and  in  tbe  super- 
heated engine  only  about  tbe  medtnni  power, 
the  saving  in  coal  by  the  latter  to  be  only 
S0%,  tbe  work  for  equal  quantlti^  of  fuel 
burnt  under  stmllar  condlttona  may,  by  auper* 

100-80 

heating,  be  increased  ■  .  100  —  n%. 

80 

As,  however,  under  present  working  condi- 
tions as  to  !^peed  and  dimensions  In  fotiT-cyl- 
inder  compound  express  engin<»,  about  40% 
of  the  Indicated  horse-power  developed  In  the 

cylinders  is  consumed  in  engine  and  running 
resistances,  leaving   only   60s   for  drawbar 

26  X  100 

effort,  the  26%  beeomee  or  about  *9% 

60 

at  tbe  drawbar.  An  Increase  which,  as  already 

stated,  bas  been  repeatedly  obtained  in  com- 
parative trials.  When  tbe  comparison  is  made 
with  a  two-cylinder  engine  of  about  the  same 
or  somewhat  larger  weiKlit,  the  advantage  Id 
favor  of  superheating  is  stlU  more  marked,  it 
being,  of  course,  oaderstood  that  the  cylinder 
diniensiona  and  Superheating  conditions  are 
correct. 


We  have,  therefore,  in  superheating  a  means 
of  meeting  the  continuously  Increaning  demand 
for  higher  speeds  and  heavier  trains  without 
having  recourse  to  abnormal  increase  in  the 
dimensions  of  locomotive  engines  and  boilers 
upon  those  now  current. 

In  ordinary  working  the  saving  of  coal  by 
superheating  is  somewhat  less  than  that  shown 
In  comparative  trials,  where  a  principal  pur- 
pose is  the  determination  of  tbe  maximum 
tractive  power  of  tbe  engine  under  trial.  When 
this  point,  which  has  been  the  subject  of 
numerous  rritidsms  in  professional  circles,  as 
determining  the  true  value  of  superheating,  is 
couBidered.  It  must  be  remembered  that  in  cur- 
rent working  tbe  time-tables  are  so  arranged 
.that  the  saturated  steam  locomotives  msy  mn 
under  comparatively  economic  conditions  at  or 
near  their  full  power  while  the  more  power- 
ful superheated  engine  of  the  same  weight 
would  be  doing  the  same  work  with  consider- 
able reserve  power.  When,  however,  the  wet 
steam  engine  Is  beyond  Its  normal  power  tbe 
point  of  exhaustion  is  approached,  coal  and 
water  are  blown  out  of  the  chimney  unused, 
and  the  only  resoaree  left  Is  double  heading. 
Tbe  superheating,  therefore,  is  to  be  regarded 

not  merely  in  the  light  of  saving  25.  to  30%  of 
coal,  but  as  a  certain  security  agalnat  the 

wasteful  and  objectionable  pra  ii  i'  of  using 
two  engines  in  front  of  one  train. 

The  principal  advantage  of  bot  steam,  there- 
fore, la  to  be  realized  with  heavy  loadis  at  very 
high  speeds,  as  with  increase  of  speed  the  work 
consumed  in  engine  and  air  reelstanoes  con- 
tinuously incrcHiies,  and  these  resistances  are 
considerably  lower  in  tbe  plain  superheated 
steam  engine. 

The  considerable  augmentation  in  working 
capacity  by  superheating  which  bas  been 
found  In  all  trials  hitherto  carried  out  is  of 
much  greater  Importantf  to  the  locomotive  de- 
partment than  even  tbe  largest  saving  in  coal 
and  water,  and  should  be  the  point  of  primary 
conHliloratioii ,  and  tlie  more  so  as  the  eiiual 
economy  (or  minimum  as  well  as  maximum 
work  would  allow  of  a  reduction  In  the  num- 
ber of  different  classes  of  engines  In  use  for 
different  services. 
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FLUE-GAS  ANALYSIS:  ITS  VALUE 


By  J.  W.  HAYS 

CONOBNmO  FROM  "POwaR" 


Much  is  b«ing  said  aud  written  about  flue- 
Su  analjrslB.  mnd  autAinatle  InstruiBmita  for 
the  nnalycils  of  gases  have  recently  appeared 
upon  the  market.  The  prominence  with  which 
the  matter  to  Mug  brought  before  tbe  en- 
Rlneerinp  eye  cause*?  an  Inquiry  Into  the  real 
economic  value  of  gas  analysis  to  be  charKed 
wltli  purtieular  pertlnenee  at  tble  time.  As 
the  value  of  It  is  over-estimated  In  some  quar- 
tern and  under-eatlmated  in  others,  the  In*, 
qufry  assumee  even  more  Importanoe. 

The  Impression  Is  too  widely  prevalent  that 
a  machine  for  analysis  and  a  bole  in  the 
breeching  for  n  eampUng  pipe  are  all  the 
equipment  an  engineer  requires  to  render  him 
expert  In  the  regulation  of  the  furnace  fires. 
Of  what  value  is  an  Indicator  diagram.  If  the 
engineer  is  unable  to  read  It?  Of  what  value 
is  the  chart  from  a  CO,  recorder,  if  the  en- 
gineer is  unable  to  Interpret  it  eorreetlyT  To 
tap  the  gas  passages  at  any  point,  such  as  tbe 
breeching,  and  find  any  given  percentage  of 
00|  (49(i,  for  Instance)  does  not  neeesMtlly 
Indicate  anything  as  to  furnace  performance. 
Correctly  Interpreted,  the  results  from  an 
analysto  of  the  eeeaplng  fine  gases  mtj  be  of 
the  highest  value  to  the  engineer.  It  is  only 
by  such  analysis  that  tbe  highest  economy  In 
fnmaoe  operation  majr  be  attained  and  maln> 
tatned. 

To  increase  furnace  efiBiciency  la  the  sole 
aim  and  end  of  line-gas  analysis.   It  is  not 

concerned  with  any  other  consideration.  When 
a  quantity'  of  air  Just  sutHcient  for  the  op- 
erations of  combustion  to  permitted  to  enter 
tbe  furnace,  efficiency  •will  he  at  thr  highest 
point  attainable.  It  the  air  supply  is  decreased, 
combustion  will  be  Incomplete.  Unutilised 
heat  units  will  go  up  the  chimnry.  If  the  air 
supply  is  increased,  the  excess  air  will  cool  the 
furnace  Iqr  the  absorpUoa  of  beat  unite,  and 
energy  that  might  otherwise  express  Usplf  at 
the  piston  of  tbe  engine  will  be  wasted  upon 
the  atmoephere. 

Oxygen  constittites  nhont  of  tho  air  h> 

volume.  If  carbon  should  be  burned  with 
only  the  theoretical  quantity  of  air,  all  of  the 
oxygen  would  unite  with  carbon,  and  we  s-houUl 
have  2l'/c  of  carbonic  acid  gas,  or  CO,,  in  tbe 
escaping  chimney  gMes.    As  some  surplus  air 


is  necessary  in  actual  furnace  operation,  owing 
to  the  dlffleulty  of  securing  a  prompt  and  thor* 
ough  mixture  of  tbe  admitted  air  with  the 
combustible  furnace  gases,  we  are  forced  to  be 
aatlslled  with  a  maximum  of  from  IS  to  17% 
CO,  and  a  minimum  of  from  4  to  6%  free 
oxygen.  Anything  abort  of  these  figures  rep- 
resento  something  less  than  possible  attain- 
ment.' When  all  the  exigencies  connected 
with  boiler  furnace  operation  are  considered, 
an  average  for  tbe  day's  run  of  12%  00b  may 
be  fO'itifed  very  satisfactory.  The  average 
steaui  pUut  will  be  unable  to  show  an  excess 
of  T%.  Thto  to  the  ellldency  of  ordinary  meth- 
ods of  furnace  operation. 

With  a  proper  instrument  for  gas  analysis 
correctly  operated  and  the  ilndlngs  under* 
standingly  Interpreted.  12^  CO,  can  be  easily 
attained.  The  difference  in  economy  between 
12%  and  7%  is  around  11%  in  fuel. 

It  is  most  unfortunate  that  bulldfrs  of 
automatic  instruments  for  furnace-guti  auaiy- 
sto  have  so  riveted  their  eyes  upon  the  COb 
that  the  importance  of  oxygen  determination 
has  completely  escaped  them.  Oxygen  Is  the 
cause,  the  other  elemento  represent  tlm  effect. 
If  the  oxypon  content  Is  what  It  should  be,  the 
proper  amount  of  CO,  will  usually  be  found  In 
company.  The  CO,  recorder  determinee  car- 
bonic acid  gas  for  tbe  purpose  of  1nfep<>ntln!ly 
arriving  at  a  conclusion  with  respect  to  oxy- 
gen. The  Inference,  whldi  to  often  wrong, 
might  be  avoided  If  oxygen  were  directly  de- 
termined. 

The  ideal  apparatus  will  determine  and  re* 

cord  both  CO.  and  oxypen.  The  sum  of  the 
percentages  of  these  two  gases  should  ap- 
proximate 21;  if  less  than  21,  the  difference 
may  be  assumed  as  due  to  the  prcspnce  of  car- 
bonic oxide  and  other  combustibles.  Such  a 
sute  of  affairs  requires  either  more  oxygen 
or  better  admixture  of  the  oxygen  with  the 
lombustible  gases.  The  percentage  of  oxygcu 
carried,  as  indicated  by  the  chart  which  ae- 
rnmpanles  such  apparatus,  will  enable  the 
engineer  to  determine  at  once  which  Is  the 
case.  If  tbe  oxygen  exceeds  by  about  6%,  tbe 
fnult  is  due  to  lack  of  mixture;  If  it  is  less 
than  S'.,,  Ihc  fault  is  due  to  lack  of  oxygen. 
The  single  analysis  madiine— that  to,  the 
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apparatus  analyzing  for  and  recording  only 
CO, — registers  the  complaint  that  something 
Is  wrong.  Bttdt  ft  machine  puts  It  "ttp  to"  tbe 
engineer  to  discover  what  is  wrong. 

The  compound  analysis  machine — that  is, 
the  machine  ana^ilag  for  and  recording  both 
C0(  and  oxygen,  when  someone  produces  it — 
will  not  only  Indicate  trouble,  but  tell  the  en- 
gUiMr  where  the  trouble  lies,  whether  due  to 
excess  or  deficiency  of  air  or  lack  of  proper  ad- 
mixture with  the  combustible  furnace  gases. 

If  flue-gas  analysis  is  contemplated  as  a  test 
of  eooBoiD7«  the  location  ot  all  air  leaks  should 


be  the  first  concern  of  the  engineer.  Until 
this  has  been  done,  it  cannot  be  assumed  that 
any  analyses  of  gas  taken  from  the  breeehlns 
are  Indicative  of  the  real  conditions  of  furnace 
performance. 

The  present  movement  toward  gas  analysis 
is  probably  the  most  important  occurrence 
since  the  search  for  economies  was  first  in- 
stituted in  the  boiler  rooui.  Gas  analysis  is 
the  only  conclusive  test  of  furnace  efficiency, 
but  like  every  other  form  of  test  care  must  be 
taken  to  eliminate  all  poeslble  causes  ot  erro* 
neons  condosions. 


THE  PROPOSED  HENRY  HUDSON 
MEMORIAL  BRIDGE 


OONDBNSHD  TROX  "VNOINnnRmO  NBWB'> 


Plans  have  beeu  prt-pured  by  the  Depart- 
ment of  Bridges  of  New  York  City  for  a  con- 
crete areh  bri(l£;o  of  remarkable  size.  Thh;  '.a 
the  bridge  propo:ied  lu  be  u  tercentenary  mem- 
orial of  Henry  Hudson's  voyage  up  the  river 
that  now  boars  his  uame.  It  Is  to  cross  the 
western  end  of  Spuyleu  Duyvii  Creek  (which 
separates  Manhattan  Island  from  the  main- 
land to  the  north)  and  will  form  a  part  of  New 
York  City's  elaboraie  driveway  and  park  sys- 
tem on  the  bank  of  the  Hudson,  the  RlTSnUto 
DrivH,  The  objoct  of  the  brid^r,  to  sorve  as  a 
niouuuieni  of  au  impurtaut  hibtorical  evenl, 
calls  tor  a  monumental  structure,  of  course, 
and  every  endeavor  was  made  in  the  desisn  to 
fulfil  this  need. 

Tbe  movement  for  :i  Hudsnu  celebration  and 
a  permanent  memorial  was  originally  stimu- 
lated by  a  private  at<Bociation  of  citizens,  who 
«arly  settled  upon  a  high-level  bridge  over 
Spuyten  Du>"vil  Creek  as  tli«'  nmst  appropriate 
memorial.  Their  agltatlou  dually  resulted  in 
the  city's  accepting  the  proposal,  and  commit* 
ting  itself  to  the  bridge  project. 

This  design  employs  concrete  for  the  prlncl- 
|Mkl  elements  of  the  structure,  the  width  of  tbe 
span  being  703  ft.  In  the  clear.  In  steel,  a 
span  of  this  magnlUido  is  substantially  wiihia 
the  limits  of  approved  coDBtruction  (tbe  up- 
per Niagara  arch,  840  ft.  c.  to  c.  of  hinges,  is 
the  largest  existing  steel  urch;  the  design  for 
the  Kelt  Gate  bridge  contemplates  a  1,000-ft. 


arch).  But  iu  coucrele  there  Is  nothing  even 
remotely  approaching  in  magnitude  the  pro- 
posed span.  The  Gruuwald  bridge  over  the 
Isar  at  Munich,  Germany,  230  ft.  iu  span,  is 
the  largest  completed  concrete  arch.  The  Wal- 
nut Lane  concrete  arch  bridge,  now  being 
built,  has  u  iilightly  longer  span,  233  ft.  be- 
tween faces  of  abutments.  These  spans  be- 
comp  Insignificant,  even  trivial,  when  com- 
pared with  that  now  proposjed  lor  tbe  Hudson 
Memorial  Bridge. 

A  beff'T  idea  of  the  boldness  of  the  pro- 
posal is  had  irom  a  comparison  with  the  geu- 
eral  field  of  masonry  arch  con.stniction,  since 
the  problems  of  deslfiu  and  crecllou  for  arches 
of  stone  and  eonercie  are  in  a  measure  the 
same.  The  Cabin  John  arch  of  the  Wa.shlng- 
ton  aqueduct,  220  ft.  in  siuiii,  built  about  half 
a  century  ago,  was  for  a  long  Ume  looked  upon 
as  an  exceptional  achievement,  being  the  larg- 
f'st  stone  arch  In  the  world.  Only  in  the  last 
eight  years  has  it  been  exceeded,  and  there  are 
now  three  larger  spans  in  stone,  besides  the 
230-ft.  concrete  arch  at  Grilnwald:  Adda,  2.'?0 
ft.;  Luxemburg,  278  ft.;  and  Plauen.  295  ft. 
In  fifty  years,  designers  bave  ventured  only 
one-third  beyond  the  limits  set  by  the  Cabin 
John  arch,  and  only  in  three  cases  have  they 
found  it  nece3sai.\  .Now.  in  t>ne  leap,  the 
ent  limit  is  tO  be  multiplied  by  two  and 
half. 

The  design  for  this  remarkable  stnictnra 
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can  be  Bummarized  very  simply:  The  arch  has 
open  spandrels,  except  near  the  crown.  The 
concrete  ring  is  725  ft.  in  span  between  cen- 
ters of  skewbacks  or  703  ft.  in  the  clear,  with 
a  center-to-center  rise  of  177  ft.  It  Is  a  mas- 
sive concrete  rib  70  ft.  wide,  with  a  crown 
thickness  of  13  ft.  and  a  thickness  at  skew- 
backs  of  28  ft.  The  rib  is  shaped  to  fit  the 
possible  pressure  lines  so  closely  that  tension 
can  never  occur  in  any  part  of  the  ring.  The 
immense  dead  weiRht  makes  the  influence  of 
live-load  almost  noKllRible,  and  the  possible 
effects  of  temperature  variation,  etc.,  are  rel- 
atively small.  SJeel  reinforcing  ribs  are  built 
in,  however,  primarily  to  reduce  the  compres- 


brldge  and  22  ft.  wide  transversely,  the  two 
being  set  flush  with  the  respective  sides  of  the 
arch  ring,  so  that  a  space  of  26  ft.  is  left  in 
the  center  between  them.  Each  of  these  piers 
is  hollow,  however,  and  is  a  concrete  pier  only 
in  appearance.  It  contains  six  steel  columns 
(four  angles  latticed  in  square  arrangement) 
which  are  each  filled  with  concrete  and  then 
connected  by  a  12-in.  concrete  enclosing  wall 
which  forms  the  exterior  surface  of  the  pier. 
The  concrete  filling  of  each  column  Is  figured 
to  carry  its  share  of  the  load.  The  twelve  steel 
columns  of  each  pair  of  piers  are  connected  at 
the  foot  by  four  transverse  plate-girders,  which 
In  turn  rest  upon  the  reinforcing  ribs  of  the 


Court^sjf  of  '■  Ktn:iuepriii|£  NVwr' 
703-FT.    CONCRETE   ARCH    DESIGN    FOR    THE    HUDSON    MEMORIAL  BRIDGE  OVER 
SPUYTEN  DUYVIL  CRE:EK.  NEW  YORK  CITY. 


sive  stress  on  the  concrete  or  (in  another  as- 
pect) to  reduce  the  dead  weight  of  the  struc- 
ture. The  steel  is  uniformly  distributed  over 
the  cross-section  of  the  arch. 

The  arch  carries  a  double  deck.  The  upper 
or  main  deck  is  a  highway  floor,  80  ft.  wide 
between  railings;  it  has  a  oO-ft.  roadway  and 
two  15-ft.  sidewalks.  The  lower  deck  is  to  carry 
four  tracks  of  a  rapid-transit  railway,  but  as 
no  such  line  is  yet  in  prospect  the  lower  floor 
Gystem  is  not  to  be  put  in  place  at  first,  but 
only  the  necessary  connections  provided  for  it. 
Both  decks  have  steel  framing,  comprising 
plate-girder  stringers  framing  into  fioorbeams. 
The  fioorbeams  are  supported  in  part  by  steel 
columns  which  foot  on  the  steel  reinforcing 
ribs  of  the  arch  and  in  part  by  concrete  cur- 
tain walls  carried  up  to  close  off  the  spandrel- 
spaces  of  the  relieving  arches  (secondary 
arches)  and  the  space  above  the  main  arch- 
ring  in  the  crown  region  where  the  system  of 
relieving  arches  is  interrupted. 

The  posts  or  shafts  over  (he  main  arch  ring, 
between  which  the  relievint;  arches  are  sprung, 
are  each  composed  of  a  pair  of  concrete  piers, 
S  ft.  thick  in  the  direction  of  the  length  of  th» 


main  arch,  and  distribute  through  the  arch 
ring  the  load  of  the  superstructure. 

Thus,  so  far  as  concerns  the  portion  above 
the  main  arch  ring,  the  bridge  is  in  effect  a 
steel  structure,  partly  protected  by  concrete 
and  surfaced  with  a  concrete  floor.  The  con- 
crete-filled posts  and  the  relieving  arches  are 
the  only  exception  to  pure  steel  construction 
in  this  part  of  the  bridge.  The  relieving  arches, 
though  they  serve  to  carry  that  part  of  the 
floor  load  which  comes  down  through  the  span- 
drel walls,  are  mainly  mere  bracing  members. 
The  bridge  is  a  steel  viaduct  carried  on  an  im- 
mense arch  ring. 

The  only  further  details  requiring  mention 
here  are  the  following:  The  relieving  arches, 
spanning  about  30  to  35  ft.  in  the  clear,  have 
reinforced  concrete  rings.  The  deck  of  the 
roadway  consists  of  plain  concrete  arches 
sprung  between  the  stringers.  The  sidewalk 
floor  is  made  of  reinforced-concrete  slabs  sop- 
arately  molded,  and  bolted  on  the  top  flanges 
of  the  stringers.    The  roadway  is  paved. 

The  approaches  to  the  great  arch  are  formed 
of  n  si'.rrpsslon  of  100-ft.  circular  arches,  and 
involv(>  no  features  calling  for  special  remark. 
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The  roadway  on  the  approaches  has  a  grade  of 
1^%  from  either  side  up  toward  the  center; 
over  the  main  span  a  vertical  curve  unites  the 
slopes.  By  adopting  this  gradient,  a  notable 
gain  in  center  height  of  arch  was  secured,  as 
contpnwl  wldi  the  first  design,  and  the  arch 
atrenes  correapondingly  reduced.  The  lOO-ft 
arelieB  are  of  concrete,  probably  unrelnforced. 
The  piers  between  them,  detailed  to  harmon- 
ise with  the  treatment  of  the  two  main  piers, 
are  faced  with  stone  in  rusticated  coursing. 
All  other  surfaces  of  the  structure  are  con- 
crete. This  Is  expected  to  give  a  marked  re- 
lief between  the  pier  faces  and  the  arch  and 
apandrel  faces. 

The  arch  rib  la  practically  a  circular  eeg- 
meat  In  the  profile  of  Its  center  line.  The 
center-line  radius  is  460.94,  except  for  a  short 
distance  at  the  crown  which  has  a  slightly 
greater  radius,  489  ft.  The  other  principal  dl* 
tnenslons  have  already  been  given,  but  to- 
gether with  the  governing  conditions  as  to 
load,  etc.,  they  are  tabulated  here: 


Span,  c.  to  c.  skewbacks   725  ft. 

Rise,  c.  to  e   177  ft. 

Width  of  ring   70  ft. 

Crown  thickness    15  ft. 

Skew  back  thickneai    2S  ft. 

Keinforcement,  mean   abt.  l%'/c 


Live-load  15,000  lbs.  per  lin.  ft. 

tRoadway  and  sldewalfca,  75  Ihs.  per  sq. 

ft.  on  80-ft.  -width:  four  railway  tracks,  2,250 

lbs.  per  Iln.  ft.  each. J 

Temperature  Tarlatlon   £241' F. 

Masimam  shrinkage  allowance  I  GOOO 

The  estimation  of  denti-)"nd,  the  ilt-ttTiiiliui- 
tiun  of  ring  thickness,  and  the  prupurlluulug 
of  the  curve  of  rib,  were  the  result  of  succeu- 
bIvo  npproxlmatlons.  The  fnfliionr;'  of  the  live- 
loads  in  shifting  the  pressure  lint^  is  »o  siuuH 
that  tbe  live-load  moments  had  very  Uttle 
honring  upon  the  rlnp  thfrknrsf  Thp  llmlfinp; 
compressive  unit-stress  in  concrete  was  the 
most  weighty  factor;  the  two  objective  points 
of  safe  maxinnini  strc?rcc  nn>1  least  mmldned 
cost  of  steel  and  concrete  witp  aitalDf>d  by  ad- 
justment ol  both  the  rlng^thickneas  and  the 
relnforcomf>nt  p»M'cpntaRe. 

A  concrete  at  least  as  rich  as  1:2:4  was  de- 
cided to  be  used,  and  for  this  the  permissible 
con>pro?«:inn,  nil  sources  of  stress  considered, 
wa«  flxed  at  7aO  lbs.  per  sq.  in.,  the  working 
stress  allowed  by  the  Bureau  of  Buildings  of 
Mnnhn'tan  Boroiinh,  New  York  City,  for  seml- 
lonped  relnforced-concrete  work. 


The  computation  of  stresses  was  carried  out 
on  tbe  basis  of  exact  elastic  analysis.  Both  a 
graphical  and  an  algebraic  calculation  were 
madOt  being  checked  against  each  other  both 
In  the  location  of  the  several  pressure  lines 
and  In  the  stresses. 

In  all  tbe  calculations,  the  modulus  of  elas- 
ticity was  taken  to  be  1/15  that  of  steel;  call- 
ing 30,000,000  the  modulus  for  steel,  the  con- 
crete was  credited  with  a  modulus  of  2,000,- 
000  lbs.  per  sq.  in.  Then  with  760  lbs.  unit- 
compression  in  the  concrete,  the  steel  rein* 
forcement  is  stressed  to  11,250  lbs.  per  eq.  in. 
as  a  maximum.  This  figure  is  subject  to  mod- 
Iflcatlon,  however,  to  allow  for  the  fact  that 
the  ateel  carries  Its  own  weight,  and  for  the 
unequal  distribution  of  the  shrinkage  of  the 
concrete  as  the  construction  work  progresses. 

Since  tbe  arch  ring  Is  never  required  to  re- 
sist tension,  the  steel  which  is  put  into  the 
ring  is  not  strictly  reinforcement,  in  the  sense 
of  tensile  reinforcement.  No  direct  static  con- 
ditions governed  the  proportioning  of  this  steel 
work,  therefore.  The  steel  is  employed  pri- 
marily to  ensure  structural  integrity  or  homo- 
geneity of  the  entire  arch  ring,  and  being  once 
provlded.lt  was  applied  to  the  purpose  of  re- 
ducing the  compressive  stress  in  the  concrete. 
Since  steel  eosts  much  more  than  concrete,  a 
minimum  amount  Of  ateel  was  desirable.  The 
conflicting  requirements  were  harmonised  by 
suooesBlve  approximations,  which  were  begun 
with  a  crown  thickness  of  12  ft.,  and  developed 
by  repeated  modification  on  the  basis  of  the 
calculated  extreme-fiber  stresses  and  total 
co(<t.s.  The  final  result  to  a  steel  percentage 
which  will  probably  average  about  1^4'/,.  The 
dlatribtttion  of  the  steel  to  suit  the  variations 
of  total  arch  stress,  however,  will  make  the 
percentage  at  dltfereat  sections  vary  from 
about  0.9%  to  about  2.9%  at  the  crown. 

The  weight  of  the  Htce!  in  the  arch,  includ- 
ing columns  and  deck,  counting  a  length  of 
750  ft.,  is  about  12,000  tons;  about  S,500  tons 
of  this  Is  In  the. arch  ring.  These  figures  are 
quite  rouKlily  approximate,  of  course.  They 
are  intended  to  include  tbe  weight  of  bracing 
and  detalla,  taken  as  4<t^.  of  the  main  sections. 
Tl>n  corresponding  volumes  of  concrete  are 
75.000  cu.  yds.  aud  47,000  cu.  yds.,  the  former 
Of  which  Includes  the  foundations. 

The  total  length  of  the  bridge,  imliulfni:  th*- 
approaches,  is  2,S40  ft.  Its  cost,  excluding 
sppcinl  ornamental  features,  Is  estimated  at 
$;>.S00.00U.  Aboiil  ono  ti;ilf  of  this  is  charge- 
able to  tbe  large  an  h  and  Its  superstructure. 
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Tb«  design  of  the  bridge  was  carried  out  by 
tb«  orgaolsatioo  of  the  Department  ol  Brid^<  ^ 
of  th«  Cltr  of  New  York,  Mr.  J.  \V.  Stevenson, 
ComiDtHlonw  of  BrldtM.  Mr.  C.  M.  Ingenoll, 


Chief  Engineer,  Prof.  Wm.  H.  Borr,  Consult- 
Ins;  Engineer,  Mr.  Whitney  Warron,  Consult- 
ing Architect,  and  Mr.  Leon  S.  Muisseiff,  En- 
gineer In  Cbarge. 
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WATER  SUPPLY. 

Next  to  pure  air,  a  good  supply  of  jmre  water 
ia  the  greatest  uecessUy  of  life;  evidence  Is 
continually  fortbeomlng  to  prove  that  aliort-* 
ness  of  ^v:!!>■r  supply  means  Increase  of  dis- 
ease; the  lowest  amount  compatible  witli 
health  and  ctaanUnesa  Is  about  twenty  gal* 
Ions  per  head,  per  flay,  but  forty  gallons  is 
really  necessary;  one  hundred  to  one  hundred 
and  fifty  gallona  la  aald  to  be  auppUed  In  eome 
Amprlcan  ckles,  but  taking  into  consideration 
the  important  question  of  the  disposal  of  aew- 
erage,  this  quantity  eeema  to  me  to  be  excee- 
slvc,  and  where  such  Is  the  case,  water  meters 
ought  to  be  iustalltid  and  the  amount  cut 
down  to  that  necessary  to  supply  all  reasona- 
ble needs. 

The  chief  sources  of  water  supply  are  wells, 
rirers  and  upland  gathering  grounds.  Shal- 
low wells  are  the  most  common  t-ourcc  of  sup- 
ply la  country  districts;  these  are  dug  In  the 
ground  until  an  Impenrlons  stratum  of  hard 
clay  or  rock  is  reached,  and  then  sometimes  a 
short  distance  Into  such  stratum.  The  water 
obtained  In  such  wells  Is  that  whtdi  has  per- 
colated downwards  through  the  upper  layers 
of  porous  earth,  sand  or  gravel  until  It  haa 
met  with  this  Impervious  stratum,  beyond 
which  It  cannot  pass.  There  is  always  a 
great  danger  of  organic  matter  belag  washed 
from  farmyards,  stables,  manure  heaps,  cess- 
pools, privy  pltH,  et(. ,  thrniish  these  porous 
layers  to  the  surface  of  the  impervious  stratum 
and  travelling  slowly    great   distances  on 

this  surface  until  a  hole  In  the  stiMtum  in  th,' 
form  of  a  well  is  reached;  here  it  remains  and 
if  It  does  not  In  itself  contain  the  germs  of 
disease.  It  provides  just  the  proper  media  for 
the  cultivation  of  such  germs  as  may,  and 
to,  find  their  way  from  the  surface  of  wells 
ty  the  trlcklinR  of  water  down  the  SUCttOO 
tube.    It  is  thus  Imperative  that  wells  In 
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country  districts  should  be  what  are  known  as 

"deep  wells,"  1.  c.  wellb  that  reach  down  to  a 
lower  store  of  water,  and  catch  that  which 
has  found  Its  way  through  an  outcrop  of  the 
stratum  at  a  high  level  In  some  uncultivated 
aad  uninhabited  district  down  to  a  level  be- 
low the  Impervious  bed  upon  which  the  sob* 
soil  water  rests.  It  must  of  course  be  Insure, l 
that  such  a  well  is  properly  constructed  and 
lined  with  brickwork  set  In  cement  from  the 
very  lop  down  into  the  Impervious  stratum 
where  boring  begins,  or  better  with  earthen- 
ware tubes  of  large  diameter  made  for  the 
purpose  In  short  lengths  with  bevelled  fdKe 
to  secure  good  Joints,  and  the  top  of  all  wells 
should  be  brought  above  the  surface,  securely 
covered  and  evenly  rounded  off  with  a  layer 
of  puddle  clay,  and  the  discharge  pipe  should 
be  about  fifty  feet  in  length.  In  order  that  the 
overflow  from  troughs,  etc.,  around  which  ;ni- 
imals  drink,  should  not  trickle  down  the  suc- 
tion tube  Into  the  welt. 

For  the  supply  of  towns,  n  i  il  inccs  c»f 
supply  are  resorted  to.  Deep  weib  are  some- 
times made  by  driving  Iron  tubes  of  a  dtam- 
eter  varying  from  1  %  to  I  Ins.,  according  to 
the  needs  of  tho  individual  cases;  and  some- 
times by  drilling  or  boring  Into  the  Impervi- 
ous stratum  and  lining  with  Iron  pipes  l)ai  V  -d 
with  cement  according  to  circumstances;  wellH 
of  the  two  kinds  last  mentioned  cannot,  un- 
der ordinary  circumstances  become  lontaiui- 
nated  with  surface  washings.  These  are  driv- 
en In  groups,  the  number  of  which  varies  ac- 
cordiuK  to  the  amount  of  water  reijulred;  an 
increase  in  demand  should  be  met  by  an  ex- 
tension of  the  system  rather  than  by  over 
forcinp,  for  thi>  latter  will  cause  an  undue 
lowering  of  the  water  level  and  tend  simply  to 
bring  water  downwards  from  the  upper 
strain,  t'nder  exceptional  circumstance,^  even 
these  deep  wells  may  become  contaminated 
by  filth  which  gains  aeosss  through  audi 
channels  as  cracks  and  fissures  la  Impervious 
strata. 
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Filter  galleries. — These  are  sometimes  con- 
structed. They  are  In  reality  nothing  more 
than  horliottUl  w«l]s  sunk  parallel  and  naar 

to  a  river  or  lake.  Although  this  method  of 
obtalDlng  water  has  been  attended  by  most 
ezoellent  reaalta,  yet  the  fact  remains  that 
the  water  so  collected  comes  not  from  the 
river,  but  from  the  ground  on  its  higher  side, 
and  thla  method  is  thus  subject  to  coatamU 
nation  such  as  shallow  wells  are.  The  water 
of  a  river  or  lake,  does  not,  except  under  ex- 
ceptional circumstances,  percolate  outwards, 
for  the  silt  deposited  in  its  flow  clogs  the  in- 
terstices in  the  soil  of  its  bed  and  acts  as  a 
valve  against  its  egress;  the  ground  water 
(lowing  to  the  river,  flnds  Its  way  through  the 
silt  which  gives  way  towards  on  the  side  of 
least  realatance. 

Rivers  and  streams  are  very  common 
sources  of  supply;  such  water  is  excellent  pro- 
vided no  contamiDBlion  from  animal  matter 
has  reached  it;  but  unfortunately,  towns,  vil- 
lages and  bouses  situated  anywhere  near  a 
river,  nearly  always  pour  their  waste  and  im- 
purities of  every  kind  Into  it,  as  do  also 
barges,  gravel  dredges,  etc.,  and  the  water, 
pure  at  flnt*  becomes  horribly  polluted  as  it 
ROW  along.  It  is  trui>  that  there  exists  in 
ail  lunning  water  certain  natural  ageulfi  fur 
self-puriflcatlon»  and  that  the  Influence  of  Bun- 
Ifght,  air,  movement,  rhe  arUon  of  bacteria 
and  water  plants,  tend  to  render  all  auimul 
matter  harmless.  But  opinions  differ  as  to 
(he  time  required  for  such  influences  to  avail 
and  also  upon  the  extent  of  their  power. 

It  IB  UBual  now  In  places  where  regard  Is 

paid  to  public  health  (and  the  fact  la  realized 
that  nothing  is  lo  the  long  run  more  expen- 
sive than  dleease).  to  obtain  a  good  supply  of 
]r.]TP  wntor  at  at!  ro^tn  frfim  a  catchment  aroa 
iu  Bume  highly  situated  and  uninhabited  dis- 
trict. In  order  to  do  this  the  water  can  be 
taken  from  a  natural  reservoir,  or  an  artifi- 
cial reservoir  can  be  constructed  at  the  bot- 
tom ot  a  Taller  and  all  the  water  as  It  comes 
down  from  the  neighboring  hills  Impniindod, 
or  the  bead  waters  of  a  river  can  be  captured 
and  stored  In  a  reservoir,  or  an  unnavlgable 
river  can  be  dammed.  This  catchment  area 
source  of  supply  Is  the  most  safe  and  satis- 
factory of  alt,  bat  those  who  arrange  to  get 
wat'T  in  this  way  should  obtain  .'^iich  a  con- 
trol over  the  catchment  area  as  to  be  able  to 
prevent  abeolntely  the  erection  of  dwellings 
ihoreon.  This  Is  important  by  reason  of  the 
fact  that  should  excreta  from  a  person  suf- 
ferlns  from  typhoid  fever  he  emptied  on  a 
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catchment  area,  an  epidemic  amongst  the 
water  consumers  would  be  almobi.  sure  to 
follow. 

In  Belfast,  Ireland,  both  the  old  and  the 
new  systems  are  on  ihi^  priuclpiu,  but  some 
years  ago  the  catchment  area  of  the  old  asm* 
tem  contained  dwellings  and  farms.  The 
farmers  when  they  came  to  the  city,  used  to 
buy  and  eat  shell-flsh  gathered  In  certain  sea- 
sons on  the  shores  of  the  Lough,  which  is  an 
arm  of  the  sea,  wherein  at  that  time  the  sew- 
age of  the  city  and  other  smaller  towns  was 
discharged  in  a  raw  state.  Some  of  those 
farmers  after  eating  the  sheli-lish  would  be- 
come ill  with  typhoid  and  It  was  noticed  that 
when  such  n  case  occurred  on  the  catchment 
area,  after  a  bhori  tiiue  an  outbreak  of  ty- 
phoid in  the  city  itself  wottid  take  place.  This 
compelled  the  comujisslonors  to  purchase  otit- 
right  and  remo\e  from  off  the  catchment  area 
all  the  dwellings,  etc.,  thus  converting  the 
area  of  cuUlvailou  into  n  wilrlprness  with  the 
result  that  the  number  of  cases  of  typhoid 
was  materially  reduced.  The  new  system  for 
Belfast  when  fully  completed  will  cost  seven 
and  a  half  mllllun  dollars  to  obtain  a  supply 
of  thirty-three  million  gallons  per  day  from 
the  Mourne  Mountains.  Birmingham  has  re- 
cently spent  close  on  thirty-five  million  dol- 
lars to  obtain  a  supply  ot  Sixty  million  gal- 
lons per  day  from  Elan  Valley,  Wales.  Bdin- 
buish  rectiutly  spent  al>uut  seven  milUoo  and 
a  half  on  the  Talla  scheme,  to  obtain  a  supply 
of  twenty  million  gallons  pr-r  day.  Glasgow 
obtains  iis  supply  from  Loch  Katrine;  L4ver- 
pool,  from  Lake  Vrynwry  In  North  Wales.  Ot* 
tawa  is  likely  in  the  near  future  to  takr>  i;s 
supply  from  a  mountain  lake  some  fifteen 
miles  away,  instead  of  from  the  river.  This 
mefliod  is  also  the  one  most  frequently  en- 
eouulered  in  American  practice.  It  is  the  sim- 
plest: it  admits  of  the  greatest  amount  of  cer- 
tainty In  determfnlnR:  the  quantity  and  qua!- 
Ity  o£  the  water  and  the  kind  and  cost  of  the 
work  necessary  to  utilise  the  supply. 

ri-HIFTCATIOX  01^  W.ATBR. 

What  is  needed  In  water  supplies  is  Inno- 
cence, not  repentance,  but  If  an  Innocent  sup- 
ply lannot  he  obtained,  then  the  cnutainlnated 
supply  must  be  purified.  The  pathogenic  bac- 
teria must  be  gotten  rid  of,  for  all  of  them, 
and  particularly  the  typhoid  buelllus,  act  an 
a  constant  menace,  it  Is  also  important  to 
get  rid  of  color,  suspended  matter,  taste  and 
odor.  There  are  three-  practical  methods  Of 
purification  In  use,  viz.: 

(1)    Sedimentation  of  river  water  stmred 
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In  large  reservoirs  often  In  a  few  weeks  causes 
such  waters  to  lose  ninety  to  ninety-live  per 
cent,  of  their  bactertal  oontents:  time  ts  al- 
lowed for  the  suspended  mntter  in  muddy 
water  to  settle  to  the  buttooi.  The  patho- 
geDle  bacteria  which  are  feared  In  drlnktns 
water  do  not  thrive  In  that  rnpdlniu,  but  rap- 
idly die;  these  and  other  nou-pathoguiilc 
forms  are  largely  carried  to  the  bottom  by 
their  own  weight  or  by  the  prectpltatloa  of 
other  materials. 

(S  Aeration. — This  method  of  purifica- 
tion has  not  been  u-fcd  much  but  Is  coming 
more  in  favor,  it  saturates  water  with  oxy- 
gea,  aids  in  dIscoloriKation,  diminishes  the 
free  carbonic  arid;  It  diminishes  the  organic 
growths  for  which  the  carbonic  acid  forms  a 
fof>d.  and  remOTOB  sabetancea  like  sulphuret- 
ted hydrogrn.  hut  its  cff'^rr  largely  conllnort 
to  tasteii  and  odors,  although  there  are  un- 
doubtedly some  tastes  and  odors  which  can- 
not be  adf(iu!iteiy  remoTod  by  any  practicable 
amount  of  aeration. 

(S>  Filtration. — ^Thls   may  be  what  Is 

called  natural  or  nie(hani<al  uioihod.  Natu- 
ral Altera  consist  of  a  series  of  beds  of  sand, 
about  an  acre  In  area — ^they  can  be  of  a 
largpf  or  smaller  of  course,  but  an  acre  Is  a 
convenient  sise — and  of  a  total  tbickncEs  of 
4  to  6  ft.,  eonslstlng  of  eereral  layers,  grad- 
uatiu;:;  from  rourso  niatorlal  at  the  bottom  to 
moderately  line  sand  on  t^p,  of  about  2  ft.  in 
depth:  tt  la  this  top  layer  that  la  the  essential 
part  of  the  filter  and  It  is  necessary  to  sfture 
sand  of  the  right  quality;  It  should  be  sharp 
and  even.  A  system  of  underdralns  at  the 
bottom  carries  off  the  filtor  to  the  i)umi>  wt^ll. 
The  filter  is  eiled  beneath  to  drive  the  air  out 
and  the  water  ts  allowed  to  stand  for  twenty- 
four  hours  iK'foro  (ho  filter  is  istartfd  and  flie 
first  water  which  passes  through  runs  to 
waste.  The  character  of  the  layer  of  slime, 
whlcTi  is  precipitated  upon  the  surface  of  the 
sand  from  the  water  standing  upon  it  and 
from  that  which  flnt  passes  through  It.  In  a 
measure  detorniIn>-'S  the  pmci.^ncy  of  the  filter 
and  also  the  efficiency  of  the  filter  in  a 
general  way  varies  Inrersely  as  the  rate 
of  the  nitration,  the  higher  the  rat.-  the  less 
is  the  water  improved  by  Us  passage.  The 
niters  are  eleaoed  by  drawing  off  the  water 

and  scraping  about  a  half  inch  from  the  sur- 
face of  the  sand.  Constant  supervision  of  fil- 
ters Is  nearly  always  neceosary. 

Mechanical  filters  are  coming  more  into 
use  now.  The  cost  of  constructing  one  of 
these  niters  in  considerably  lew  than  tha  coat 


of  the  natural  lilterg,  particularly  if  the  nat- 
ural filters  have  to  be  covered.  Buch  a  ma- 
chine consists  chiefly  of  an  Iron  or  wooden 
cylinder  fitted  with  coarse  sand  or  cruahed 
quartz,  through  which  the  water  paiii>es  by 
gravity  or  Is  driven  under  pressure  at  a  very 
mis^-h  greater  rate  than  it  moves  in  n  bed.  To 
tal<e  the  place  of  the  sediment  layer  which 
forms  in  the  other,  an  artificial  fllm  Is  pro- 
duced hy  the  tiso  of  alum  as  a  coagulant. 
With  careful  management  a  very  large  per- 
centage of  the  bacteria  are  removed. 

Aeration  and  filtration  combined  form  a 
highly  desirable  method  of  purification;  it  is 
being  used  In  several  places.  At  Charleston. 
S.  C,  an  aeration  and  mechnnlcal  filtration 
plant  iias  recently  been  tnsulled.  One  system 
embracing  the  three,  aedlmentatton,  aeration 
and  filtration  is  excellent.  Along  rivers,  deep, 
narrow  coulees  can  sometimes  be  found  where 
dania  could  be  constrneted  to  form  large  sedi- 
mentatiou  leservoirs  cheaply:  to  these  could 
be  added  aeration  and  mechanical  filtration 
plants.  The  water  of  the  river  could  be 
pumped  to  the  Rcdimentatlon  reservoirs,  where 
after  remaining  some  time  It  could  be  passed 
on  to  the  aeration  and  flitratlon  plant,  and 
thence  to  the  pump  wells,  whence  It  can  be 
pumped  to  the  stand  pipe  for  distribution;  or, 
sedimentation  reservolra  can  be  situated  on 
low  lands  near  the  river  when*  'viv  r  can  he 
allowed  to  enter  by  a  sluice.  However,  local 
dronmstaaesa  In  this,  as  in  other  schemes, 
would  decide  the  matter. 

DISPOSAL  OF  WASTE. 
The  next  most  anxious  matter  to  be  con- 

siiicred  hs  the  disposal  of  the  waste  attendant 
on  human  life,  the  solid  and  liquid  excreta. 
On  one  point  all  are  agreed;  such  materials 
lunst  lie  taken  away  iiiiiiiedlalely  from  the 
vicinity  of  dwellings  by  the  simplest,  clean- 
liest and  most  effective  means  that  can  be  de- 
vised.   The  different  methods  in  vogue  are: 

1.  The  dry  methods  which  comprise:  — 
(a>  Privy  pits,  wooden  boxen,  cesspools; 
(hi   Karth  closets; 

(c)  Pail  system. 

2.  The  water-carriage  method  which  In- 
cludes:— 

ta)  The  combined  system  of  sewerage, 
where  all  sewage,  surtaice  water,  manufao- 

ttirors'  refu^-e  and  subsotl  water  aro  Carried 
in  the  same  sewer; 

<b)  Similar  to  the  above,  the  subsoil  water, 
however,  being  carefully  excluded; 

(c)  The  partially  separate  system; 

(d)  The  absolutely  separate  system. 


uiyitized  by  Google 


40 


THE  ENGINEERING  DIGEST 


Let  iM  first  consider  the  systems  employed 
under  the  dry  methods  (a1tboti«h  none  of 

tbem  are  suitable  for  large  comuiuntlies  i . 
afterwards  the  sj'stems  employed  under  the 
water-carrtagie  methods. 

Privy  Pits,  Woofifii  Boxojj  and  Cesspools.  - 

These  are  things  to  be  early  gotten  rid  of; 
there  ts  probably  no  form  of  nnleance  which 

in  the  aKk^rcf^afi'  causes  so  much  annoyance. 
They  are  not  only  nuisances,  but  they  are  also 
real  menaces  to  health.  The  excrements  In 
cholera,  tyjihold  and  perhaps  in  other  dis- 
eases contain  large  numbers  of  pathogenic 
genns,  and  In  fact  ft  Is  only  through  the  ex- 
trenieiUs  that  (holera  aud  tMihoid  are  spread. 
The  soakage  from  these  often  pollutes  the 
atratam  from  which  dilnkinc  water  la  taken. 

Earth  Closets. — •These  are  being  used  in 
various  forms,  but  they  are  more  oomplicatAd 
than  the  meihud  kuowu  an  the 

Pall  System. — This,  if  not  from  the  aden- 
tlflc  point  of  view  quite  so  correct  as  earth 
closets,  is,  on  account  of  its  simplicity,  an 
eSectlTe  method  of  disposal.  But  even  a  pail 
closet  ought  not  to  be  maintained  on  any  lot 
tor  the  accommudaliua  oi  which  a  public 
sewer  Is  available.  A  pall  closet  should  be  at 
least  5  ft.  from  the  Hue  of  an  adjoining  lot,  2 
it.  from  any  street  or  private  or  public  pas- 
Hageway,  10  ft.  from  any  bttlldlBff  or  place  Of 
business,  aud  GO  ft.  from  any  well  or  spring 
nicely  to  ha  MHQd  as  a  buurce  of  water  for 
drinking  or  domestic  purpoees.  It  should  ba 
constructed  and  maintained  in  such  a  manner 
aud  position  as  to  afford  ready  means  of  ac- 
oeea  thereto  for  the  purpose  of  cleaning  lt» 
and  so  ns  to  permit  the  removal  of  the  con- 
tents from  the  privy  to  the  public  sirfet  with- 
out carrying  them  tbrough  any  dwelling  house 
or  place  of  business.  The  receptacle  should 
be  movable;  there  should  be  a  floor  over  the 
whole  area  of  th«  apace  and  alao  Immediately 
beneath  the  seat,  the  surface  of  which  should 
not  in  any  place  be  less  than  4  ins.  above  the 
level  of  the  surrounding  ground  and  have  an 
incline  towards  the  door  of  *4-ln.  to  the 
foot.  Such  tiuor  and  the  whole  extent  of  each 
aide  of  the  space  between  the  floor  and  top  of 
the  seat  should  be  constructed  of  some  non- 
absorbent  material.  The  seat,  the  aperature 
therein,  and  the  apace  beneath  moat  bo  of 
such  diraen^lonp  as  to  permit  the  movable 
receptacle  for  tilth  to  be  titted  beneath  the 
aeat  la  aueh  a  manner  and  position  as  to  pre- 
vent the  deposit  of  fllth  elsewhere  than  In  the 
receptacle.  The  seat  should  be  so  constructed 
that  the  whole  or  part  of  It  may  bo  readily 


removed  or  adjusted  so  as  to  afford  adequate 
access  to  the  space  beneath  for  the  purpose  of 

cleaning  it.  The  reeeptacle  should  not  e.Nceed 
in  capacity  2  cu.  ft.,  be  made  of  metal,  water 
tight,  provided  with  handles,  and  so  con- 
st ructed  that  it  may  be  dosed  with  a  cover 
and  made  air-tight  at  the  time  of  its  removal. 
With  regard  to  the  prlTy  Itsdf,  a  trap-door 
should  be  ntade  at  the  rear  of  such  a  sixe  that 
the  pail  may  be  easily  removed;  a  sufficient 
opening  for  ventilation  should  be  made  aa 
near  the  top  as  practicable,  commtuilcatlng 
directly  with  the  external  air.  On  the  Goux 
principle,  used  at  Halifax,  Bngland,  the  pails 
have  an  abundant  lining  of  dry  earth  which 
is  shaped  by  means  of  a  mold  for  the  pur- 
pose. The  palls  are  rellned  at  the  works  after 
emptying. 

The  Water-Carrlage  Method. — This  method 
Is  rapidly  dteplaclttg  the  dry  or  conaerrancy 
method;  it  seems  to  accord  best  with  our 
national  customs  and  ideas.  Most  certainly 
no  other  method  la  so  satisfactory  In  towns 
and  populated  districts. 

SEWERAGE. 
A  good  system  of  water-carriage  sewerage 
should  embrace  the  whole  of  the  following 
req  til  rem  eats:  1.  Each  sewer  shouli!  H-- 
laid  at  such  a  depth  as  will  readily 
drain  the  basementa  of  the  adjoining 
buildings.  2.  Its  area  and  gradient  should 
be  so  regulated  .  as  to  make  it  self- 
cleanslng.  and  at  the  same  time  carry  off  ef- 
fectively the  maximtim  quantity  of  liquid  for 
which  it  is  inteiiditd.  3.  Such  sewer  shoulA 
(unless  quite  impracticable)  be  laid  la 
Ftralpht  lines  with  even  gradients  between 
man  or  lamp  holes,  and  these  gradients  sbould 
not  be  excesBlye,  or  damage  may  be  cauaed 
to  the  pewer.  Sewers  should  be  laid  nt  proper 
levels  in  respect  of  their  intersection  with 
each  other,  bearing  In  mind  that  they  are 
penernlly  converpin.q  to  one  point.  Manholes 
should  be  of  simple  construction;  circular 
lirlekwork  upon  concrete,  or  concrete  entirely 
\p  a  convenient  description.  They  may  be 
made  to  serve  the  additional  purpose  of  ven'< 
ttlattng  ahatta,  fluahlag  chambera.  Junction 
shafts,  storm  overflows  and  side  entrances. 
Tributary  sewers  and  drains  should  not  Join 
the  main  aewer  at  right  anglea  unleaa  the  hot* 
tom  of  the  manhole  is  so  constructed  ns  to 
give  the  required  curve  in  the  direction  of  the 
flovt  of  the  aewage  and  they  ahouM  Join  at  a 
he1«>-t  (If  of  uneq.ial  f-rrtlons)  <■  jr.a)  to  th'» 
difference  of  their  sectional  diameters,  the  aim 
of  all  JunctloBfl  baliig  to  caoae      little  d]»> 
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uirbance  as  possible  in  the  proper  How  of  iho 
r.quids  along  tbeir  respective  chauucls.  Sew- 
ers Bhould  not  be  eonstrueted  of  tno  large  & 
sr-ctiona!  area,  Imt  none  should  be  less  tlipii 
4  Ins.  diameter,  and  the  main  sewer  not  less 
tban  6  las.  Internal  diameter,  as  house  sewers 
are  never  less  than  i  ins,  diameler,  and  the 
main  sewer  should,  of  course,  be  larger  than 
Its  trlbntarles.  It  Is  airo  ratber  diffleult  to 
ventilate  a  sewer  smaller  than  that.  Stone- 
ware pipes  of  greater  diameter  tban  IS  ins. 
sbould  nerer  be  used.  When  large  sewers  are 
C  P:  ti  i:cted  they  should  be  eltbor  Concrete 
piiies,  brick  work  or  concrete. 

Tn  constraetlag  sewerage  works  tbe  great- 
est caro  Is  necessary  in  the  selection  of  ma- 
terials and  tbe  manner  in  which  the  work  it> 
executed.  Municipalities  sbould  do  all  the 
eevver  work  themselves  by  direet  labor,  no 
part  of  the  construction  should  be  done  by  cpn- 
tract;  levels  should  be  rery  accurately  given 
and  adhered  to.  In  quicksand  or  anywhero 
where  a  good  and  quick  Job  is  required,  pat- 
ent safety  Jointed  pipss  can  be  used  with  ad- 
vantage. Tn  order  fo  connect  a  hlRh-level 
sewer  with  one  at  a  lower  level,  a  ramp  should 
be  employed  in  preventing  tbe  evlto  of  a  direct 
fall. 

Breakages  sometimes  occur  in  stoneware 
pipe  Bowmn  after  they  are  laid,  which  gener- 
ally  are  found  on  examination  to  arise  frntn 
one  of  the  following  causra:  1.  Laying  tho 
pipes  on  a  rigid  foundation  without  recessing 
the  sockets  so  as  to  give  an  even  bearing; 
2.  Laying  the  plpea  on  foundations  whidi 
afterward  yield  or  settle;  8.  Laying  the  pipes 
at  too  grealh  a  length  wIthOttt  protection  by 
concrete  or  otherwise  to  resist  the  pressuro 
o(  the  superlnenmbent  earth,  or  by  not  suf- 
flclenfly  ijuddlhig  the  fllllng-ln,  when  a  sud- 
den settlement  will  often  crack  or  crush  a 
pipe:  4.  Accidental  or  wilful  Injury  to  pipes 

vM  'i  •:-  not  uotlted  before  the  trench  Is 
hlied  iu;  Z,  Defective  or  weak  pipes. 

Tbe  ebokage  tn  pipe  sewws  generally  arises 
from  one  or  more  of  the  following  causes — 
improper  gradients;,  insufncient  flush;  foreign 
articles  finding  their  wsy  into  and  eboklni^  the 
sewor;  defective  joints  through  which  the 
liquid  runs  leaving  solid  matter  behind;  an 
excess  of  road  detritus  finding  Its  way  Into 
the  sewer;  Improper  bends  in  the  line  of 
sewer;  right  angle  or  improper  junctions 
being  formed  tn  the  sewer;  a  collapse  of  the 
sewer. 

Tbe  two  principal  systems  employed  in  the 
water  carriage  methods  are:  Tbe  combined. 


where  all  sewage,  surface  water  and  manu- 
facturers* refuse  are  carried  in  the  same 
sewer;  the  partially  separate  system  where 
all  sewage,  manufacturers"  refuse  and  rain 
that  falls  on  back-yards  are  carried  In  the 
same  sewer,  white  the  other  surface  water  la 
carried  separately  In  either  artlfldal  or  nat< 
ural  channels. 

The  combined  system  as  above  is  the  vye- 
tem  most  generally  used.  For  the  desijin  of 
this  system  the  first  dau  required  are  the 
maximum  and  minimum  quantities  of  liquid 
that  will  have  to  lie  discharged  by  the  sewOTfl 
of  the  proposed  system.  The  minimum  dry 
weather  flow  may  be  determined  after  asoer' 
talning  the  prospective  population  to  be 
served,  the  water  supply  per  head,  per  day — 
one-twelfth  of  which  may  be  assumed  to  be 
used  In  one  hour-  and  any  ctuistant  trade  and 
other  discharges  into  the  sewers.  In  some 
towns  the  maximum  flow  that  will  have  to 

be  dealt  with  in  the  sewer  may  !><■  then  as- 
sumed to  be  some  multiple  of  the  minimum, 
the-  whole  when  In  excess  of  this  maximum 
being  diverted  at  various  points  through 
storm-water  overflow  conduits,  into  the  nat- 
ural water  course  or  stream.  For  the  storm- 
water  overflow  conduits  and  for  the  sewers  In 
towns  where  the  previous  method  for  its  de- 
termination Is  not  applicable,  the  maximum 
quantity  of  liquid  to  bo  dealt  with  may  be  de- 
cided as  follows:  the  engineer  having  com- 
puted the  area  In  acres  of  a  district  which  Is 
required  to  be  sewered,  and  after  Investiga- 
tion of  all  available  records  having  satisfied 
himself  as  to  the  greatest  amount  of  rainfall 
which  may  be  expected,  say.  In  one  hour,  may 
rapidly  ascertain  its  equivalent  in  cubic  feet 
per  second,  by  utilising  the  fact  that  1  In.  ot 
rainfall  over  one  acre  in  one  hour,  ^ery  nearly, 
equals  1  cu.  ft.  per  sec.  After  tiaving  made 
himself  conversant  with  the  geological  char- 
acter, general  configuration  and  surface  ron- 
ditions  of  the  area  under  consideration,  he  is 
to  ascertain  tbe  proportion  of  this  rainfall 
which  is  likely  to  reach  the  sewer;  and  this 
proportion  of  rainfall  in  inches  per  acre  per 
hour  corresponds  to  the  same  number  of  cubic 
feet  iier  acre,  per  second,  which  will,  with  the 
addition  of  the  sewage,  be  the  maximum  flow 
to  be  dealt  with.  Having  prepared  profiles, 
from  which  to  ascertain  the  available  gradi- 
ents which  will  ensure  that  the  lowest  points 
In  the  district  will  be  satlstaetorlly  drained, 
and  the  size  of  the  sewer  that  Is  capable  of 
discharging  at  the  available  gradient  the 
maximum  flow  when  running  two  thirds  full. 
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or  sach  proporUoa  1«m  than  full  as  Uie  engi- 
neer may  decide  tm  reaaonaMe  to  guard 

against  the  sewer  being  put  uuder  incssure. 
The  velocity  of  tlie  flow  whan  the  sewer  la 
TODtiliiK  two-tUrda  fall  !■  then  to  be  noted, 
and  the  velocity  when  the  minimum  amount 
ot  sewage  la  flowlns  over  the  invert.  The 
first  reavlt  will  show  whether  the  sewer  has 
a  velocity  which  is  too  great,  considering 
the  material  of  which  it  ia  proposed  to  be 
eonstnieted,  and  the  seeood  resnlt  whether 

JuriiiK  periods  of    niiiiimum    (low   llu'  si-w^r 

will  be  aelf-cleanliu;  or  oot.  In  the  latter 
case  either  the  shape  of  the  sewer  or  Its 
gradient  should  I'e  modified.  If  neither  Im- 
provement can  be  made,  flashing  arrange- 
ments should  he  adopted,  unless  further  con- 
sideration show  that  it  would  be  advantageous 
to  alter  the  general  arrangement  of  the  pro- 
posed sewerage  system  and  snhstttnte  an  Im- 
proTBd  scheme. 

The  partially  separate  system. — ^Thla  sys- 
tem haa  the  following  advantages: 

1.  It  la  not  neoeaaary  to  hare  the  sewen 

of  enormous  diameter. 

2.  Consequent  great  economy  Is  the  gen- 
eral result. 

3.  The  depth  of  the  surface  water  con- 
duits need  not  be  so  great  as  that  which  is 
aecesMu-y  for  sewers. 

4.  The  exclusion  of  roftd  detrlttts  from  the 
foul  sewers. 

6.  Its  evident  advantages  where  the  sew> 
age  has  to  be  pumped  or  purified. 

6.  The  greatest  accuracy  with  which  the 
quantity  of  sewage  may  he  calculated  and 
the  sizes  of  lewers  apportioned. 

7.  Where  old  and  defective  sewera  exist 
they  may  be  used  to  carry  surface  water,  al- 
though quite  inappropriate  aa  sewerage  car- 
riers. 

The  cobl  of  the  partially  separate  system  Is 
generally  from  one-eighth  to  one-half  the  cost 
of  thf  rnmlifned  system  for  rorrc'-pnndlnc: 
condition?.  This  relates  to  the  Bystem  of 
sewage  conduits,  but  It  Is  also  evident  that 
where  the  sewage  has  to  be  purified,  the  'Ex- 
pense will  be  very  materially  reduced  by  the 
exclusion  of  the  storm  water.  The  partially 
separate  system.  If  properly  conKtriirtert,  wflj 
meet  the  requirements  for  the  efficient  re- 
moval of  house  sewerage  more  perfectly,  and 
i.nd'  i  conditions  more  strictly  sanitary,  than 
the  combined  system.  In  the  partially  sepa- 
rate system  the  sewers,  heing  of  small  capac- 
ity, will  run  oomparattvely  full  once  every 


day,  in  dry  as  well  as  in  wet  weatlier,  and  this 
tends  to  prevent  permanent  deposits;  the 
sewers  will  have  uniform  velocities  of  flow, 
and  consequently  can  generally  be  con- 
structed with  flatter  grades  than  In  the  com- 
bined fivstom.  Moreover,  wlieii  flushiiii;  is 
necessary,  the  same  degree  of  cleanliness  can 
be  obtained  with  less  water  In  the  partially 
separate  s\siem  than  in  the  (.onildnedi  sys- 
tem. This  system  has  been  found  to  be  pecu- 
liarly adapted  to  the  requirements  of  small 
towns.  The  (oinparative  small  cost  of  this 
system  permits  its  construction  In  towns  and 
suburbs  where  the  greater  expense  of  the  com- 
bined system  would  render  the  construction  of 
a  sewerage  system  impracticable.  The  popu- 
lation of  Sttdi  districts  not  being  dense,  the 
question  of  snrface  drainage  is  not  of  an 
urgent  nature.  The  comparative  advantages 
of  the  partially  separate  system  for  large  and 
densely  populated  dtles,  however,  are  not  so 
great. 

With  regard  to  ventilation  of  the  partially 

separate  aystem,  the  small  pipe  may  rij^ht 
from  the  basement  to  above  the  roof  and  be 
open  throughout  as  a  vent  to  the  eewer.  Ot 
course,  each  fixture  In  the  house  must  be 
properly  trapped  and  alr-back-vented  to  pre- 
vent siphoning,  and  such  vents  should  be  con- 
nected with  a  common  ventilating  pipe  lead- 
ing to  above  the  roof. 

Souse  drains  should  be  constructed  of 
btoneware  pipes,  salt  glazed,  perfectly  smooth 
inside,  of  true  circular  section  and  thickness 
of  material,  straight  In  the  direction  of  their 
lengths  with  whole  sockets  of  proper  depth, 
and  free  from  cracks,  blisters,  sand  holes, 
etc.;  the  Internal  diameter  of  the  sewer 
should  not  be  too  larL'e,  t  ins.  is  sufficient  nn 
an  ordinary  house  sewer  and  6  Ins.  is  gen- 
erally quite  sulDclent  to  carry  off  alt  the 
sewage  from  an  cTtensIvo  establishment,  even 
if  the  water  from  the  roofs  or  a  portion  of 
It  is  Included.  T%e  Inclination  Is  governed  by 
circumstances,  hut  ahont  l  In  30  for  a  4-ln. 
and  1  In  60  for  a  6-in.  pipe  is  found  to  be  a 
very  convenient  fall  for  many  hydraulic  and 
other  reasons,  and  Tvill  krep  a  plphon  (lear. 
The  joining  of  the  pipes  should  be  executed 
with  great  care  and  each  pipe  should  he 
joined  separatr'v.  :nid  it  .-liouhl  he  se«"n  that 
no  cement  is  left  in  the  drain  and  that  the 
Joint  Is  good  all  round.  Sometimes  tarred 
gaskin  Is  i  d  to  prr-venr  the  entrance  of  ce- 
ment in  the  pipes.  The  sockets  of  the  pipes 
should  be  sunk  into  the  ground  at  the  bofp 
tom  of  the  trench  so  as  to  give  an  even  bear- 
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Ing,  which  amongst  other  beoeflts  dispenses 
with  the  chaace  o(  settleiuents.  No  pipes 
Bhould  be  allowed  to  be  ooverad  In  until 
they  have  been  Inspected  by  the  town  engi- 
neer or  hie  assistants,  lu  order  to  test  the 
•oundneis  of  the  Joints,  All  the  drain  with 
water,  having  first  sfopprtl  up  the  lower  end, 
and  note  if  the  level  ot  the  water  Is  main- 
tained. Btoaewnre  pipes  should  be  con- 
strurted  to  within  5  ft.  of  the  building.  Care 
should  be  exercised  in  filliue  over  pipes,  not 
to  break  or  injure  them.  The  trap  of  the 
honf^c  drain,  -K-hore  such  Is  used  (and  such  Is 
m  general  use  iu  the  combined  system), 
should  be  a  siphon  with  a  good  cascade  action, 
fls  position  must  be  determined  by  clrcnm- 
stauces.  I  would  urge  the  necessiiy  of  a  reg- 
ister of  all  house  sewers  being  kept  that  m 
examined  by  the  engineer's  department.  This 
can  be  done  by  having  a  series  of  numbered 
notebooks  kept  solely  for  the  purpose,  and  all 
the  Information  thus  acquired  should  also  be 
plotted  on  the  map  of  the  town,  It  on  a  sutfi- 
eientljr  targe  scale.  The  neoessltjr  of  comet 
plans  for  the  drainage  of  bulldinga  cannot  be 
over-estimated,  especially  for  boepltals,  asy- 
lums, workhouses,  schools  and  other  public 
buildings,  and  even  for  the  smallest  dwelling- 
house  such  a  plan  would  often  prove  to  be  the 
greatest  boon  to  the  occupier  or  the  owner 

as  well  as  at  nil  times  to  the  city  rngineer, 
the  medical  health  ottlcer  aod  the  inspector  of 
nuisances. 

Underground  nubMc  conveniences  should  be 
supplied  in  all  rair-stzed  cities. 

As  a  part  of  anjr  sewerage  ssrstem  we  must 
consider  tho  plumbing  of  the  hoiiFcs;  and 
any  town  Introducing  a  sewerage  system  must 
adopt  a  plumbing  b]r>law  at  the  same  time. 
Siifh  to  dny  means  simply  a  system  where 
nothing  but  iron  pipes  are  used  inside  the 
house,  all  of  which  should  be  exposed  to 
view  or  readily  uncovered.  They  should  all 
be  proved  after  being  placed  lu  position  by  a 
thorough  smoke  test  The  soil  pipe  should  go 
direct  from  the  basement  to  above  tho  roof. 
Each  fixture  must  be  properly  trapped,  air- 
back-T«nted  to  prevent  siphoning,  and  such 

vents  should  be  ronnorti-'d  with  a  common 
ventilating  pipe  leading  to  above  the  roof. 
The  soil  pipe  should  be  suspended  from  the 
celling  or  walls  of  tbo  rf^llnr,  nnd  have  a 
strong  iron  hanger  placed  on  it  close  to  the 
Stack,  and  where  possible  two  hangers,  one 
on  each  side  of  the  stack,  and  bnv<^  rlfrtnlntr 
screws  every  2I>  ft.,  along  the  horizontal  soil 
pipe  within  the  house. 


SEWAGE  DISPOSAL 
The  following  are  the  systems  which  have 
so  far  been  tried  and  adopted  In  many  ln> 

glances: 

1.  Burial  in  the  earth, 

2.  DIsehaVge  Into  the  sea  or  tidal  estuary. 

3.  Irrigation. 

4.  Precipitation. 
6.  FlltraUon. 

6.  Electroiyslft. 

7.  Bacienolysls. 

Burial  In  the  Earth. — The  contents  of  the 

pails  should  not  be  burled  In  the  pnbKOll,  but 
where  possible  should  be  nearly  plowed  into 
the  vegetable  soil. 

The  Septic  Tank  System.— In  this  system 
puriflcatioa  is  entirely  by  natural  agencies, 
and  the  septic  tank  Itself  Is  merely  a  recep- 
tacle designed  to  favor  the  multiplication  of 
micro-organisms  and  bring  the  whole  of  the 
sewi^ce  under  their  Influence.  To  this  end 
the  tank  Is  of  ample  size,  covered  so  as  to 
exclude  the  light,  and  as  far  aa  possible,  air. 
The  incoming  sewage  la  delivered  below  the 
water  level,  and  the  outlet  nlBO  Is  subni'TC'ii , 
with  the  two-fold  object  of  trapping  out  air 
and  avoiding  the  disturbance  of  the  upper 
part  of  the  contents  of  the  tanks.  On  enter- 
ing the  still  water  of  the  tank,  the  soils  sus- 
pended In  the  sewage  are  to  a  great  extent 
disengaged,  going  either  to  tho  bolt  en  nr  to 
the  surface,  according  to  their  specllic  grav- 
ity. In  the  absence  ot  light  and  air,  the  organ> 
isms  originally  p'resent  In  the  sewage  In- 
crease enormously  and  rapidly  attack  all  the 
organic  matter.    By  their  action  the  more 

complex  organlr  substances  are  converted  Into 
simpler  compounds;  and  these  in  turn  are  re- 
duced to  simpler  forms,  the  ultimate  products 
of  the  decomposition  lu  the  tank  being  water, 
ammonia,  carbonic  acid  and  other  gases. 
Other  nitrogenous  compounds  may  also  be 

present,  bi't  fbey  will  be  sohible  in  a  slightly 
alkaline  solutlou — a  condition  which  obtains 
with  every  normal  sewage. 

The  tank  should  hf  convtrncled  of 'such  a 
size  as  to  hold  the  daily  amount  of  sewage 
from  the  town  to  the  sewage  level  in  the  taon 
with  the  space  of  about  2  ft.  between  the 
sewage  level  and  the  crown  of  the  arched  rooL 
The  tank  should  kave  two  small  detritus 
tanks  at  the  Inlet  :ind  hp  provldf'fl  with  pen- 
stocks in  order  that  one  detritus  tank  may 
be  cleaned  while  the  other  Is  being  used.  The 
lower  part  of  the  detritus  tanks  should  be  lu 
two  compartments,  a  strainer  to  act  as  a 
bsffle  for  corks,  etc.,  should  be  placed  in  the 
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siirfnce  of  the  sewage  almost  im  mod  lately 
ttbove  the  divisiou  lu  ilie  lower  pari  of  the 
detritus  tank.  There  should  al>>o  be  a  pen- 
stock arrangement  bctwoen  the  detritus  tanks 
and  the  tidplic  luuk  lu  uidtir  that  the  septic 
tank  and  the  detrltua  tank  may  be  all  one 
comimrtnient;  there  ghould  ho  a  manhole  at 
the  lulet  pipe  In  which  out-  of  the  penstocks 
may  be  placed,  one  for  each  detritus  tank  and 
another  for  ilie  sejitk-  tank  lisRlf.  The  .<oi)(1p 
lauk  bhuuld  havt;  ixii  outlet  pipe  to  allow  gases 
to  escape.  The  bottom  of  the  tanks  fllicntld  ba 
sloped  to  an  outlet  for  cleansing  purposes. 
The  effluent  outlet  should  be  a  pipe  with  a 
slat  cut  in  the  side  or  a  cbambar  to  simulate 
such  a  pipe  terminating  in  a  well  outside. 
fYom  the  well  the  effluent  should  pass  into 
aarating  troughs,  over  th*^  side  of  which  it 
may  fall  into  channels  leading  to  distributing 
wells,  or  direct  to  the  filters. 

The  capacity  of  the  filter.s  s^hould  be  such 
that  when  tilled  with  the  filtering  material, 
the  interstices  may  be  about  able  to  hold  tho 
amount  of  sewage  to  be  disposed  of  dally.  Th  > 
filters  may  be  about  5  ft.  deep.  Collecting 
drains  are  laid  in  the  bottom  of  the  filters 
Joining  the  main  collectors,  the  latter  ter- 
minating in  discharging  wells  or  at  the  fil- 
trate outlet.  The  filtrant  may  be  coke 
breeze,  binken  furnace  clinkers,  etc.  The  sup- 
ply to  the  filters  Is  not  to  be  continuous  flow 
in  and  out,  but  intermittent.  Each  filter  Is 
to  be  put  through  a  cycle  of  filling,  resting 
full,  emptying  and  aerating  or  resting:  empty. 
The  filters  should  consist  of  a  set  of  five  or 
nine,  one  of  a  set  being  held  in  reserve. 
Where  natural  sand  beds  can  be  obtained 
these  may  be  used  instead  of  the  artificial 
Alters  mentioned;  they  may  he  used  exactly 
as  outlined  in  the  following  description  of  the 
disposal  of  sewage  for  rural  residences. 

A  Septic  Tank  and  a  Sub-Irrigation  System 
Suitable  for  Rural  Residences. — Under  this 
system,  in  suburban  and  rural  residences 
where  water  has  been  introduced  by  wind* 
mill  or'  force  pump  to  a  tank  in  the  house,  a 
simple  septic  tank  can  be  installed  ul  a  very 
little  roHt,  and  It  will  provide  for  the  decom- 
position  of  tho  organic  wastes,  without  nui- 
sance, and  the  regular  intermittent  dis- 
charges of  the  liquid  for  such  a  tank  3x3x3 
ft.,  can  be  regulated  by  a  valve  In  a  <  tiamber 
3  X  2  X  8  ft.;  these  discbarges  can  hv  led  by  a 
main  sewer  to  a  series  of  field  tiles  placed 
level  or  inverts  1  ft.  beneath  tlie  Hviif;i<e  of 
the  ground  and  about  1  ft.  apart,  iu  the  gar- 
den at  the  rear  o(  the  house,  about  30  k  40  ft. 


rectangular.  Thi.s  area  !«  usually  sufficient 
bpace  whereon  to  discharge  the  wastes  from 
an  ordinary  bouse.  A  larger  tank  and  more 
tiles  in  a  larger  piece  of  ground  can  be 
utilised  for  a  number  of  houses.  The  ground 
must  be  fairly  porous,  the  more  gravel  and 
sand  the  greater  the  capacity,  but  some  clay 
luauib  will  do  duty  naturally;  if  not  they  can 
be  made  to  act  by  laying  subsoil  tile  drains, 
say,  3  ft.  deep.  The  cold  of  winter  will  not 
prevent  the  operation  of  the  septic  tank  If  it 
aa  banked  with  earth,  has  a  double,  air-tight 
cover,  and  the  area  holding  the  field  tiles  i<> 
covered  with  a  good  2  or  3  ft.  of  straw,  kept 
in  place  and  not  tramped  down.  This  serves 
to  hold  the  snow  and  so  this  non-conducting 
surface  allows  filtration  to  go  on  through  the 
winter.  It  is  apiwrettt  that  what  Is  thus  avail- 
able for  separate  bouses  can  be  enlarged  Into 
a  system  for  a  block  or  street,  and  even  for  a 
whole  town,  where  the  natural  drainage  areas 
often  make  It  desirable  to  have  several  main 
sewers  connected  with  sewage  disposal  sys- 
tems at  the  ends, 

SCAVSNOIKO. 

By  this  Is  generally  meant: 

1.  The  removal  of  house  refuse; 

2.  The  cleansing  of  privies; 
S,  The  cleansing  of  streets. 

Undoubtedly  the  best  method  for  the  re- 
moval of  refuse  is  the  house  to  house  call 
syateni.  For  luuuy  years  before  the  growth 
of  >,anitury  science,  it  was  tkOUtAlt  aulBclettt 
to  tip  tills  materia!  info  pits  or  on  to  wn=te 
land,  upon  which  houves  were  eventually 
erected;  but  this  ttnwholesome  practice  is 
now  heiiig  done  away  with.  The  difficulties  In 
alteuiptiug  to  dltipube  of  town  refuse  In  an 
economical  and  sanitary  manner  has  led  to 
the  use  of  wluit  are  lalled  lefuso  de'^trtictors. 
The  principal  points  to  be  aimed  at  with  re- 
gard to  the  installation  of  these  are: 

1.  Convenience  of  locality  to  prevent  long 
cartage: 

9.  Easy  access  of  carts  to  tipping  plat- 
form; 

3.  Easy  and  rapid  means  of  charging  fur- 
naces; 

4.  Perfect  combustion  with  no  nuisaute; 

0.  Ease  of  stoking  and  withdrawal  of 
clinker  and  ashes; 

G.  Reduction  of  material  to  minimum  of 
clinker  and  ash; 

7.  Quick  combustion; 

8.  A  minimum  of  hand  labor; 
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».  No  itewlng  of  the  refui*  on  the  top  ot 

furnace; 

10.  Becttrins  H  much  thermic  vmlue  at 

possible. 

In  order  to  meet  these  requirements,  n 
uumber  of  destructors  have  been,  luveoled  and 
constructed. 

The  cleansing  of  privies  has  been  men* 
tiooed  under  sewage  dlaposal. 

CLEANSING  OP  STREETS. 

There  is  no  doubt  that  for  the  aake  ot  the 
appearance,  as  well  as  the  health  of  any  town, 
ItB  streets  cannot  be  too  well  cleaned;  this  is 
best  effected  by  machinery.  I  am  of  the 
opinion  that  the  work  of  the  collection  of 
house  refuse  and  cleansing  of  streets  should 
be  carried  out  by  the  local  authorities  with 
their  own  officers  and  staff,  and  that  execut- 
ing this  work  by  contract  is  a  mistake  and  a 
false  economy.  It  is,  perhaps,  true  that  it 
may  be  done  in  the  latter  manner  at  less 
actual  cost  to  the  taxpayers;  but  all  public 
work  should  be  done  In  the  best  manner  pos- 
llble,  IrrespectlTO  of  cost,  thoroughly,  but 
without  extravagance,  and  the  result  of  such 
work,  eapetdally  when  it  effects  the  cleanlinegR 
and  the  appearance  of  a  town  soon  fully  re- 
pays any  moderate  extra  cost  that  may  thus 
have  been  Incurred,  irresi>ectlTe  of  the  enor- 
mooa  benefit  that  1«  conferred  npom  tinj  com- 
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miiiiiiy  by  the  reduction  of  dlsi^iisc  and  the 
a«ath  rate  by  a  proper  attention  to  such  nec- 
eiaary  maltary  work. 

CEMETERIBS. 

These  should  not  be  constructed  within 
200  yds.  of  any  dwelling.  The  soil  of  ceme- 
terlei  ihould  be  of  a  loose  porous  nature, 
with  numerous  close  interstices  through 
which  air  and  moisture  may  pass  in  a  finely 
divided  state  freely  in  every  direction.  They 
.slioiild  bo  freo  from  liard  rook  to  a  depth  of 
12  It,  aud  sihould  be  drained  also  to  the  depth 
by  9-in.  glased  earthenware  pipes,  joints 
left  opt'n.  On  top  of  those  there  should  be 
placed  at  iuust  3  ft.  of  gravel,  broken  stone, 
clinkers  or  .^ome  such  material.  One  of 
such  drains  should  be  placed  in  the  center  of 
each  path  or  road.  There  should  be  man- 
holes as  in  ordinary  sewerage  systems  at  the 
Intersection  of  the  roads;  the  unaltered  drain- 
age should  not  be  allowed  to  pass  into  any 
water  coarse  or  ftream.  The  graves  should 
have  a  surface  area  of  4^  x  9  ft.;  the  first 
burial  should  take  place  at  a  depth  of  9  ft. 
and  the  last  at  a  depth  such  that  the  surface 
of  the  coffin  will  not  be  lees  than  4  ft.  below 
the  surface  of  the  ground.  No  grave  should 
be  nearer  the  boundary  line  than  20  ft. 
Cemeteries  should  be  properly  and  suitably 
fenced  to  prevent  animals  straying  over  the 
pounda. 


COMPRESSED  AIR  AND  THE  KINETIC 
.  THEORY  OF  GASES 

By  J.  H.  HART 

CO.NDENSED  FROM  "POWER" 


To  the  ordinary  consumer  of  compressed 
air  it  isurvus  simply  the  yurpoau  ot  au  energy 
reservoir  and  for  power  transmission.  Its 
utilization  in  this  field  is  so  fiTicient  and  is 
so  easily  obtainable  that  it  is  doubtful  if  it 
will  ever  be  replaced  by  any  other  material. 
In  reality,  however,  the  general  viewpoint  of 
compressed  air  as  an  energy  reservoir  is  fal- 
lacious— compressed  air  contains  no  more  ett^ 
er^  than  ordinary  air.  Compressed  air  Is  sim- 
ply air  which  has  been  compressed  to  a  higher 
pressure  and  the  laws  which  govern  it  are  sim- 
ply those  which  hold  throughout  in  the  kinetic 
theory  of  gases.    According  to  tbis  theory,  a 


gas  Is  made  up  of  individual  molrrulo?  flying 
around  through  space  like  small  projectiles, 
collidiuf;  and  re-colliding  with  each  other  and 
with  the  walls  of  containing  vessels.  The  sum 
matlon  of  this  series  of  blows  on  a  surface 
constitutes  what  Is  known  as  pressure.  The 
real  meaning  of  temperature  is  absolutely  un- 
known, but  it  is  known  that  absolute  tem- 
perature to-day  Is  directly  proportional  to  the 
mean  kinetic  energy  of  these  small  projec- 
tiles or  molecules.  Now,  In  order  to  under- 
stand Tarlatlons  in  pressure,  temperature  and 
volume,  a  complete  knowledge  of  the  relations 
of  these  projectiles  to  each  other  and  the 
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transfer  of  energy  between  tbeni  is  alWQltttoly 
essential,  and  a  »tudy  of  this  phenomenon  is 
what  Is  known  as  tbc  kinetic  theory  of  gases. 

To  ahow  tbat  the  first  BUUmant  In  regard 
to  compressed  air  as  an  energy  reservoir  is 
true,  all  we  need  to  consider  Is  the  fact  that 
the  temperature,  if  not  identical  wiih,  is  at 
least  proportional  tu,  the  fnergy  ot  the  mole- 
cule. When  a  Kii-s  is  luiiipressed  tbe  mole* 
cvalm  are  given  an  increased  amount  of  kinetic 
energy.  This  mpans  that  they  are  raised  in 
temperature  by  cumpreflslon.  If  the  gaa  now 
under  pressure  is  allowed  to  cool  off  to  uoi- 
mal  temperatures  it  tliereby  loses  the  energy 
which  has  been  pat  into  It  and  whi<di  has 
become  apparent  as  an  incroas*'  iu  tempera- 
ture. Each  molecule  possesses  precisely  the 
same  ktnette  energy  aa  before  compression  and 
In  a  gas,  unless  extreme  coni|irrsslon  is  ao- 
complished,  the  molecules  still  rexuaia  at  a 
distance  stifficlently  apart  to  haye  no  inflaenoe 
on  eai  b  oth<  r.  Hence  flu-  fotnl  kinetic  oii- 
ergy  in  tbe  gas  under  compression  Is  identi- 
cal with  the  total  kinetic  energy  In  the  gas  be- 
fore compression.  Of  courKe.  the  energy  has 
been  concentrated  in  amount  per  cubic  foot, 
but  If  this  gas  were  allowed  to  expand.  In 

ii  l  ylinder  wHiiout  ac*  e.'-s  to  the  outside  air. 
or.  rather,  without  thermal  connection  with 
surrounding  bodies,  little  or  no  work  could  be 
obtained  from  it. 

COMPRB88£0  AIR  MERELiY  TRANSFORMS 
BNBROT. 

In  reality,  a  gas  under  pressure,  when  it 
starts  to  expand,  loses  some  ot  its  energy  to 
the  piston.  It  then  possesses  a  smaller  amount 

of  mean  kinetic  energy  per  molecule  and  in, 
therefore,  at  a  lower  temperature.  It  is  Im- 
nedlately  raised  by  the  surrounding  atmos- 
phere, or  containing  vessel,  to  normal  tem- 
perature and  can  then  continue  doing  work 
at  this  higher  pressure,  and  the  process  con- 
tinues until  the  pressures  on  Ixnh  siiK  s  of  thp 
piston  become  equal.  From  this  it  is  evident 
that  compressed  air  Is  not  a  reservoir  of  en- 
ei:;\  in  any  form;  It  Is  merely  a  transformor 
of  energy  which  has  been  put  first  into  the 
compressed  air,  and  lost  from  that  Into  the 
atmosphere,  from  wliirh  it  is  taken  back  when 
it  is  desired  to  be  utilized.  This  is  a  rather 
new  conception  of  compressed  air  for  most  en- 
gineers. t>ui  tli<  r<'  Is  no  doubt  at  all  that  it 
Is  a  correct  statement  of  actual  conditions. 
Compressed  air  expanded  freely  Into  a  vacuum 
does  absolutely  no  work  and  dof.s  not  rool  oft 
or  lose  energy.  In  reality,  the  compression 
of  atr  means«  from  the  thermodynamic  vieW' 
point«  an  tncreass  In  Us  entropy. 


This  beoomes  evident  whan  the  comprci^sioQ 
on  a  pressure-volume  diagram  is  considered. 
Every  engineer  knows  that  the  curve  which 
represents  adtabatle  compression  is  steeper 
than  tbe  curve  representing  isothermal  com- 
pression. An  adiabatic  curve  is  synonymous 
with  what  is  known  as  an  "isotropic"  curve, 
and  this  latter  name  is  quite  as  generally 
used.  An  Isotropic  line  is  a  line  of  constant 
entropy,  and  going  from  one  isotropic  line 
in  the  pressure-volume  diagram  to  another 
means  a  change  in  the  entropy.  Now  most  com- 
pression is  adiabatic.  If  at  all  rapid.  Of  course, 
tbe  object  in  compression  is  to  get  the  curve 
as  near  isothermal  as  possible  In  order  to  dl- 
mini.sh  the  amonnt  of  work  necessary  to  pro- 
duce the  compression.  Hence,  we  have  three- 
stage  compressors  In  which  the  gas  Is  com- 

jireK!-ed  ailiabalicully,  then  cooled  off  to  the 
temperature  that  it  would  have  had  if  com- 
pressed Isothermally,  and  the  process  repeated 
Iwlcf,  giving  throe  stages.  This  result.s  in  an 
increased  effldency  of  production,  but  since 
the  processes  are  Identical  in  action  only  one 
— that  of  the  .singlo-stage  cominessor — need 
be  considered.  In  this  the  compression  is  gen- 
erally adiabatic,  then  the  curve  drops  vertically 

to  the  isothermal  point  as  the  gas  cools  oft 
and  the  pressure  diminisbos  on  this  account 
without  change  In  volume.   At  this  point  In 

the  diagram,  however,  the  gas*  has  reached  un- 
olber  adiabatic  curve  passing  through  this 
point  so  that  the  total  change  In  the  gas  is 

in  ri'ality  simply  a  change  in  i>rc.sHtire.  volume 
and  entropy,  whatever  the  latter  may  mean. 

KINBTIC  THEORY  CLEARS  UP  COMPLEX 
POINTS. 

There  is  no  doubt  that  a  capable  treatment 

of  the  subject  of  compressed  air  from  the 
standpoint  of  the  kinetic  theory  of  gases  eluci- 
dates many  complex  points  and  renders  clear 
murh  that  Is  otherwise  obscure.  This  con- 
ception of  the  energy  in  compressed  air  ex- 
plains clearly  the  Inability  to  utilise  It  In  free 
expansion.  In  the  transference  of  energy  from 
place  to  place,  through  long  pipes,  this  is  car- 
ried on  by  a  series  of  bombardments  from 
mnlernle  to  molecule  and  explains  the  time 
taken  in  transmission  and  the  loss  of  energy, 
or  tbe  diminution  in  pressure,  which  resalts 
when  the  transmission  fs  long.  Tr  enahles  the 
engineer  to  undcr.stand  clearly  what  occurs  in 
compression  and  what  Is  meant  by  the  differ- 
ent  kinds  nf  eompression.  Thus,  adiabatic 
compression  means  compression  in  which  heat 
as  sttdi  does  not  pass  to  or  from  the  air  or 
gas  In  the  containing  vessel.  Every  tine  mole- 
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cules  are  hit  bjr  the  piston  they  ar«  forced  to 

rebouud  and  given  an  increased  energy.  This 
energy  1b  not  lost  in  adiabauc  t  xpiiusiou  to  the 
walls  of  the  containing  vessels,  but  Is  preient 
when  the  molecules  collide  with  the  piston  a 
second  time.  It  explains  by  this  reasoning  tlie 
iDMiner  in  which  the  iireHBure  rises  abBornialty 
over  that  in  Isothermal  compression. 

In  thifl  latter  the  molecules  rebound  from 
the  piston  with  an  access  of  energy,  but  this  is 
loet  by  transmission  to  the  walls  of  the  con- 
taining Y^sel  before  they  collide  again; 
hence  the  pressure  does  not  rise  abnormally 
OTer  what  it  should  theoretically  be.  In  this 
respect  the  pressure  depends  simply  on  the 
force  with  which  each  molecule  strikes,  the 
number  of  times  It  strikes  a  second,  and  the 
nmnber  of  molecales  which  hit  per  square  Inch 
of  surface. 

When  a  gas  is  compressed  more  molecules 
are  contained  In  a  glToi  space,  hence  the 

bombardment  iucreaHes  both  on  account  of 
increased  number  of  molecules  striking  and 
on  Bcoount  of  increase  In  number  of  times  of 

striking  per  second.  This  explanation  com- 
pletely satisfies  and  explains  the  behaWor  of 
a  gas  In  Its  relation  to  pressure  and  volume 

and  also  explains  deviation  from  this  rela- 
tion, known  as  Boyle's  law.  and  does  it  ac- 
«iirately  and  eHlelently,  so  that  theory  Is  com- 
pletely in  iiLixird  with  practice.  In  general, 
the  kinetic  theory  of  gases  Is  the  only  thing 
that  completely  explains  the  behavior  of  gas 
under  all  conditions  and,  further,  It  not  only 
does  this  but  it  has  foretold  many  phenomena 
previously  unknown  and  these  have  been  veri- 
fied li\  experiment. 

In  addition,  it  explains  many  things  in  ther- 
modynamtes.    Thus  i&  Camot's  erele.  if  a 
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gas  Is  expanded  laotbermally  as  far  as  It  can 

be  by  the  limitations  of  the  mn chine,  each 
molecule  hits  with  its  maximum  kinetic  en- 
ergy  and  as  soon  as  it  rebounds  it  obtains  the 
same  from  the  walls  of  the  veKbel.  It  is  tp- 
duced  to  the  lower  temperature  udlabatically, 
that  is,  most  emciontly.  No  heat  is  obtained, 
from  the  walls  of  the  vessel  during  this 
change  and  It  reaches  the  lower  temperature 
and  pressure  with  minimum  effort.  Then  in 
compression  each  molecule  is  hit  by  the  piston 
when  it  possesses  its  lowest  possible  kinetic 
energy  and  the  access  of  energy  given  It  at 
this  time  is  lost  to  the  walls  of  the  contain- 
ing vessel  before  it  is  bit  by  the  piston  again. 
Heuco  this  compression  is  most  eOlclent  and 
in  the  following  adlabatic  compression  the  gaa 
is  returned  to  its  higher  pressure  and  tem- 
perature with  a  minimum  loss,  since  no  heat 
or  energy  during  this  transformation  goes  Into 
the  walls  of  the  vessel. 

There  is  no  doubt  that  a  study  of  the  kinetic 
theory  of  gases  completely  elucidates  many 
of  the  obscure  points  (and  In  fact  all  of  them) 
in  the  conception  of  the  compression  of  gases, 
if  it  is  investigated  sufficiently.  Of  course 
this  1«  work  primarily  for  physlelsts,  but  en- 
gineers  are  daily  becoming  more  und  more  in- 
terested in  physical  science  and  it  is  absolutely 
necessary  today  that  a  compressed-air  en- 
K'iiK  cr,  or  nianuf.K  t iirer,  or  even  the  con- 
sumer, should  know  enough  of  this  develop- 
ment to  understand  the  phenomena  which  are 

snlng  on  inside  of  the  compressor.  By  this 
Oceans  reheating,  and  the  reason  for  the  in- 
creased efflelency  obtained  thereby,  become 

simple  and  clear.     The  presence  of  moisture 

in  the  air  and  ita  effect  on  the  efficiency  also 
are  eaellr  nnderstood. 


COMPARATIVE  PERFORMANCE  OF  STEAM 
AND  ELECTRIC  LOCOMOTIVES 

By  ALBhRT  H.  ARMSI  RONG  ' 


Before  considering  the  electric  locomoiho, 
much  the  simpler  of  the  two,  il  in  advisable  tu 
determine  the  general  characteristics  and 
limitations  of  the  f?tpam  locomotive  vlc'vcd 
Irom  the  tstanUpuiui  of  the  electrical  eugl- 
Aeer,  In  order  that  the  scope  of  the  problem 

•Al>,' (nil  r  «f  ri>i'(T  !"' vul  ;...>for<  the  Amerl  r:  ;ii;:.tu{e 
«t  Electrical  Enslaoere.  New  York,  on  November  b,  IWil- 


may  be  thoroughly  undrrstood  and  the  lines 
ul  cuutrast  be  sharply  drawn. 

Without  considering  the  reasons  governing 
the  Introduction  of  the  electric  locomotives  at 
termini  and  in  tunnels,  we  And  In  a  Compari- 
son of  the  characterlstlca  of  the  steam  and 
electric  locomotives  a  contrast  so  marked  that 
il  shows  not  only  the  superiority  of  the  elec> 
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trie  locomotive  tor  general  railway  coiull- 
t!or:«  ijui  li  also  suggests  changes  of  a  funda- 
uieutal  iialuie  iu  present  tnetbods  of  opera- 
tion now  necessary  with  tHamm  locomoiivea. 
And  ihpsc  lieneQts  to  be  secured  not  only 
occur  iu  the  operation  of  passenger  trains,  but 
•re  felt  to  an  even  greater  degree  In  the  haul- 
age of  the  heaviest  freight  trains,  a  field  sup- 
posedly the  exclusive  domain  of  th«  steam 
locomotive. 

in  general,  the  electric  locomotive  must 
compete  with  the  compound  steam  locomotive 
on  lovel  divisions,  and  the  simple  eiiK>ne  on 
ueavy  grade  divisions,  although  the  Mallet 
compound  has  lately  been  introduced  trlth 
some  success  in  this  latter  class  of  work. 

Owing  to  clearances  it  is  seldom  tbat  a 
steam  locomotive  can  work  at  more  than  90% 
of  tbe  theoretical  full  stroke,  and  hence  the 
maximum  tractive  effort  at  sUrUng  with  lever 
lu  the  comer  will  not  be  much  greater  than 
of  tbe  theoretical  tractive  effort  available 
with  gage  pressure  in  the  cylinders.  The 
steam  locomotive  is  limited  as  to  maximum 
tractive  effort  by  its  engine  design,  and  lim- 
ited as  to  tbe  speed  at  which  this  tractive 
effort  is  available  by  the  capacity  of  the  boiler 
to  supply  steam.  Thus,  assuming  that  the 
locomotive  will  give  88%  of  lt«  theoretical 
tractive  effort  when  starting.  It  Is  capable  o( 
providing  but  SO^i,  tractive  effort  at  a  speed 
of  10.6  miles  per  hour  (with  the  constants  of 
the  particular  locomotive  chosen  for  Illustra- 
tion— of  the  ^^iniplc  consolidation  type),  at 
which  the  boiler  is  giving  its  £«11  output. 
Hence  higher  speeds  can  only  be  reached 
with  a  lewMr  cut-oft  and  a  consequent  reduc- 
tion in  mean  effective  pressure  and  tractive 
effort.  Locomotive  engines  are  generally  de- 
sif^ned  to  give  their  maximum  tractive  effort 
at  90'.',  theoretical  cut-off  at  a  point  corre- 
sponding to  a  coefTlclent  of  adhesion  of  ap- 
proximately 22'/,  of  the  weight  upon  the 
drivers:  that  is,  at  about  slipping  point  Of 
ateam  locomotives  witli  guud  rail  conditions. 
It  is  immediately  evident,  therefore,  that  the 
tonnage  rating  of  the  locomotive  on  ruling 
grade  must  be  so  proportioned  that  the  maxi- 
mum tractive  effort  calle<l  for  will  be  lose 
than  the  available  tractive  effort  of  the  loco- 
motive in  order  to  provide  a  small  percentage, 
sajr*  10  or  15<;r,  for  possible  starting  under 
maximum  grade  and  load  conditions.  In 
other  words,  as  the  steam  locomotive  is  de- 
signed so  that  the  maximum  tractive  effort  is 
delivered  at  a  point  not  greater  than  22%  of 
vhe  weight  upon  the  drivers,  it  is  not  possible 
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to  take  advanUige  of  possible  abnormally 
good  rail  conditions  (.either  natural  or  made 
abnormal  by  the  use  of  sand),  as  the  engine 
itself  will  fail  to  deliver  any  excess  tractive 
effort  thus  made  available  with  Increased  co- 
efficient of  adhesion. 

On  the  other  hand,  the  tractive  effort  of  the 
electric  locomotive  is  limited  only  by  tbe  ad- 
hesion between  driving  wheels  and  rail,  and 
aside  from  some  IS'.c  greater  adhesion  pos- 
sible with  the  uniform  tractive  effort  provided 
by  the  electric  locomotive,  it  is  i)ossible  with 
this  type  of  motive  power  to  take  momentary 
advantage  of  abnormally  good  rail  conditions 
or  to  derive  full  beneat  from  tbe  use  of  sand; 
Indeed,  tests  have  been  taken  with  electric 
locomotives  showing  as  high  as  Za'ji  co- 
efilclent  of  adhesion  between  driving  wheels 
and  rails.  This  point  is  emphasized  as  with 
the  greater  tractive  effort  of  the  electric  loco- 
motive It  becomes  possible  to  give  it  a  higher 
tonnage  rating  tbr  tbe  same  %vt^lglu  upon  the 
drivers  than  would  be  possible  with  steam 
loeomotives  operating  over  the  game  track 
profile. 

A  22  X  30-ln.  steam  locomotive  of  the 
simple  type  equipped  with  57-ln.  drivers,  con- 
trasted with  both  an  alternating-current 
geared  and  a  direct-current  gearless  electric 
locomotive  designed  for  the  same  tractive  ef- 
fort both  maximum  and  ruiiiiiiiK,  but  for  a 
higher  speed,  brings  out  sharply  the  small 
■peed  variation  with  different  tractive  efforts 
delivered  by  tbe  electric  locomotives,  this 
small  variation  being  even  more  marked  in 
the  case  of  the  direct-current  gearless  than 
in  the  case  of  the  alternating-current  geared 
motor  working  at  a  lower  iron  saturation  and 
thus  affording  a  more  sloping  speed  character- 
istic. 

The  steam  locomotive  chosen  is  typical  of 
those  in  general  use  upon  our  mountain-grade 
divisions,  the  tonnage  rating  in  operation  of 
this  particular  locomotive  being  such  as  to 
call  for  a  tractive  effort  of  25,600  lbs.  on 
aTOr»g»  grade  and  S3, 200  lbs.  on  the  maxi- 
mum ruling  grade  occurring  on  a  certain  en- 
gine division,  thus  leaving  a  margin  of  6.300 
lbs.  above  ttie  demands  of  maximum  tonnage 
on  maximum  ruling  grade,  for  starting  the 
train  from  rest. 

The  maximum  speed  available  at  the  dif- 
ferent tractive  efforts  is  a  matter  of  holler 
capacity,  condition  of  boiler,  quality  of  coal, 
and  elTlclenoy  of  fireman.  The  first  of  these 
factors,  the  boiler  capacity,  ran  ht^  controlled 
»»v  properly  proportioniug  the  design  of  the 
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bolter  to  enslM  eapaelty,  but  there  are  three 

other  factors  which  the  loromotive  manu- 
facturer cannot  control,  and  two  of  these 
factore  constltnte  euffldeHt  caaie  to  warrant 
a  considerable  reduction  In  the  theoretical 
rated  capacity  of  the  boiler.  Such  a  locomo- 
tive In  prime  condition  carefully  fired  with 
the  best  coal  (approximating  14,000  B.  T.  U.  >, 
should  be  able  to  deliver  full  tractive  effort 
at  10.6  mUea  per  hour,  bat  In  practice  It  has 
been  found  that  the  average  condition  of 
boilers  and  the  average  firing  provided  by  the 
none  too  eoneelentloaa  or  diligent  fireman, 
cuts  the  sustained  boiler  output  down  to  not 
much  greater  than  li%  of  its  output  under 
what  mutt  be  conaldered  exceptional  or  mo- 
mentary conditions. 

The  "critical  speed"  of  the  locomotive  is 
T.ta  mllea  per  hour  when  working  at  76%  of 
full  attainable  boiler  capacity,  and  the  coal 
consumed  under  such  circumstances  will  be 
4,8<9  Iba.  per  hour,  oorreapondlng  to  1.28  ihe. 
of  coal  burned  per  square  foot  of  heating  sur- 
face, at  which  rate  we  would  expect  an  evap- 
oration of  approximately  7  Ibe.  of  water  per 
pound  of  coal. 

What  might  be  termed  the  "performance 
capacity"  of  a  ateam  locomotive  mi^  be 
■worked  out  from  its  speed  and  tractive  effort 
characteristics,  using  as  a  basts  the  1,000  ton- 
mllei  trailing  load  moved  per  hour  on  a  level 
or  any  gradient  selected.  The  prevalence  of 
2.2%  ruling  grade  on  many  of  our  Western 
roada  perhapa^  Juatlflee  the  leleetlon  of  that 
figure  for  demonstration  purposeb:  and  the 
coal  consumed,  crew  wages,  and  xnalntcnance 
charge!  may  all  be  worked  out  from  the 
basis  of  continuous  operation  per  1,000  ton- 
mlles  trailing  load  on  2.2C«  grade. 

Having  broadly  outlined  the  performaneo 
characteristics  of  the  simple  consolidation  en- 
gine frequently  met  with  la  heavy  grade 
operation.  It  becomes  neeeaeary  so  to  propor- 
tion the  constants  of  the  electric  locomotive, 
assumed  to  replace  it,  as  to  gain  the  greatest 
ben^t  from  the  different  inherent  diaraeter- 
latlcs  of  the  latter  type  of  motive  power 

With  the  small  speed  variation  of  the  elec- 
trie  locomotive,  and  due  to  the  fact  that  Its 
motive  power  I?:  separate  from  Its  unlimited 
source  of  power  generation,  it  la  poealble  to 
consider  radical  changes  In  the  method  of 
moving  freight,  more  esperlally  on  mountain- 
grade  divisions.  It  has  become  a  partly  ac- 
cepted fact  that  the  electric  locomotive  charae- 
terlptlc  should  be  so  proportloncfl  as  to  enable 
it  to  oi>erate  trains  at  a  high  rate  of  speed  on 
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level  track  and  at  a  much  slower  speed  on 

prndes,  in  fact,  conforming  with  present  steam 
practice  in  this  respect.  The  writer  would 
again  point  out  that  steam  railroading  to-day 
Is  in  reality  steam  locomotive  practice  in  that 
the  speed  possibilities  of  different  track  dlv- 
lalone  are  restricted  to  a  large  extent  by  the 
limitations  of  the  steam  locomotive.  In  other 
words,  the  only  reason  why  it  is  common  prac- 
tice to  run  at  vory  tow  speeds  on  mountain- 
grade  divisions  Instead  of  continuing  the  high 
speeds  in  vogue  on  more  level  ^rtions  is  be- 
cause a  steam  tocomotiv*  cannot  be  built 
powerful  enough  to  supply  the  heavy  tractive 
effort  required  at  any  higher  speeds  than 
those  now  In  vogue. 

Except  for  the  fact  that  curves  arc  usually 
of  shorter  radius  on  heavy  grades  than  on 
levels,  there  Is  no  reason  for  the  slower  speed 
of  trains,  provided  a  type  of  motive  power  is 
available  that  is  capable  of  supplying  great 
draw-bar  pulls  at  high  speeds.  It  is  Inst  this 
characteristic  which  the  electric  locomotive 
possesses  to  an  almost  unlimited  extent,  and 
such  loeomotivei  can.  be  built  which  are 
even  more  powerful  and  operate  at  higher 
speed  than  can  be  utilized  at  present. 

The  electric  locomotive  may  be  equipped 
with  motors  of  several  different  types, 
each  having  characteristics  best  qualify- 
ing it  for  certain  classes  of  work.  As  the 
direct-current  gearless  motor  can  be  built  In 
the  largest  sizes,  is  the  best  understood,  and 
Is  In  suoossstul  operation  upon  a' very  Impor- 
tant division  of  one  of  the  largest  steam 
roads,  it  Is  here  chosen  as  the  equipment  of  a 
typical  electric  locomotive. 

The  large  output,  4  80  HP.  for  one  hour  and 
iOO  UP.  continuously,  illustrates  what  can 
be  accomplished  with  this  type  of  motor.  The 
output  of  the  complete  locomotive  Is  depen- 
dent upon  the  number  of  motors  permitted 
with  the  construction  adopted.  Thus,  sueta  a 
four-motor  equipment  Is  capable  of  dellverlnij 
a  tractive  effort  of  56,800  lbs.  at  a  speed  of 
S3  miles  per  hour  approximately  (depending 
upon  the  voltage),  while  the  rfllclency  of  con- 
version at  this  output  would  be  87%,  rising 
to  a  maximum  of  98^  at  higher  speeds  and 
lower  trrtctive  effort.  .\nother  form  of  con- 
struction, say  one  similar  to  that  employed  In 
the  largest  Mallet  compound,  would  permit 

the  tfe  n?  (wo  four-nxle  articulated  truck;, 
providing  an  ccjulpmcnt  of  eight  motors^ and 
an  output  of  118.600  lbs.  at  a  speed  of  28 
mllett  per  hour. 

The  same  motors  could  readily  be  rewound 
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to  give  the  same  tractive  effort  at  consider- 
ably increased  speeds  it  desired,  without 
materiully  IneraasliiK  the  internal  losses  of 
conversiou.  Bearing  fully  iu  mind  the  fact 
that  a  single  operator  lias  this  enormous 
energy  under  perfect  control,  and  that  such  a 
1«<  umoilve  could  do  the  work  of  two  or  more 
Mallet  compounds  and  several  locomotives  ot 
the  simple  Consolidation  type,  it  becomes 
evident  that  in  the  electric  locomotive  thoio 
are  tremendous  possibilities  of  Improving 
preeent  methods  ot  railway  operaUon  as  now 
conducted  with  the  steam  loiomolive.  Carry- 
ing  the  thought  a  step  further  and  appre- 
ciating that  several  snch  electric  locomotive 
units  may  be  operated  in  a  group  foruiiug  a 
combined  unit,  it  becomes  evident  that  iu 
the  electric  locomotive  we  have  a  type  of  mo- 
tive puwer  capable  of  furnishSug  any  output 
in  tractive  effort  and  sj^d  tliat  present  or 
future  operating  conditions  may  demand. 

Though  the  electric  locomotivf  cau  ver\ 
readily  be  designed  to  give  the  same  tractive 
effort  at  a  higher  speed,  30  miles  per  hour 
is  assumed  as  the  highest  speed  permissible 
due  to  the  alinement  oC  the  tracli  on  heavy 
grades. 

To  plot  a  performance  capacity  curve  for 
the  electric  locomotive*  certain  further  as- 
sumptions are  necessary. 

Type  of  equipment,  direct-current  gearless 
motors. 

Weight  of  total  locomotive  ,125  tons. 

Weight  on  drivers   100  " 

Engineer,  wages  per  hour   10.50 

Conductor,  wages  per  hour    0.40 

Three  brakemen,  wages  per  hour..  0.90 

Total  wages  of  crew   1.80 

Bflleiency  of  transmlssldn,  rail  to  bus-bar. 

Maintenance  of  locomotive,  &  cents  per 

mile  run. 

Tiie  train  crew  is  so  divided  as  to  permU 
the  location  of  a  brakeman  in  the  engineer's 
operating  cab. 

The  cost  of  electrical  power  must  in  this 
instance  be  most  arbitrarily  assumed,  owing 
to  the  widely  different  coat  of  coal,  possibil- 
ity of  water  po%vt  r,  i  tr.,  obtaining  In  different 
localities.  As  the  cost  of  coal  for  steam  lo- 
comotives will  also  vary  greatly  as  to  price 
and  quality,  it  has  been  assumed  at  13.00 
per  2.000  lbs.,  and  a  cost  for  electric  power 
of  oue-half  cent  per  kilowatt-botir  is  based 
upon  using  the  same  price  and  quality  of  coal. 
As  it  is  further  assumed  that  an  entire  en- 
gine division  of,  say,  150  miles  is  to  be  eleo- 


trifled,  it  gives  promise  of  a  24-hour  load-fac- 
tor of  60%,  and  this  ligure  has  been  taken. 
Approximating  the  first  cost  ot  installation  of 
the  genc-ratiiiK  station  at  $100.00  per  l\ili> 
watt,  and  allowing  10%  per  year  for  Interest 
and  other  fixed  charges,  the  coat  ot  power  Is 
brought  up  to  possibly  $0.0075  per  kilowatt- 
hour  at  the  station  bus-bar. 

The  reduction  In  the  operating  expenses 
is  effected  in  the  two  items  of  i  rew  wagos 
and  maintenance  of  locomotives,  and  the  cost 
of  fuel  remains  practically  unchanged.  The 
speed  does  not  affect  the  cost  of  fuel  or  powi  r. 
it  being  assumed  that  the  motive  power  for 
the  various  speeds  is  so  proportioned  as  to 
operate  at  the  point  of  greatest  economy. 

With  coal  at  IS.OO  per  2,0 UO  lbs.  in  each 
case,  the  steam  locomotive  can  generate  a 
horse-power  at  the  drivers  at  an  expendituro 
of  10.006,  as  against  I0.U039  tor  fuel  alone 
with  the  electric:  but  the  two  figures  are  not 
iliM:'Ctly  comparable. 

The  saving  or  deficit  in  the  power  item  with 
electric,  as  contrasted  vrlth  the  fuel  Item  ot 
steam  locomotive  operation,  must  be  largely 
determined  by  the  local  factors  entering  into 
the  case. 

The  cost  of  fuel  or  power,  being  funda- 
mental, constitutes  a  fixed  item  in  the  total 
cost  ot  operation,  while  the  other  two  items, 

crew  wages  and  maintenance  expenses,  will  be 
determined  solely  by  the  method  of  operation 
and  the  exceilenoe  ot  motive  power  used. 

The  schedule  speed  on  several  mountain 
divisions  Is  approximately  50:^  of  the  average 
running  speed,  and  this  figure  Is  assumed  In 
the  following  statement  of  cost  of  operating 
1,000  ton-miles  with  steam  locomotives,  aver- 
aging the  cost  of  up  and  down-grade  running. 
Owing  to  the  higher  schedule  speed  of  elCO- 
trically  operated  trains,  resulting  in  fewer 
meeting  points  with  the  same  tonnage  han- 
dled, and  due  to  the  absence  of  forced  stops 
to  take  on  fuel  and  water,  etc.,  it  is  assumed 
that  with  electric  motive  power  the  schedule 
speed  may  be  60':i.  of  the  running  speed. 

With  the  electric  locomotive  standing,  or 
coasting  down  grade,  there  Is  no  demand 
whatever  made  upon  tba  generating  station, 
and  hence  the  only  expense  carried  through 
these  periods  is  that  for  train  crew  and  a  cer- 
tain amount  for  maintenance.  On  the  other 
hand,  with  the  steam  locomotive  there  is  a 
considerable  amount  of  fuel  burned  and  water 
wasted  when  standing  at  sidings  and  when 
coasting.  In  the  case  of  mountain  railroad- 
ing, with  its  frequent  and  prolonged  delays. 
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Ai»  VMte  may  reach  conslderabie  proportions. 

Locomotive  pcrtormaoce  capacity  curves 
may  therefore  be  plotted  which  will  show 
•npraslnietely  the  true  relation  between  the 
leveral  items  of  fuel,  crew  wages  and  motive 
power  maintenance,  by  adhering  to  the  follow- 
ing aiaamptiona: 

B«t!o  a«hediil»  to  nnalJif  ipMd  up- 

itrado.  etmm  tocomottre  50% 

nfflt!o  ?;<'hi»ilul«>  ?f>  rur.nlrE  <pe€<I  up- 

^riulf'.    i  lffitri.'    locniuor  ivi'  «» 

Schedule  spoiHl  «lowp-gr»<le.  stwun. . .  mi.  per  hr. 
adnAnto  spead  4owa'Biadn,  •iNtnc.lS  mi.  per  hr. 

Ocwt  of  cofti  mxi  Mr  2.000  lbs. 

Cost  of  electric  iiowfr   Ui>T5  per  KW.«)ir. 

EITlcieDcy  of  dlntrlbutioii  '<y\ 

Crew  wages  per  hour,  steun.  l.i. 

Cr«w  wai;e«  per  boar,  el«ctrle  tt.tiO. 

Malntvunco  locomaUTe,  siMiB  {0.18T  per  mUe. 

H Mlatcnurae  locomotlvs.  tieetcta. . .  .|0v06  psr  nils. 
~     wut*  per  tdio  boor,  rteui  400  Ita. 


In  practical  operation  the  fuel  expense  ap- 
proaches more  nearly  to  the  value  of  the  other 
ftemi  coDBldered*  instead  of  being  greatly  In 
exf'tsa  of  them  as  Indicated  In  thoori'ilcal  per- 
formance curves,  showing  up-grade  operation 
ooljr.  Fbr  operatloii  on  lesser  grades  than 
2.2%  all  items  are  reduced,  and  the  total  ami 
subdivided  comparative  costs  are  given  in  the 
following  table: 

COMPARATIVB  OPERATING  EXPENSES  PER  1.000 
TON-MILES  STKAM  (SIMPLE)  AND  KLECTBIC 
LOCGMOTIVK.-; 

AVERAGE  OF  tP  AND  DOWN-GRADE  OPKKATION. 
Steam  Locomotives. 

Or»de                4%            ITo  2% 

Coal                   15    cU.      :r>  5  ct«.      33  Cta.  SS  cU. 

Crew                13.5  "      24     "      3«  "  60  " 

Msinteaanoa.  10.B  "      n.a  "      M  "  »  " 

Total               W     "             "     UN)  "  US  " 

BiMtrle  Locomotlvaa. 

Orad*    WX,  1%  1H%  '-"^o 

Powff    iirt    ct<i.  35  5  rts.      Tifl  o  et».      »W  cU. 

Crew    7.2  ••  V2M  -       IH      "  24 

MalDicnntKO      .^«  ••        iv^  ••        -j.i)  ••       11.9  " 

TMsl    ■■■'>•>   ■■  ■■       T7.5  ••  101.9 

earing  Kdlevlei  by  Kk<«:trlc  Oporattoo. 

c4s.  13.4  cts.  eti. 
A  Study  of  the  above  table  is  most  instruo* 
tlY'e,  as  it  shows  that  while  the  percentage  sav- 
ing with  electric  operation  is  approximately 
the  same  whatever  the  ruling  grade,  yet  the 
actual  money  saving  is  much  greater  on  the 
heaviest  grades.  As  about  the  same  in  vest- 
vent  mast  be  made  in  each  case  for  distribu- 
tion system,  including  third-rail  or  overhead 
trolley,  sub-stations,  etc.,  the  inference  must 
be  drawn  that  heuvy-grado  divisions  present  a 
more  attractive  field  for  eiectriflcation  than 
level  sections  when  considered  from  the  purely 
economic  standpoint.  Thtte  are  other  Items 
of  Slaving  and  other  reasons  for  electrification 
which  may  be  more  or  less  controlling  in  in- 
dividual cases,  but  it  seems  posalble  to  make 
the  broad  statement  that  the  mountain-grade 
division  offers  a  particularly  attractive  field 


for  the  electric  locomotive,  and  its  introduc- 
tion should  be  the  means  of  effecting  such 
economies  In  both  freight  and  passenger  trans- 
portation as  to  pay  a  satlsfaQtorjr  return  upon 
the  investment  required. 

So  far,  the  matter  has  been  Ttewed  from  the 
standpoint  of  comparative  operating  expenses 
for  a  given  tonnai*  moved.  There  is  another 
argnment  fbr  eleetrllicatlott  which  may.  in 
certain  instances,  be  of  a  much  more  controll- 
ing nature.  Most  of  our  mountain  roads  are 
single  tracit,  and  trans-Continental  tonnage 
has  so  Increased  as  seriously  to  congest  these 
mountain  divisinnB.  The  heavy  trains  of  the 
plains,  weit^hiug  ::,uOO  to  3,000  tons,  must  be 
split  up  into  units  of  about  l.UUO  tOhS*  in 
order  that  the  present  steam  engines,  operai- 
ing  double  and  even  triple,  may  haul  them 
over  the  heaviest  grades.  The  slow  speed 
obtainable  malces  the  number  of  trains  on  a 
mountain  division  large,  the  meeting  points 
frequent  and  bonce,  however  good  the  dis- 
patching system  employed,  there  will  of  ne- 
eoMlty  be  a  considerable  amount  of  lost  time. 
Add  to  this  the  failures  of  motive  power  being 
worked  to  its  limit,  and  there  Is  reason  for 
the  claim  that  the  tonnage  capacity  of  the 
division  will  be  greatly  increased  by  the  Intro- 
duction of  electrically-hauled  trains. 

The  latest  Mallet  compound,  weighing  413.- 
000  lbs.,  is  the  largest  steam  locomotive  yet 
built,  and  is  of  particular  Interest  owing  to  the 
enormous  boiler  which  such  a  construction 
permits.  With  a  total  heating  surface  of  5.3ou 
sq.  ft.  we  should  expect  an  evaporation  of 
63.600  lbs.  of  water  for  a  short  period,  and 
posrtbly  4&.000  lbs.  water  continuously.  With 
a  possible  evaporation  of  6  lbs.  of  water  per 
lb.  of  coal,  this  would  necessitate  the  burning 
of  S,Ofoj  U)R.  of  coal  per  hour,  requiring  the 
best  efforts  of  two  firemen  if  maintained  for 
several  hours.  Assuming  a  steam  cou.sump- 
tion  of  22  lbs.  per  B.  HP.-hr.,  such  a  locomo- 
tive should  give  a  sustained  output  of  2,180 
HP.  at  the  rtm  of  the  drivers,  and  this  with 
a  weight  with  tender  of  approximately  300 
tons,  or  three  times  the  weight  of  an  electric 
locomotive  of  the  New  York  Central  CO 00  type 
giving  the  same  horse-powier  Output. 

The  two  locomotives  are,  of  course,  designed 
for  entirely  dissimilar  classes  of  work,  but  li 
la  not  unfair  to  compare  them  on  a  horse- 
power basis  as  it  is  the  huge  boiler  of  t!i" 
Mallet  that  is  remarkable,  and  upon  this  basis 
the  selling  price  of  tho  tWO  machtBes  is  ap> 
proximately  the  same. 

The  comparative  cost  of  electric  and  steam 
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locomotives  is  generally  considered  as  very 
favorable  to  the  steam  units,  but  reversing 
the  twual  method*  and  eomparing  the  ooat  of 
the  electric  with  that  of  the  steam  loconiotlvo 
or  locontotivea  required  to  replace  it.  may  re- 
verse the  retatlona.  The  electric  locomotiTe 
requires  no  more  than  casual  Inspectlau.  cau 
be  side-tracked  indefinitely  and  still  be  ready 
for  Instant  (deration  at  full  capadtr.  can  ran 
2  4  hours  without  a  stop,  if  necessary,  and  nil 
these  advantages  and  others  offer  a  guarantee 
for  a  much  sreater  annual  mileage  than  to 
possible  with  Its  steam  competitor.  Thin, 
too,  compare  the  cost  of  a  group  of  steam  lo- 
comotiree  (no  alngle  nnlt  oonld  be  designed  to 
give  tlip  ontiHit)  capable  of  delivering  even 
4,000  HP.  continuously,  with  a  single  electric 
nnlt  of  this  ovtpnt.  and  the  difference  In  cost 
is  not  great.  It  may  be  stated  broadly  that  for 
a  given  gross  annual  ton-mileage  moved,  the 
cost  of  atoam  locomotlvea  maj  he  eveii  gxeatsr 
than  the  cost  of  tho  electric  units  raplactng 
them. 

As  against  the  reduction  In  fuel  expenses 

promised  by  the  use  of  the  compound  locomo- 
tive fitted  with  superheaters  and  feed-water 
heaters,  the  electrical  engineer  has  up  hte 
8l"evo  the  great  iiossibllltles  offered  by  re- 
generation of  power  while  electrically  braking 
on  mouatalB-srado  dlvtolou.  The  amount  of 
power  saTOd  by  this  means  may  In  certain 


installations  amount  to  as  great  a  percentage 
of  the  total  as  is  the  saving  effected  in  coal 
expenditure  with  steam  locomotive  by  com* 
pounding  and  providing  superheaters  and 
feed-water  heaters. 

The  chief  advantage  of  regeneration  lies  In 
the  assurance  It  offers  of  greater  safety  in 
operating  on  heavy  grades.  The  present 
method  of  braking,  by  friction  between  wheel 
and  shoe,  results  in  overheated  parts,  break- 
ages resulting  therefrom  and  consequent  dan- 
ger of  derailment.  The  descent  of  a  long 
heavy  mountain  grade  is  accompanied  by  the 
shoes  and  wheel  rims  becoming  heated  to  a 
dull  red,  while  the  Introduction  of  the  electric 
locomotive  offers  an  opportunity  of  holding 
the  train  in  whole  or  in  part  by  means  of  the 
same  motors  used  to  haul  It  up  grade,  and 
thus  eliminating  one  of  the  greatest  sources 
of  danger  in  mountain  railroading. 

The  subject  of  the  eleotrlUcation  of  steam 
roads  Is  a  very  broad  one,  and  while  this 
paper  has  been  devoted  largely  to  a  discussion 
of  operating  expenses  as  affected  by  the  differ- 
ent characterlsttos  of  (he  two  types  of  loco- 
motives. It  has  been  done  to  illustrate  the  ad- 
vantages resulting  from  Increased  locomotive 
capacity.  The  keynote  of  electrlftcaiion  Is 
capacity;  by  approaching  the  problem  from 
thia  standpoint  only  can  full  beneflta  be  ob* 
talned. 


DIRECT  AND  INDIRECT  METHODS  OF  ELEC- 
TRICAL  PURIFICATION  OF  WATER 

By  HENRY  LEFFMANN 

CONDBN8BD  FROU  THI  "JOVftMAL  OP  THB  PRANKI^I.N  IN8TITUTB" 


It  to  about  a  century  since  the  results  of 

electrolysis  began  to  attract  attention,  but  the 
commercial  exploitation  of  the  processes  was 
Impossible  until  the  economic  production  of 

the  processes  practical.  So  fin  as  the  piiriflcn- 
tlon  of  water  Is  concerned,  but  little  result  was 
expected  from  electrolytic  methods  until  the 
discovery  of  the  mlcrobic  life  in  water  and  ItB 
relation  to  disease.  The  latter  discovery  was 
promptly  made  the  basis  of  a  rapid  and 
brilliant,  but  in  some  respects  unntisi worthv, 
development.  Water  analysts,  and  sanitarians 
generally,  were  often  mtoled  by  the  statements 


emanating    from    bacteriologie  laboratories. 

Even  to-day  we  must  receive  with  caution 
publications  from  such  sources,  especially 
tabulated  results  of  experiments. 

It  Is  not  necessary  to  review  the  history  of 
the  application  of  electrical  currents  to  water 
purification,  nor  to  describe  even  briefly  the 
numerous  patents  that  ha\e  h>-vn  granted  for 
such  purposes.  1  propose  to  refer  here  only  to 
some  that  have  come  under  my  own  observe* 
lion,  in  rrinpcfin-  II.  I'  ,>(  ha\  ln£:  been  asked  to 
make  expert  investigations.  Some  attempts 
have  been  made  to  remove  the  mineral  lmpuri> 
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tl«s  from  water  bjr  taking  advantage  of  tba 

electrolytic  powers,  but  most  processes  bave 
been  intended  to  kill  tlie  microbes.  The 
ordlnai7  InTentor  has  proceeded  upon  his 
(geaeralljr  superficial)  knowledge  that  the 
dlseBfle-carrying  power  of  water  is  dependent 
upon  bacteria,  and  that  electricity  In  Bufflcient 
strength  is  fatal  to  living  matter. 

In  some  of  the  processes  the  method  has 
been  the  crude  one  of  simply  passing  electric 
discharges  through  the  water,  hoping  to  kiU 
the  bacteria  by  direct  shock.  Thug,  in  one 
patent  which  was  submitted  to  my  consider* 
atlon  a  few  years  ago.  the  inventor  proposes 
to  have  electrodes  passed  Into  the  water-^naln 
through  insulated  sockets  and  discharge  a  suc- 
cession of  sparks  across  the  stream.  The  im- 
practicability  of  the  method,  on  anything  but 
the  most  minute  soale,  seems  not  to  have  ap- 
peared to  him. 

I  have  seen  In  operation  seyeral  methods  of 
water  purification  by  means  of  electrolysis. 
In  these  aluminum  electrodes  have  been  used, 
and  more  or  less  loss  of  the  metal  has  oc< 
curred.  It  being  i  onvorted  iulo  aluminum  hy- 
droxide. This  produces  its  usual  effect,  that 
of  combining  with  the  organic  matter  and  en- 

tangliiiM:  the  suspeuded  Bubstaiicefi.  no  that  th^' 
water,  after  treatment,  can  be  subjected  to  a 
rapid  filtration,  and  will  show  material  Im- 
pioveiiieut  lu  mkrobic  content,  ospeclally  if  thv 
amount  of  suspended  matter  and  microbic 
content  were  previously  high.  On  waters  eon- 
taliiliiK  but  little  suspended  impurity,  living 
or  dead,  the  purifying  action  is  relatively  low. 
The  constant  loss  of  the  electrode  Is,  of  conrae, 
a  most  serious  item  of  expense,  generally  over- 
looked in  the  experimental  plants. 

In  the  operation  of  the  Anderson  process  of 
purifying  water  by  iitjitatloii  with  metallic 
iron,  attempts  have  been  made  to  get  more 
powerful  action— 'that  Is,  more  rapid  solution 
of  the  Iron — by  making  -t  r!  o  positive  pole 
of  ao  electric  system,  but  no  practical  advan- 
tage seems  to  have  been  attained.  Recently,  a 
proceiss  has  been  patented  In  which  an  electric 
current  is  passed  from  an  inner  to  an  outer 
pipe,  the  water  flowing  through  the  annulua, 
but  I  iiavo  no  practical  knowledge  of  this 
method. 

It  seems  to  me  that  the  moet  practical  ben* 

oflt  of  the  application  of  eletrrlcUy  to  wafer 
purification  will  come  from  the  indirect  meth- 
ods in  whteh  the  electrical  energy  Is  used  to 
produce  an  active  disinfecting  agent,  and  thl^; 
then  applied  to  the  water.  Of  all  the  pro- 
cesses of  this  type,  those  whldk  produce  oaone 
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seem  to  be  most  useful.  The  material  from 
which  ozone  is  obtained — air — is  in  unlimited 
supply,  and  the  addition  to  water  cannot  be 
regarded  as  being  dangerous,  since  If  present 
in  excess  it  soon  reverts  to  the  condition  of 
ordinary  oxygen. 

The  principal  problem  In  this  method  is  the 
economic  production  of  ozone.  This  modiflca> 
tion  of  oxygen  can  be  obtained  by  several 
methods  of  different  types,  but  those  In  which 
electricity  is  employed  seem  to  be  alone  ap* 
plleable  to  the  processes  in  question  here.  For 
the  purpose  hlgh-tenslou  currents  are  most 
economical,  and  the  best  yield  is  obtained  by 
the  so-called  "silent  discharge."  It  is  now 
known  that  a  spark  or  arc  discharge  will  pro- 
duce nitrogen  oxides  which  are  corrosive.  It 
has  also  been  determined  that  the  air  intended 
for  production  of  ozone  should  be  dry,  other- 
wise hydrogen  dioxide  will  be  formed.  The 
principal  mechanical  difficulty  encountered 
lu  producing  ozone  on  the  larger  scale  by 
means  of  the  electric  discbarge  is  to  secure  a 
suitable  dielectric,    disss,  porcelain,  rubber. 

and  other  materials  liave  been  tried,  but  are  so 

liable  to  fracture  or  perforation  that  serious 
Interruptions  of  operation  frequently  occur. 
Continuity  of  action  Is  very  important  in  com- 
mercial processes,  such  as  the  purification  of 
water,  and  when  a  large  unit  of  the  plant  Is 
out  of  use  In  order  to  Install  a  new  dtelactric, 
the  condition  is  annoying. 

The  Inventions  of  Vosmaer  seem  to  over- 
come the  difficulty,  for  he  avoids  the  use  of 
a  special  dielectric,  employing  only  the  dry 
air  which  Is  to  be  oxonlsed.  The  discharge 
takes  place  from  thin  metal  strips,  on  which 
are  saw-like  teeth.  These  strips  are  held  by 
Insulating  (porcelain)  sockets  firmly  In  the 
c(?nter  of  metal  pii>e8.  Many  of  these  pipe.-- 
are  combined  in  parallel,  the  strips  being  all 
connected  with  one  pole,  and  the  pipes  with 
the  other.  An  alternating:  current  of  high 
potential  Is  allowed  to  flow  through  the 
arrangement,  almost  all  the  current  passing 
by  Blleut  discharge,  although  at  times  a  si)ark 
passes,  but  as  there  is  no  permanent  dielec- 
tric no  damage  Is  done.   The  sparking  is  too 

seltlr"!;  ff.)  produce  damage  or  any  appreciable 

amount  of  objectionable  gases.  The  drying  of 
the  air  may  be  done  by  any  of  the  known 

niethod.s.  Preference  is  given  by  Vosmaer 
to  refrigeration,  by  means  of  an  ordinary  ice 
machine. 

A  plant  capable  of  purifying  man>-  thousand 
gallons  lu  24  hours  has  been  for  some  time  in 
operation  on  the  west  bank  of  the  Schuylkill 
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River  at  the  foot  of  Lorust  St.,  Philadelphia. 
The  water  is  first  rougbly  filtered.  This  oper- 
ation la  m«r»ly  lat«nd«d  to  remove  tbo  groaser 
suspcnfled  Tnatter,  as  tho  ozono  process  proper 
does  uot  accomplish  this.  As  the  mala  part 
of  the  c^eraUon  te  the  destructive  action  of 
the  ozone  on  the  bacteria^  It  Is  not  necessary 
tor  the  preliminary  filtratiou  to  be  nearly  so 
close  as  vhen  tlie  latter  Is  the  sole  rellanee  (as 
In  ordinary  filter  plants),  hence  the  filter  area 
in  tho  ozone  plant  is  relatively  very  much 
smaller,  the  rate  of  llltratton  being  so  mudi 
groater.  The  fllterod,  or,  perhaps,  wf"  may 
call  it  strained  water,  is  passed  into  aerating 
towers.  These  are  tail,  narrow  veesels,  into 
which  the  water  enters  at  the  top  and  the 
ozonized  air  at  the  bottom,  the  latter  under 
considerable  pressure.  In  the  experimental 
plant  above  mentioned,  an  exhibition  mixing 
tower  has  been  installed.  This  is  a  glass  tube 
about  16  ft.  high  and  10  Ins.  In  diameter.  In 
this  the  admixnire  of  the  ozone  current  with 
the  water  current  is  well  seen.  Upon  the 
thoroughness  of  this  mixing  depends.  In  large 
part,  tho  thoronphness  of  the  purification.  The 
water  escapes  at  the  foot  of  the  mixing  tower, 
dear  and  practically  sterile.  It  sometimes 
contains  a  small  amount  of  ozone  in  soluttnn, 
but  this  is  not  objectionable  and  soon  disap- 


pears, either  by  conversion  into  ordinary  oxy- 
gen or  by  combination. 
The  advantages  of  the  proosss  may  be  sum- 

marlzoii  as  follows:  no  objectlonal  chemical 
is  Introduced  into  the  water;  large  filter  beds 
are  not  required;  the  operation  expenses  are 
not  high;  the  plnnt  occupies  a  limited  .irea 
and  the  operation  is  simple  and  easily  compre- 
hended; the  plant  may  be  enlarged  by  the 
addition  of  new  units  without  dlstiirblnj?  the 
original  units;  the  sterilization  is  rapid  and 
certain;  the  plant  may  be  placed  at  any  con- 
venient point.  The  proeeKs  feems  to  me  to 
find  even  more  valuable  application  to  the 
purification  of  sewage  than  to  ordinary  water 
supply.  Both  of  these  problems  are  now 
among  the  most  urgent  (questions  of  sanitaiion. 

The  extensive  use  of  water  in  oar  domestic 
life,  with  the  Increasing  souref»s  of  polhitlon. 
give  importance  to  every  method  of  purifica- 
tion, and  processes  that  seem  to  be  founded  on 
scientific  princlplcR  and  seem  rapnhle  of  prnf- 
Hcal  operation  on  a  large  scale,  and  to  Involve 
low  operative  cost,  limited  land  area  and  free- 
dom from  danperous  chemicals  deserve  caro- 
ful  investigation.  Many  tests  of  the  bacteri- 
ocidal effldency  of  the  plant  were  made.  Some 
made  by  myself  f?howed  that  the  water  as  dis- 
charged from  the  ozonizer  is  practically  sterile. 


PRACTICAL  ENGINEERING  IMPORTANCE 

OF  STEFAN  AND  BOLTZMANN'S 
RADIATION  LAW 


In  a  forthcoming  bulletin  entitled  ■"Study 
of  Four  Hundred  Boiler  Tests,  with  Oedne- 

tions=,"  the  st'^an;  en^lnenrlnK  division  of  the 
United  States  Ueoiogicai  Survey  treats  of  the 
lately-developed  and  proven  law  of  Stefan  and 
Holtzmnnn  rii^nrding  the  total  radiation  of 
heat  Clneliiding  light)  from  a  hut  to  a  cold 
tiody.    li   was   formerly  thought   that  the 

ainoiini  of  heat  radiat'  ?!  was  proportlonr^l  to 
the  temperature  diflerence.  InaBmucb  as  for- 
mer experimental  work  was  done  at  low  tem- 
per;(fitie«.  the  error  of  this  assumption  was 
very  small.  But  of  late  years,  since  tulerest 
has  arisen  In  the  quantitative  investigation  of 
lilgh-temperaturo  furna'e«,  1(  h;is  become  Im- 
porUut  to  think  with  the  true  law  in  mind. 
This  law  of  Stefan  and  Boltsmann  states  that 


If  two  iufluite  plane  surfaces  are  close  to- 
gether, or.  better  still.  If  a  ball  is  Inside  a 
hollow  sphere,  both  surfaces  being  in  all  ca'-Oj 
of  the  same  material  in  the  same  state  of  sur- 
face finish,  this  law  states  that  the  rate  of 
heat  radiation  from  the  hotter  to  the  cooler 
surface  is 

Rate  of  radiation  sK  (T/-T/). 
where 

K  =  a  constant  for  any  particular  set  of 

bodies  and  surfaces. 
Ta^tbe  absolute  temperature  of  the  hot- 
ter body. 

Tt^the   absolute   temperature   of  the 

colder  body. 
The  above  equation  is  equivalent  to  stating 
that  each  bo^y  radiates  beat  and  reeeives 
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iiHut  by  radiation;  thai  the  ratp  of  rndlatlon 
from  each  hudy  in  proportiunal  to  tlie  HuuriU 
power  of  its  absolute  temiwrature;  and  there- 
fore that  the  net  ainount  of  heat  given  up  by 
the  hotter  Liody  to  the  cooler  one  in  propor- 
tional to  the  difference  of  the  fourtli  powers  of 
their  absolute  temperatures. 

The  above-meotlOQcd  forthcoming  buUetiD, 
giving  a  "Study  of  Four  Handred  Boiler 
Tests,  with  DeductioDB,"  makes  a  number  of 
applications  of  this  law.  Some  similar  appli- 
eatioiui  are  kItvh  below. 

Examples. — In  a  Heine  water-tube  boiler 
having  the  lower  row  of  tubes  over  the  furnace 
completely  euoaaed  in  dagr  tiles,  excepting 
about  3  ft.  at  the  rear  end,  over  the  combos- 
tloQ-cbamber,  this  exposed  3  ft.  of  tuhea  ab- 
sorbs heat  not  only  from  convec-tional  con- 
Uict  with  the  gaaes  entering  the  boUer,  but 
•Iflo  from  the  Intense  radiation  from  the  white- 
hot  combustion-chamber  walls  and  bottom. 

The  BOOt  covering  of  the  wateftubes  la  of  a 
different  eurfBce  and  llntsh  from  the  lurface 
of  brick  and  slag  constituting  the  combustion- 
chamber  walla  and  bottom;  nevertbeleea,  the 
abore  equation  will  hold  approztmately,  and 
some  examples  are  given  to  show  the  inor- 
mouB  increase  of  this  radiation  factor  with 
rise  of  combuatlonHihamher  temperature. 

Example  1.-  — Let  the  soot  on  the  exterior 
of  the  water-tubes  have  an  average  tempera- 
ture of  1,23»'  F.— ft  dull  red  heat.  Adding 
46 r  F.  to  get  the  nbeolute  temporstnre,  we 
have 

T,—  l»700«. 

Assume  the  IMT  fumace  temperature  to  be 
2.039°  P. — a  rather  poor  condition  of  opera- 
tion; adding  461"  to  2,039'.  we  have 
T,--  2,500°. 

Then,  net  heat  received  by  tubes  per  second 
from  furnace  bottom  and  sides  «=K  (T^*— T,*) 

000). 

Example  2. — Let  the  average  soot  tempera- 
tare  he  1,239*  F.,  or  1.700*  P.  abtolute,  as 
bsCore.  Than 

T,  =  i.70»*. 
Atanme  that  the  average  rear  combustion^ 

chamber  tcmpornture  l**  only  500°  higher  than 
In  Example  1 — that  Is,  2,539"  F.,  a  medium 
temperature — ^then 

Then,  net  heat  received  by  tubes  per  second 
from  furnace  bottom  and  sides  «>K  (S,000*— 
1,700')      K  (72,647.n00,000.00n'(. 

Example  3. — ^Assume,  as  before,  T,  =  1,700^ 
F.  absolute,  nod  raise  the  fumsoe  temperature 


another  500'  K.  to  ?..()?.'.)',  which  would  be 
wall  temperature  in  qu-iie  a  hot  furnace. 
Therefore, 

T,-  3,ooo^ 

Then,  net  heal  received  by  tubea.  etc.,  ^  K. 
(8,600* -1,700')  (141,710.400,000,000). 

Summary  of  Exaniplea. — Dropping  the  con- 
stant K  and  the  ia»t  twelve  figures  of  evary 
answer,  we  have 

Number  to 

.  Furnace  Tube  which  Net 

Temperature.     Temperature.     Radiation  is 
Degs.  Fahr.      Degs.  Fabr.  Proportional. 

2,039  1,239  31 

2.539  1,239  73 

3,039  1.239  142 

The  heat  absorbed  from  radiation  practically 
donbles  with  every  SOO*  Increase  In  combus- 
tion-chamber tern  jicrat  lire. 

As  a  matter  of  fact,  the  temperature  of  the 
soot  on  the  tub«a  rises  a  little  as  the  furnace- 
wall  ti-mporaturt-  rises,  and  it  is  also  a  better 
radiator  of  heat  than  Is  the  brick  walL  Nev- 
ertheless, the  atwve  examplee  are  substanttslly 
correct. 

Numerical  Percentages. — The  above  calcu- 
lations give  no  idea  as  to  whether  the  percent- 

a^o  of  heat  received  by  a  boiler  from  radia- 
tion is  the  larger  or  smaller  portion  of  the 
whole.  In  the  "Study"  mentioned  some  sum- 
erual  calcuiatiocH  are  given,  determined  by 
two  independent  methods  of  approach.  The 
results  are  probably  right  within  20%. 

It  is  evident  In  the  case  of  an  ordinary  multi- 
tubular boiler,  burning  smokeless  coal  right 
under  the  boflerHthell,  that  perhaps  half  of  the 
beat  enters  the  water  from  a  radiation  source. 
Even  in  water-tube  hollers  It  may  be  about 
20^^.  In  locomotive  boilen  the  fire-box  may 
sonictinioR  absorb  perhaps  30  to  50%  of  the 
total  heat  absorbed,  most  of  this  30  to  50%  be- 
ing due  to  radiation. 

f  llaneous  Applications  of  the  Radiation 
Law. — The  engineers  of  the  steam  engineer- 
ing division  were  recently  much  surprised  at 
the  matrnltnde  of  thermometric  errnrs  rlno  to 
radiation  when  measuring  the  temperature  of 
dry  gases.  If  the  bulb  of  a  thermometer  had 
a  champ  (o  "look  out-doors*'  when  in  a  hot 
chamber  surrounded  by  a  flowing  stream  of 
hot  gas.  It  may  read  twenty  or  thirty  degrees 
low  at  the  moderate  temperatures  of  SOO"  or 
600°  F.;  nor  does  the  "window"  have  to  con- 
stitute a  very  large  percentage  of  the  chamber 
walls  in  which  the  bulb  Is  slmnted.  Two  ther- 
mometers a  little  over  an  inch  apart  in  the 
same  long  chamber,  swept  by  the  same  stream 
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of  hot  air,  were  fcuacl  to  read  nearly  100' 
apart;  a  third  one  further  along,  carefully 
clond  in,  read  aearly  aa  high  as  tba  llrit  one. 
All  the  iiistriimt-nts  were  carefully  calibrated 
and  were  repeatedly  Interchanged. 

In  superheated-ateam  work  such  errora  are 
very  pprsl«t<*ut.  It  is  no  easy  matter  to  get 
the  temperature  of  a  flowing  stream  of  super- 
heated Bteam  within  10*  of  the  true  tempera* 
ture.  It  may  be  said  that  under  fuch  clrcum- 
utauces  the  thermometer  bulbs  are  always 
colder  than  the  ateam;  the  only  queatlon  la. 
How  niiioh?  ThiR  fsft  alone  will  oxplnfn  many 
troubles  engineers  have  had  in  working  with 
Buperheated  steam  and  other  permanent  gaaea. 


lu  dt^tei  mining  the  temperature  of  fltio  gases 
iu  boiler  practice  the  errors  due  lu  radiation 
of  heat  from  the  thermometer  bulb  are  uraalljr 
large.  Unless  the  bulb  is  carefully  protected 
from  radiation  by  two  or  three  concentric 
chambers  around  It.  It  la  likely  to  read  dozens 
of  degrees  low.  A  moment's  reflection  will 
make  it  evident  that  all  surfaces  ordinarily 
visible"  to  the  thermometer  balb  are  hun- 
dreds of  degrees  colder  than  the  gases  (and 
than  the  bulb).  This  Is  true  of  the  brick- 
work, the  adjacent  water-tubes  and  steam- 
drums,  the  stack,  and  the  sky  above. 

The  measurement  of  the  temperature  of  a 
permanent  gas  la  a  high  art. 


CALCULATIONS  FOR  PLUNGER  ELECTRO- 
MAGNETS 


In  order  to  calculate  accurately  the  pull 
due  to  a  plunger-electromagnet  or  an  Iron- 
clad solenoid  at  various  points  throughout  the 
entire  range,  it  Is  important  to  know  the  sole- 
noid effect,  or  the  pull  due  to  the  magnetizing 
force  of  the  winding  and  the  magnetic  induc- 
tion In  the  core  or  plunger  for  various  relative 
positions.  The  pull  due  to  a  plunger-electro- 
magnet may  then  be  found  for  all  points 
within  the  range  of  the  magnet  by  adding  the 
pulls  due  to  the  Induction  between  the  plunger 
and  the  stop,  to  the  xniUa  duo  to  the  solenoid 
effect. 

In  a  rercnt  issue  of  the  "Electrlral  World" 
Mr.  Charles  R.  Underbill  gives  formulas  for 
the  calculation  of  solenoids,  based  upon  the 
results  of  numerous  pxpcrlmr-nts  made  by  him. 
We  give  herewith  au  absiract  of  his  conclu- 
sions: 

I.\  =  9SLP  i.  (12,000/L). 
where  IN  =  the   number   of  ampere-turns  of 
the  solenoid. 
Ii^the  length  of  the  winding  of  the 

solenoid  In  iucbes, 
P  =  the  maximum  pull  in  pounds  <-x- 
ertrd  by  the  solenoid  on  the 
plunger. 

This  formula  ie  for  a  plunger  of  1  aq.  In.  In 

cross-section,  above  saturation.  In  order  io 
determine  the  cross-sectional  area  A  of  any 
other  plunger  to  give  the  proper  value  for  IN« 

with  any  assumed  total  nunitinr  of  nm pore- 
turns  IN,  use  may  be  made  of  the  formula 
A  =  V  (IN/IN.). 


Valnea  for  iNe  should  always  be  assumed 
aa  above  satnmtton  and  not  it-ss  than 

7,1100  ampere-turns  for  a    6-in.  solenoid, 
0.000      "        **        "     0 "  " 

5.000      •*         "        "  12 "  *• 

4,000       "  *'         '*  18  "  " 

Applying  the  formulas  to  a  specllle  case — a 

solenoid  12  Ins.  long,  to  have  a  maximum  pull 
of  liO  lbs.,  we  have,  assuming  INc— 8,000, 

IN  =  98LP  -f  (12.000/L)  =(98  x  12  x  30) 

(12.000/12)  =  26,260. 
A  »  V  (20.2 SO/8,000 >  --^  2.12  sq.  Ins. 

Insft-ad  of  ustiik'  HR.l^'^O  iiinp*''i"f'-<'irTJs  and 
a  plunger  I  sq.  in.  in  cross-section,  it  will  be 
seen  that  only  (2.12  x  2.000  17.100  am' 
pere-turns  will  be  required  for  thi-  s.irne  pull, 
provided  that  a  plunger  of  2.13  sq.  ins.  cross- 
section  Is  used. 

The  pull  f\.  rt.  <1  on  tho  plnncror  at  any  point 
throughout  the  range  of  the  solenoid  may  be 
calculated  from  the  formula 

p  =  Psltt  (122.0 It./L)  degrees, 
where  p  =  poll  in  pounds  at  the  point  In 
question, 
P»  maximum  pull  In  pounda, 
L,»^dlBtance  in  inches  plunger  has  en- 
tered the  coil, 
L  "  length  of  ooil  In  Inches. 

Pulls  for  various  values  of  L.,  may  be  worked 
out  and  a  curve  plotted  which  will  show  the 
pull  exerted  at  the  various  positions  of  the 
plunger. 
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GRAVITATION,  COHESION.  ADHESION: 

A  THEORY  TO  ACCOUNT  FOR  THEIR  IDENTTTY 
By  EDWARD  GODFREY* 


Th«n  0Mm  to  be  two  ways  of  "proring" 

that  cohesioa  and  adhesion  are  not  identical 
with  gravitation,  and  these  ways  are  directly 
opposite.  One  msv  that  tlio  attraction  of 
gravitation  is  not  great  enough  to  account  for 
the  force  of  cohesion,  and  therefore  the  attrac- 
tion of  elomentary  partlelea  oC  matter  at  close 
range  must  vary  Inversely  as  some  higher 
power  than  the  square  of  tiie  distance.  One 
writer,  taking  oulte  a  different  ▼lew,  boss  to 
the  extent  of  inventing  a  repulsive  force  be- 
tween particles  lying  close  to  each  other;  for, 
he  argoeo,  when  thegr  touch,  the  attraction 
would  be  infinite.  The  absurdity  of  this  last 
statement  Is  made  plain  by  the  simplest  kind 
of  mathematical  reasoning.  The  dtstanoe  be- 
tween two  attracting  bodies  (which  measures 
their  force  of  attraction;  is  tlie  distance  be- 
tween their  centers  of  grarlty.  It  Is  impoe> 
slble  for  the  centers  of  gravity  of  two  solid 
spheres,  for  example,  to  occupy  the  same  puiii- 
tion.  Hence  ther  oouM  not  "touch,"  and 
the  attraction  cannot  eren  theoretically  he  In- 
finite. 

It  Is  true  that  there  are  solids  that  can  he 

Imagined  or  constructed  that  have  their  cen- 
ters of  gravity,  as  ordioarily  uaderstood,  out- 
side of  themselves  and  in  such  positions  that 
two  of  them  could  be  placed  with  their  cen- 
ters of  gravity  coincident.  This  would  appear 
to  be  a  ease  where  the  attraction  is  infloite. 
But  we  know  that  two  such  bodies  can  be 
made  and  placed  with  these  so-cuHed  ceuters 
of  gravity  coincident  and  yet  the  force  of 
gravity  between  them  will  be  altogether  too 
minute  to  be  measured.  One  of  two  conclu- 
sions must  follow:  either  the  law  of  gravita< 
tlon  falls  in  such  case?;,  or  ^rhat  we  luive  been 
taught  to  call  the  center  o£  gravity  of  a  figure 
Is  not  Its  true  center  of  gravity. 

It  can  be  shown  that  no  flgure  except  a 
homogeneous  sphere,  ur  uue  composed  of 
homogeneous  spherical  shells,  or  a  8|)herical 
shell  of  uniform  density  has  a  fixed  center  of 
gravity:  or,  more  properly,  it  caimot  be  shown 
that  any  Bgure  except  those  nieuTioned  has  a 
fixed  center  of  gravity.  E\eii  In  the  case 
of  the  spherical  shell  it  is  well  known  that  the 


center  of  gravity  vanishes  when  the  attracting 
hodv  in  Inside  of  the  shell;  for  the  attraction 
whica  the  shell  exerts  on  the  body  situated 
ansrwbere  within  Is  nll«  or  more  propwly,  la 
equal  in  nny  two  opposite  directions. 

If  gravltatlOQ  acted  with  equal  force  on  all 
parts  of  a  body,  the  center  of  gravity,  or  the 
point  where  the  resultant  of  all  of  the  forces 
on  the  several  particles  may  be  considered  as 
acting,  would  be  the  point  that  we  commonly 
understand  as  the  center  of  gravUv  For  the 
attraction  of  the  earth  upon  bodiea  upon  its 
surface  this  la  practically  true,  hut  for  the  st« 
traction  of  bodies  on  its  surface  for  each  other 
it  Is  far  from  true.  Hence  the  error  in  finding 
the  center  of  gravity  of  a  mountain  in  the  or> 
dlnary  way  in  the  problem  of  determlntng 
the  mass  of  the  earth. 

air  Isaac  Xewton  proved  that  two  spheres 
of  uniform  density  or  composed  of  concentric 
shells,  each  uniform  in  density,  attracting 
each  other  tn  accordance  with  the  law  of  grav* 
itatlon  as  formulated  by  him  (namely,  a  force 
which  varies  directly  as  the  product  of  the 
masses  <rf  the  two  bodies  and  Inversely  as  the 
square  of  the  distance  between  them)  will  act 
toward  each  other  as  though  their  masses 
were  concentrated  at  their  respective  oen> 
ters.  ■  He  also  proved  that  a  body  within  a 
spherical  shell  will  be  in  equilibrium  so  far  as 
Its  attraction  to  the  shell  Is  concerned.  Hence 
a  spherical  shell  cannot  be  said  to  have  any 
center  of  gravity  with  respect  to  bodies  luside 
Of  the  shell. 

Assuming  the  atom  to  be  spherical  In 
shape,  we  may  investigate  the  intensity  of  the 
attraction  of  gravitation  as  follows:  Imagine 
two  spheres  of  unity  mass  and  unity  distance 
center  to  center.  The  attraction  between  these 
spheree  we  will  call  unity.  Now  conceive 
these  spheres  added  to  Indefinitely  In  a  ptralght 
line  in  both  directions.  Each  added  pair  will 
augment  .the  attraction  on  this  line,  the  re- 
spective increments  being 


etc. 


(V«  +     +  v.). 

tV.  +  Vt  +  VM +  •/«♦»/«», 
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The  ini  rement  is  a  constantly  diminishing 
fraction  of  the  original  attraction  of  the  two 
spheres,  so  that  for  a  finite  number  of  spheres 
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thp  attraction  will  not  be  many  times  the  at- 
traction of  the  two  original  spheree.  That  is. 
th«fr  ftttractloa  wouM  only  be  Uuv^ly  in* 
creased  by  considering  the  mass  of  the  two 
lines  of  spheres  extending  away  from  the  orig- 
inal pnlr  M  T9xy  great  This  would  not  be 
necessary  In  Investigating  the  attraction  In  a 
"fiber"  of  matter.  The  attraction  drawing 
theee  two  lines  of  epberee  togetbM-  may  be 
called  M  per  unit  of  the  crogs-sectlon  of  the 
fiber,  or  a  circle  whose  diameter  is  equal  to 
tbat  of  Che  apherei.'  Now,  It  the  diameter  of 
the  two  original  spheres  be  considered  as  one- 
half  as  great,  the  mass  of  each  will  be  one- 
etgbth  aa  muob,  and  the  product  ot  the  maaaea 
will  be  '/,.  as  great.  Bnt  the  reduced  diam- 
eter will  allow  the  spheres  to  be  placed  one- 
half  of  the  original  distance  apart,  making 
the  attraction  four  times  as  great,  or  y,,  of  the 
original  attraction.  But  this  force  distributed 
over  a  tufiaee  one-fourth  aa  large  aa  the  orig- 
inal would  be  */„  or  one-quarter  as  great  in 
intensity  per  unit  of  sectional  area.  Continu- 
ing tbia  subdlrialon  it  la  aeen  that  the  value 
of  the  attraction  per  unit  of  area  is  immensely 
diminished  as  small  spheres  are  considered. 
It  la  plain,  therefore,  that  the  attraetion  of 
gravitation  will  not  hold  minute  spheres  to- 
gether with  a  force  that  approaches  the  cohe- 
sion between  the  partldea  of  matter  as  abnnd« 
antly  exhibited.  The  foregoing  doubt!c?«  fur- 
nishes the  basis  for  the  theory  that  particles 
at  doee  range  must  attract  each  other  with 
a  force  varyinpr  Inversely  as  ?oT>ie  higher  power 
of  the  distance  ilian  the  square.  It  is  hard  to 
see  why  audi  a  t<nt»  should  eilat  between 
small  particles  and  fall  between  large  masses. 
In  fact,  the  law  of  gravitation  as  formulated 
by  Newton  will  account  tor  the  force  that  holds 
the  molecules  of  matter  together  to  the  In- 
tensity of  350, OUO  lbs.  per  sq.  in.,  as  uxbibited 
In  eteei  muale  wire,  or  more  than  this,  if  any 
material  is  stronger;  but  not  on  the  basis  Of  a 
spherical  shape  for  atoms. 


(T)  (T 
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Let  A  hf  n  pnrt!f-!f  of  n>aTt*"r  concpived  as 
a  unit  with  attraction  unity  for  a  like  particle 
at  a  distance  of  unity.   The  element  of  Its 


attraction  for  the  elongated  body  B,  whose 
mass  is  assumed  to  be  unity  per  unit  of  length 

dx' 
is  —  ' 

X' 

Integrating  this  between  the  limits  a  afld 


(a  +  b)  we  have 
of  A  for  B. 


as  the  total  attraction 


a*  4-  ah 


0 


}*  e-*!*  -4  ^ 

Now  consider  the  attraction  between  tvn 
elongated  bodies  B  and  C,  each  having  a  mass 
of  unity  per  unit  ot  length.  Wrom  the  tore- 
going  the  element  of  the  attraction  of  B  for 
C  is  found  (by  substituting  x  for  a)  to  be 
bdx 


X'  +  bx 
The  Integral  of  this  is 

log,  X  —  log.  (b  +  x) 
Evaluating  this  between  the  llmita  of  c  and 
Cc  +  d)  we  have 

(b  +  c)  (e  +  d) 

log,   

c  (b  +  c  +  d) 
if  b  «  d.  this  redueea  to 

(«  +  d)* 

log,  

c  (Id  +  e) 

By  inspection  of  this  expression  for  the  at- 
traction of  two  elongated  bodies  for  each  other 
it  is  seen  that  it  increases  in  value  as  c  be- 
comes small  in  comparison  with  d.  It  will 
also  be  found  tbat  tbe  centers  of  gravity  of 
these  two  bodies  are  not  at  the  centers  of 
their  length  (with  respect  to  their  attraction 
for  each  other) ,  and  that  these  centers  of 
gravity  have  no  fixed  location  la  the  several 
bodies. 

As  an  example,  if  d  »  100  e,  the  attraction 

by  the  above  is 

log,  50.75  =  3.93. 
If  the  centers  of  gravity  were  In  the  middle 
of  the  lengths  of  these  bodies,  tlie  attraction 
would  be 


<X-01d>» 


0.98. 
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For  d  B  1,000  e  the  ftttraetfoo  to 
log.  500.7  —  «.il6. 

Or  supposing  the  centers  of  graviti'  at  tlM 
middle  of  lengths  the  attraction  would  be 
d* 

— ■  »  o.ooo. 

(l.OOld)' 

Id  tbe  former  case  the  apparent  attraction 
by  the  ordlnmnr  rule  tronw  oat  atiottt  o/dh' 
fourth  as  great  as  it  should,  and  in  the  latter 
about  one-alxth.  It  Is  thus  seen  that  these 
two  eloniated  threads  of  matter  have  no  Used 
centers  of  gravity  with  respect  to  their  attrac- 
tion for  each  other.  It  Is  also  seen  that  by 
Imaf  InlBC  the  tadlvlilble  partlde  of  matter  a 
Blender  thread  many  millions  of  limes  as  long 
as  Its  diameter,  the  attraction  may  be  con* 
eelTOd  aa  any  dealred  amount. 

A  theory  that  would  account  for  the  at- 
traction betwet;a  bodies  composed  thaa  of 
atoms  eatremely  attenuated  In  shape  to  this: 

The  whole  of  space  is  filled  with  a  medium 
which,  Instead  of  being  at  rest,  Is  moving  In 
eversr  dlreetlon  at  ttte  speed  of  Ui^t  or  180.000 
miles  a  second  This  Impinging  on  the  atoms, 
if  it  strack  with  equal  force  on  the  opposite 
sides,  would  not  tsnd  to  eauae  motion;  liut,  If 
there  were  a  void  on  one  side  of  the  atom,  the 
force  on  tbe  other  side  would  give  rise  to  tbe 
attraetton  that  we  observe  between  two  bodies. 
The  void  is  the  result  of  the  medium  striking 
against  the  opposite  sides  of  two  atoms  and 
refleettns. 

This  theory  would  fail  entirely  if  atoms  be 
considered  as  spherical  in  shape  or  if  a  so- 
called  solid  were  really  opaque;  for  the  at- 
traction between  hollow  Bphcrcs  would  be  just 
as  great  as  between  solid  ones.  But  the  fore- 
going calculations  would  show  that  the  atoms 
are  so  extremely  thin  that  billions  of  billions 
of  them  in  a  solid  body  would  offer  but  slight 
resistanoe  to  the  passsge  through  the  bodjr 
of        f-rffily  moving  medium  or  tbe  ether. 

The  law  of  gravitation  which  makes  the  at- 
traction directly  as  the  product  of  the  mass 
and  inversely  as  the  square  of  the  distance 
would  be  satisfied  by  this  theory  because  of 
the  practical  transparency  ot  all  matter  to  the 
passage  of  this  medium.    Bach  atom  would 


offer  Its  share  of  reslstsnce  to  thto  moTfng 

ether  In  proportion  to  Its  length,  the  portion 
covered  by  intersections  with  other  atoms  b»< 
log  InflnltSidmal  and  thus  too  small  to  make 
any  measurable  difference  In  the  attraction, 
except  la  very  large  masses.  Tbe  apparent 
high  density  of  the  earth  may  be  due  to  ex- 
ceptional resistance  met  with  In  the  passage 
of  the  ether  through  so  large  a  mass. 

Light,  then.  Instead  of  belag  wave  motion 
In  a  stationary  medium  in  ':\  hfrh  case  It  ought 
to  spread  like  sound,  would  be  vibratory  mo- 
tion of  the  parttdes  of  a  rapidly  moylnc  mar 
dlum.  An  opaque  body  is  one  In  which  the 
molecules  are  so  Indiscriminately  arranged 
that  they  st<9  to  some  entent  the  vlbratlooB 
of  these  moving  particles  but  do  not  stop  more 
than  a  minute  portion  of  tbem  in  their  mo- 
tion. A  transparent  body  to  one  In  which 
molecules  are  arranged  in  some  geometric  or- 
der so  that  they  do  not  greatly  interfere  with 
the  Tlbrationo  In  the  ether. 

Polarized  light  Is  that  In  which  the  light 
vibrations  in  tbe  ether  have  been  stopped  in 
one  direction  (normal  to  tbt  ray)  but  still 
continue  In  the  other  rectangular  direction. 

Only  a  small  portion  of  tbe  scale  of  vibra- 
tlons  maniiasts  Itself  In  light  and  heat,  and 
this  portion  Is  commonly  held  to  represent  the 
actual  energy  of  a  ray;  but  may  it  not  be  true 
that  an  tnvtolble  and  ImperoeHtlble  flood  of  this 
moving  ether  contains  a  vast  amount  of  (  nergy 
which  only  a  body  of  great  thiciiDess  will 
"strain'*  out  of  it,  turning  It  Into  senslblt  heat 
or  light?  This  would  account  for  the  Interior 
heat  of  tbe  earth,  the  hotness  of  Jupiter,  and 
the  ineihausttble  heat  of  the  sun. 

May  not  the  molecules  of  radium  be  of  such 
length  that  the  amplitude  of  their  vibration  is 
a  multiple  of  that  of  some  low  or 'high  foh- 
perceptible  vibration  of  the  ether  which  these 
molecules  transform  into  vibrations  which  can 
be  seen  and  felt? 

The  theory  of  tbe  conservation  of  energy  ha» 
received  a  Jolt  in  the  manifestations  of  radium. 
That  theory  may  be  abeolutety  true,  but  not 
all  energy  can  be  measured  In  man's  scales  a^ 
yet  devised;  and  the  means  of  trapping  the 
portion  that  cannot  be  percelTed  or  meaaure4 
are  limited. 
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THE  SECOND  INTERNATIONAL 
AERONAUTIC  RACE* 


When  Lieut.  Frank  P.  Lahm,  U.  S.  A.,  won 
tbe  first  international  balloon  race,  tb«  tropby 
offered  by  Ur.  James  Oordon  Bennett  was 
brought  to  this  country  to  be  defended  by  tbe 
Aero  Club  of  America. 

Lient.  Labm  trmTeled  from  Parle  to  the 
North  of  England,  a  distance  o(  some  402 
miles,  and  his  victory  over  the  foreign  com- 
petitors was  due  to  a  greater  knowledge  and 
better  Jud^niput  of  the  altitudes  at  which  he 
might  utilize  the  most  favorable  air  currents. 
8t.  Louts  was  selected  as  the  most  suttablc 
place  in  America  for  this  year's  race,  and  it 
was  expected  that  some  new  long-dlataaoe  and 
time  records  would  be  established,  although 
(he  fontfBt  was  to  be  entirely  for  distance. 
Six  balloons  were  brought  over  from  Burope 
to  compete  tor  the  Bennett  trophy.  Of  these 
three  came  from  Germany,  two  from  France 
and  one  from  England.  Three  American  bal- 
loons were  entered.  The  capacity  limit  of  the 
iinlloonB  entered  was  placed  at  75,000  cu.  ft., 
with  an  excess  allowance  of  6%,  making  a  gross 
allowance  of  about  80,000  cu.  ft.  available. 
Each  of  the  balloons  entered  was  closo  to  the 
limit,  ranging  from  76,000  to  79.500  cu.  fL 
capacity.  It  Is  Interesting  to  note  that  nU 
though  motor-driven  balloons  were  allowed  to 
compete,  none  were  entered,  and  all  the  oper- 
ators depended  on  their  skill  In  utilising  the 
prevalent  air  currents  to  reach  their  destina^ 
tions — wherever  those  might  be. 

Maps  and  all  available  Information  were 
placed  at  the  foreign  com pnti tors'  disposal  that 
they  might  acquaint  themselves  with  the  gen- 
erni  course  of  air  currents  In  the  United  States 
and  especially  in  the  region  of  St.  Louis.  Un- 
der such  conditions  the  pilots  should  have  com- 
peted on  nearly  equal  terms  In  this  retard.  In 
the  basket  of  each  balloon  were  only  two  per- 
sons, the  pilot  and  one  assistant.  It  was  ne- 
cessary that  these  men  should  be  well  pro- 
tected against  the  cold  of  the  season  and  alti- 
tudes to  be  reached,  as  no  lire  of  any  sort 
could  be  allowed  on  account  of  tbe  gas  In  the 
bag.  Kach  balloon  carried  provisions  and 
several  instruments,  such  as  a  compass,  regis- 
tering aneroid  barometer,  atatlscope  (to  Indi- 
cate the  rise  and  fall  of  tbe  balloon),  ther- 

•Koi>.-n<lurr(i  wKh  ^tstrosis  tnm  "Bstfssiflna  Vvn," 
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iiiometers,  betrides  charts  and  small  ebcirio 
flash-lamps  for  reading  the  instruments  and 
diarta  at  night.  The  baskets  were  etiulpped 
with  cork  in  one  way  or  another  so  that  they 
might  float  in  case  a  balloon  should  drop  into 
water.  It  should  be  remarked  that  no  acci- 
dent of  this  kind  occurred  to  any  competing 
balloon,  nor  did  any  pilot  find  it  necessary  to 
throw  his  Instruments  overboard  «r  to  oat 

loose  the  car.  a.3  ha  WM  gltoWOd  tO  dO  VAdef 

governing  rules. 

The  balloons  were  Urst  reported  as  having 

drifted  around  at  different  heights  in  search  of 
a  favorable  steady  air  current  and  bad  flnally 
settled  to  an  easterly  course.    Bight  of  the 

balloons  were  reported  while  crossing  Indiana 
and  Ohio  as  sailing  in  an  easterly  direction. 
Late  Oct.  ti  MaJ.  Henry  B.  Hersey,  of  tbe 
United  States  Weatlier  Bureau,  in  the  balloju 
"United  States,"  descended  on  the  shores  of 
Lake  Ontario,  some  050  miles.  In  a  direct  line, 
from  St.  I.ou.is.  This  was  the  shortest  course 
with  tbe  exception  of  the  English  balloon, 
which  descended  half  way  across  Ohio  on  ac- 
count of  the  slckncHS  of  the  pilot.  It  i-hould 
be  noted  that  Maj.  Hersey  was  the  one  com- 
petitor who  has  made  a  close  study  of  air  cur- 
rents in  this  count r\-  and  wax  the  only  one  who 
was  able  to  maintain  tbe  northeasterly  course 
which  the  pilots  hoped  to  follow.  However, 
he  was  handicapped  by  a  leaking  balloon,  and. 
with  his  ballast  almost  exhausted,  he  was 
obliged  to  descend  on  seeing  Lake  Ontario. 
Without  these  handicaps  he  jihould  have  lie  n 
able  to  hold  tbe  current  which  he  had  found 
and  to  have  crossed  Lake  Ontario,  when  be 
would  have  had  a  clear  field  of  hundreds  of 
miles  further  before  reaching  the  Atlantic 
Ocean.  Thte  is  Indicated  In  Fig.  1,  whidi 
shows  the  general  course  of  the  nine  balloons 
competing. 

Pig.  i  Indicates  the  method  used  by  Ma]. 

IT.  r-:.  y.  Tt  Is  '?f'-ti  that  by  remaining  n<  'lu' 
lower  altitudes  at  flrst  MaJ.  Hersey  followed 
the  tactics  by  which  Lieut.  Lahm  won  the  first 

race. 

Early  Oct.  23  the  remaining  balloons  began 
to  descend  along  the  Atlantic  coast.    First  the 

n<  i  "Pommcrn,"  bearing  Mesprs.  Ogcar 

Erbeloch  and  li.  H.  Clayton  was  reported  at 
Asbury  Park,  N.  J.   Shortly  after  the  French 

no 
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PIO.  1.   GENERAL  COVttSBS  OP  TRB  BALLOONS  IN 

TIIK    ST.    LOLIS    INTKUNATIONAL  RACE. 

(Ij  Tilt  I'oiniHfrii.  Lisle  d«  France.  (3)  DOm«I- 
dorr.  [4>  Tbe  at  Loata,  (S)  Tb»  Amariea.  10)  TIm  Ator> 
cron.  (T)  Th*  ValM  Btatm.  (8)  Th«  AajMi.  (B)  Tb* 
Louu  11. 

(RcpndttMd  Cron  "The  Htieutiflc  Anerlean/'  Nov.  S» 

lOUT.) 

"L'iBle  de  France."  with  Menra.  A1fr«d  Le 

Blanc  and  M.  E.  Mix  dcscendfd  not  far  fioui 
the  "Poinmern,"  and  further  to  tbe  south  tbe 

Millimeters 
Mercury 
400 


Survey  to  the  Aero  Club  of  Ainerk-a  and  the 
awards  have  been  made  only  tentatively  and 
subject  to  tbe  final  deefston.  However,  It  is 
not  probable  that  there  will  be  enouKh  diange 
in  the  records  to  change  tbe  awards  already 
annotraeed.  The  "Pommem"  has  been  tbm 
tontativoly  adjudged  the  winner  with  a  record 
of  576  ml.  "L'Isle  de  France"  traveled  870% 
ml.,  whldi  to  sllglitly  under  the  record  of  the 
"Pommern."  However,  this  French  balloon 
established  a  record  of  duration  of  time  aloft 
of  44  bra.  and  i  mln.,  which  Is  8  hn.  and  22 
min.  longer  than  tiie  rei  ord  of  Count  de  la 
Vaulx  in  hla  long  trip  from  France  to  Kussia, 
when  he  eetablished  the  distance  record  of 
1,19::  ml. 

The  recording  barometers  carried  on  each 
balloon  were  of  the  Jules  Richard  type  of 

modified  aneroid  couBt rutted  so  as  to  register 
up  to  5,000  meters,  or  about  16,000  ft.  altl- 

Altitudes. 
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KKCORDINO  BAROMBTBR  RECORD  8HOWINQ  THM  TRIP  OP  THI  "VNITBU  ITATBS." 


German  "Dflsseldorf"  was  reported  on  the  edge 
of  Delaware  Bay.  Four  other  contestants 
stopped  still  farther  south  without  crossing 
Chesapeake  Bay. 

The  distances  traversed  were  estimated  from 
data  furnished  by  the  United  States  Oeological 


tode.  In  FlK-  2  la  reproduced  the  record  of 
the  "United  States"  as  shown  by  the  original 
"barograms,"  but  without  barometric  and 
othor  eometloBS.  so  that  It  sliowa  only  appros- 
imately  the  altitode  of  the  balloon  dnrlng  Its 
flight. 


PROGRESS  WITH  BALL  AND  ROLLER 

BEARINGS 


By  S.  S.  EVELAND 

C0NDBN8BD  PROM  "AIIBRIGAM  MACHHtlST" 


Oreat  progress  has  been  made  in  bail  mak- 
ing, in  many  way.s.  during  the  past  five  years, 
during  which  time  tbe  accuracy  of  size  and 
spherlty  has  improved  from  a  possible  limit  of 
0.002  Inch  plus  or  minus  to  a  differenoe  now  In 
the  best  of  balls  of  o.OOOl  incb,  plus  or  minus. 
An  eanal  Improvement  has  been  cecured  In 


tbe  strength  and  durability  of  balls,  due  to  the 

use  of  special  altovH  of  cnu  lble,  high-carbon 
steels.  By  the  use  of  these  special  standard 
alloy  steels,  the  crushing  strength  of  balls  of 
the  highest  grades  has  been  raised  over  niO'/,  ; 
a  ball  of  a  given  size  that  would  formerly  have 
crushed  at  25,000  lbs.  now  requires  50,000  t» 
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55,000  lbs.  t:  crush  It.  In  conRcqufnce  of 
this  Improvemeut  In  the  strength  of  balls,  they 
muT  WW  be  applied  and  used  where  formerly 
It  was  not  possible,  owing  to  Jack  of  sufficient 
apace  for  the  use  of  the  proper  size,  but  it  la 
•ow  praetleal  to  uae  a  amaller  atae  than  fom- 
erly.  to  arcompllsh  the  result  desired.  Some 
evidence  of  the  importance  and  size  of  the 
littll  toalDeoa  la  Aown  In  the  ausntltgr  of  balla 
made  in  this  country,  vhleh  exeeeda  600,000.- 
000  per  annum. 

In  ball  bearlnga  of  a  apedal  type,  the  great- 
p^.t  development  Is  In  the  form  known  as  the 
annular  ball  bearins.  which  consists  of  two 
eoBeentrle  rlnga  haTlDg  groovea  In  the  Inner  and 
outer  face,  in  which  the  balls  revolve  and  have 
«  bearing  surface  of  a  considerable  part  of 
tbeir  radiua.  There  is  no  adjnatment,  Wlilcih 
■was  formerly  a  feature  of  all  typfs  of  ordinary 
cap  and  cone  form  of  bearing,  but  which  is  not 
neeeaaary  or  dealrabte.  In  the  Improved  type 
of  annular  hall  boarhip.  This  bearing  Is  made 
Of  apecial'  alloy  steel,  and  has  been  used  suc- 
eeaafnlly  for  many  purpoaea  where  the  old  cup 
and  cone,  made  of  case-hardened  marhinory 
aleal,  tailed  in  operation.  Bearings  of  this 
diaraeter  have  been  naed  anooessfutly  on  mo- 
tors and  generators  and  have  added  10  to  15% 
to  the  efflcienqy  of  the  electrical  apparatus  on 
which  they  were  need. 

In  roller  bearlnps.  even  a  more  rapid  d-  ■ 
veiopment  has  taken  place  than  in  ball  bear- 
Insa.  Among  the  uaea  to  wtateh  they  have 
been  applied  during  the  past  five  years  with 
exceptional  success  is  on  trolley-car  Journals. 


The  saving  In  current  consumption  Is  very 
great,  as  is  indicated  in  a  test  run  of  two  cars, 
•practically  alike  and  run  under  the  aame  con* 
dltlons,  one  having  the  ordinary  plain  bear- 
ing, and  the  other  fitted  with  roller  bearings. 
The  teat  waa  on  three-mile  ran,  whldi  la  nearly 
straight  except  for  ono  short  90"  curve.  One 
car  was  equipped  with  roller  bearings,  while 
the  other  had  ordinary  plain  bronse  bearings 
and  the  tests  were  as  nearly  Identical  as  pos- 
sible. The  time  of  runs  was  nearly  the  same, 
but  the  eonsumptloB  of  energy  was  only  t.l 
kilowatt-hours  for  the  roller  bearing  aa  againat 
6.46  for  the  other. 

The  aavlng  secured  may  aeem  large,  bnt  la 
confirmed  by  further  tests  made  In  which  it 
was  demonstrated  that  the  net  cash  saving  In 
coal  oonanmptton  or  Its  eqnhralent  la  9S60  per 
car,  per  annum.  In  addition  to  which  there  Is 
a  very  considerable  saving  in  wear  and  tear 
which  occurs  on  the  ordinary  brasaea. 

One  test  made  by  the  Federal  Qovern- 
ment  some  time  ago,  of  an  army  wagon  fit- 
ted with  and  without  roller  bearing  axles, 
demonstrated  a  saving  rauKlnj?  from  about 
62%  up  hill  to  as  high  as  75%  on  an  asphalt 
drive. 

An  electric  cab  will  run   from   25  to  35% 

farther  on  one  charge  with  roller  or  ball  bear- 
lnga than  when  uaing  plain  bronse  bearlnga. 

Tn  using  shafting  hanger  bearings  a  recent 
test  showed  that  18  heavy  grinding  machines, 
using  40  HP.  with  the  plain  babhttted  hent^ 
iuKs,  used  only  27  HP.  when  roller  bearing 
shafting  hangers  were  used. 


CHLORIDE  OF  CALCIUM  IN  REFRIGERATION 


CShlorlde  of  calcium  Is  being  used  more  and 
more  instead  of  salt  In  refrigeration,  and 
those  who  substitute  it  for  commou  salt  will 
never  go  iMMik  tO  the  other.  Salt  always  con- 
tains a  large  amount  of  Impurities,  and  its 
iron-destroying  effect  makes  It  rather  costly 
In  the  end.  It  should  be  borne  in  mind  that 
when  a  pipe  is  attacked  from  both  sides  its 
life  will  be  rather  short.  This  Is  also  the  case 
with  the  tanks  containing  the  salt  brine,  and 
with  pumps  tor  handling  it.   This,  as  well  as 


the  great  majority  of  other  troubles  that  are 
experienced  in  using  salt  brine,  is  avoided 
when  using  chloride  of  caldum.  It  aeema  to 
pass  through  the  pipes  with  less  friction,  and 
parts  which  were  in  use  for  a  long  time, 
showed  upon  removal  that  no  oorroatve  ae- 
tion  had  taken  place  inside.  Chloride  of  cal- 
cium also  has  a  much  lower  treeslng  point 
than  common  salt  brine,  and  la  therefore  bet- 
ter suited  for  places  where  a  low  temperature 
Is  required — "The  American  Brewers'  Review." 
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LORD  KELVIN 


Lord  Kelvin  (William  ThoinsoD),  for  years 
regarded  as  the  foremost  scientist  of  Great 
Britain,  died  at  his  home  in  Glasgow,  on  Dec. 
17,  at  the  ripe  age  of  83  years;  and,  up  to  the 
time  of  his  last  sickness,  in  the  possession  of 
remarkable  vigor  of  body  and  mind. 

William  Thomson  was  born  at  Belfast,  Ire- 
land, June  26,  1824. 
He  was  the  son  of 
James  Thomson,  who 
In  1S32  was  called  to 
the  chair  of  mathe- 
matics at  the  Univer- 
sity of  G-lasgow.  At 
the  age  of  11  he  began 
attending  classes  at 
this  Institution,  later 
removing  to  Cam- 
bridge, where  he  was 
graduated  from  St. 
Peter's  College  in 
184S.  He  was  then 
elected  to  a  fellowship 
and  In  the  following 
year  was  called  to  the 
chair  of  Natural  Phil- 
osophy at  the  Univer- 
sity of  Glasgow,  at  the 
age  of  22  years.  This 
professorship  he  held 
until  1899. 

He  was  drawn  Into 
practical  work  when 
the  Atlantic  cable  pro- 
jects were  attempted 
In  1857-1858,  and 
again  In  1865-1866. 
His  chief  contributions 
to  the  advancement  of 

marine  telegraphy,  however,  were  the  inven- 
tions of  devices  for  overcoming  the  sluggish- 
ness of  transmission  of  signals — which  greatly 
hindered  the  early  crude  apparatus,  and  the 
Invention  of  the  siphon  recorder  for  recording 
cable  messages.  As  a  result  of  his  early  work 
on  cables,  he  was  looked  upon  as  an  authority 
on  electrical  matters  and  was  consulted  on 
practically  every  new  project  of  that  nature. 

In  IS 67  he  was  knighted  In  recognition  of 
his  services  in  connection  with  the  .\tlantlc 
cable,  and  in  1892  he  was  raised  to  the  peer- 
age with  the  title  of  Baron. 

Lord  Kelvin's  work  won  for  him  not  only 
the  royal  recognition  accorded  him,  but  also 


LORD  KELVIN 


memberships  In  the  most  distinguished  scien- 
tific organizations  In  the  world.  He  waia 
often  referred  to  as  an  example  of  the  hlgheet 
type  of  scientist,  combining  rare  powers  of 
mathematical  reasoning  with  the  Inventive 
faculty  and  the  manipulative  skill  of  the  ex- 
perimentalist.   He  was,  moreover,  successful 

in  the  business  rela- 
tions of  life. 

His  contributions  to 
electrical  science  may 
be  divided  into  three 
groups  —  those  con- 
nected with  submarine 
cables;  those  dealing 
with  navigation  and 
the  Improvement  of 
the  mariner's  c  o  m  - 
pass;  and  those  having 
to  do  with  electrical 
measuring  instru- 
ments of  precision.  He 
d  1  d  much  valuable 
work  in  the  determin- 
ation of  the  mechan- 
ical equivalent  of  heat, 
and  also  devised  an  In- 
strument for  comput- 
ing the  time  of  high 
tides  and  apparatus 
for  measuring  great 
sea  depths. 

Lord  Kelvin  visited 
America  In  1884,  at 
which  time  he  deliv- 
ered a  series  of  lec- 
tures at  Johns  Hop- 
kins University,  which 
have  been  published 
under  the  title  of  "Baltimore  Lectures."  He 
came  twice  again  to  this  country,  in  1897  and 
19U2.  In  18»6  his  fiftieth  anniversary  as  a 
professor  in  the  University  of  Glasgow  was 
celebrated  with  a  Jubilee,  during  which  he 
was  showered  with  the  highest  honors  that 
appreciative  scientists  from  all  parts  of  the 
world  could  bestow. 

He  was  the  author  of  Innumerable  scientific 
treatises  and  papers,  including  a  work  on  nat- 
ural philosophy  In  collaboration  with  Prof. 
P.  G.  Tait.  Ho  was  president  of  the  Royal 
Society,  and  at  some  period  or  other  of  his 
life  of  practically  every  other  Important  scien- 
tific body  in  the  British  Empire. 
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Fireprooftug  \V«»ods  ttiiU  labrlcs. — A  I'leuih 
formula  for  this  purpose  consists  of,  according 
to  "The  Mefhanical  Enginem":  .sulijluiLe  oT 
ammonia,  srams;    borate  oi  »uda,  15 

grRms:  boric  add,  S  grama;  water,  1,000 
grms. 


Friction    Ijosses    in    CountenfaafttaK — Ar- 

cordlng  to  Mr.  L.  P.  Ahord,  in  a  recent  issue 
of  "American  Maclilulst,"  the  nvt-iagu  percent- 
age of  friction  load  to  tuial  load  In  a  number 
of  machine  shops  Is  n.O.  Five-sixths  of  this 
loss  occurs  in  the  disiriliuliug  shafts  and  the 
countershatto  of  tbe  various  machine  tools. 


Tiuol  is  a  new  soldering  flux  recently 
brought  out  in  Germany.  It  is  composed  of 
tin  and  lead,  reduced  to  an  impalpable  powder 
aud  lltcn  mixed  with  chloride  of  zinc.  This 
compoiind  Is  then  made  into  a  paste  by  the  ad- 
dition of  vaseline  or  glycerine.  It  Is  stated 
that  no  oxidation  takes  place  when  It  is  used, 
and  that  the  joints  soldered  witli  ft  are  itn> 
usaalljr  dean. 


A  Mew  Klertromagactic  Xmck  Brake.^Testa 
were  made  about  a  month  ago  in  Leeds,  Eng., 
of  a  new  electromagnetic  brake  for  trolley 
can.  the  invention  of  A.  W.  Malay,  one  of  the 
assistant  engineers  of  the  tramway  depart- 
ment of  the  Leeds  Corporation.  Tbe  brake  is 
Operated  in  tbe  jlrst  place  as  an  ordinary  slip- 
per brake,  or  It  can  be  used  from  the  controller 
as  an  emergency  brake  energized  from  the 
motors.  Thus  ttta  brake  is  first  of  all  put 
upon  the  track  as  an  ordinar>'  slipper  brake 
for  coasting  or  service  stoppages,  and  in  case 
of  emergency  is  used  as  a  rheostat  brake.  The 
brake  showed  that  It  was  entirely  capable  to 
do  tbe  work  for  which  it  was  designed.  Two 
of  thO  most  satisfactory  tests  gave  the  follow- 
ing results:  speed  of  car  on  application  of  the 
brake,  19.7  miles;  amperes  per  motor.  80; 
▼Olts  per  motor,  446:  distance  required  to  stop 
car,  60  ft.  Test  No.  2:  speed  on  application 
of  the  brake,  24  miles;  amperes  per  motor,  80; 
Tolts  per  motor.  795;  distance  required  to  stop 


iiiv,  U.    Aa  a  rustilt  of  these  favorable 

trials,  three  cars  fitted  with  the  magnetic 
hiakes  have  been  pnt  into  service  in  Leeds.— 
Kium  "The  Electrical  Engineer"  (Lond.). 


Color  Values  of  Artificial  Lights  was  the 

subject  of  a  paper  recently  read  before  the 
Electrical  Section  of  the  Western  Society  of 
Engineers,  by  H.  V.  Allen.  The  writer  gave 
the  predominating  colors  of  dittcrent  illumin- 
ants  as  follows: 

Enclosed  arc  lamp  (about  110  volts),  clear 
globes,  bluish  white;  with  opal  globe  and 
diffuser,  white. 

Enclosed  arc  lamp  (3%-ampere,  140-voIt, 
direct-current),  violet  (beyond  color  correc- 
tion). 

Nernst  lamp  (new  glower),  pale  lemon-yel- 
low; with  seasoned  glower,  deep  lemon-yellow. 

Incandescent  lamp,  new,  yellow;  ae«soned> 
pale  orange-yellow. 

Welsbach  and  vapor  bydrocarbon  lamps, 
new,  greenlsli  white;  seasoned,  greenish  yel- 
low. 

Ordinary  gas  flame,  reddish  yellow. 

.Mercury-arc  lamp,  blue-green. 

The  preponderance  of  bluish  ravB  of  the  arc 
lamp  can  be  corrected  by  using  opalescent 
globes  and  proper  reflectors.  The  enclosed  arc 
lamp  can  be  corrected  by  using  opalescent 
dllhisers  was  advocated  as  producing  the 
whitest  IlKht  and  therefore  tbe  closest  ap- 
proach to  daylight.  For  this  reason,  it  was 
stated,  It  was  best  suited  for  the  Illumination 
of  dry  goods  stores  where  color  values  are  of 
great  importance.  Bven  distribution  of  light 
and  ahaeiMM  of  direct  rays  were  other  advan- 
tagea  of  these  are  lamps. 


Monox. — "When  silica,  ordinarily  In  the 
form  of  glass-maker's  sand,  is  heated  In  con- 
tact with  coke,  graphite  or  silicon  carbide^ 
silicon  monoxide  or  "monox**  Is  produced. 
Monox  Is  a  brown  powder  which  is  so  ex- 
tremely voluminous  aa  to  weigh  only  about 
2%  lbs.  per  cv.  ft.  though  Its  true  dettiitr 
Is  about  2.24.   One  of  the  most  Interesting 
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properties  of  monox  Is  that  It  Is  iieK;itlvely 
electrostatically  cliarged  very  powerfully  oo 
the  sHghtMt  provocation,  such  as  drawlnir  U 
snsi(f'ti(i.'(l  In  dry  air  through  a  short  rubber 
pipe.  When  so  charged  it  fliea  and  adheres 
to  all  non-conducttnK  aurfaoea,  aneh  as  a  cot> 
ton  or  other  faliiic-,  without  caking  together  or 
materially  hindering  the  passage  of  a  gas. 
A  sereen  of  this  ebaraet«r,  coated  with  ad- 
hering moiiox',  Is  Imprrvlnus  to  flue  solid  par- 
ticles, such  as  those  constituting  cigar  smoke, 
or  the  fine  partlclea  formed  when  Kaseoua  am* 
niouia  r<"'af"ts  with  pascons  hydrochloric  acid. 
Germs  and  all  such  organisms  are  stopped, 
ao  that  air  drawn  throngh  anch  a  screen  Is 
abRohitply  storilp.  This  makes  it  prohahlp 
that  monox  will  find  extended  application  in 
institutions  HIm  hospitals,  but  this  must -be 
invnstlfratf>d  before  any  authoritative  stato- 
luent  regarding  its  value  in  this  field  is  made. 
Monox  is  also  used  as  a  pigment  in  certain 
paints,  and  in  competition  with  other  pigments? 
has  shown  very  gratifying  durability. — H.  N. 
Potter,  In  "The  Bleetroehemlcal  and  Metal- 
Inrgleal  Industry." 


Cadminm  and  Its  Vwt». — During  the  last  few 

years  cadtnhini  has  met  with  iiu  reii>if(I  inter- 
est. A  new  plant  for  producing  it  has  been 
erected  at  Joplin,  Mo.,  and  several  new  uses 
for  the  metal  have  heen  discovered.  Cadmium 
is  usually  obtained  from  its  ores  by  the  dry 
processes — ^1.  e.,  hy  distillation.  It  usuallr 
occurs  as  tlie  carbonate  iti.  all  zinc  ores,  but 
in  a  smaller  percentage  than  the  zinc.  The 
principle  on  which  the  distillation  process  of 
obtaining  cadmium  is  based  is  that  metallic 
cadmium  evaporates  at  a  far  lower  tempera- 
ture than  metallic  zinc.  The  property  of  cad- 
mium  which  gives  It  value  In  the  arts  ib  ;' 
ability  to  enter  into  combinations  with  other 
metals,  thereby  lowering  the  melting  point. 
Various  alloys  of  this  kind  are  used  as  solder; 
Lipowltx's  metal,  for  example,  melts  at  158° 
F.  and  tin,  lead  and  Britannia  metal  can  be 
soldered  with  U  In  water.  In  soldering  Ger- 
man silver,  brass  or  zinc  with  this  metal, 
muriatic  acid  must  be  used  to  roughen  the  sur- 
face. This  alloy  consists  of  1  parts  of  tin,  ;i 
Of  cadmium,  15  of  bismuth  and  8  of  lead.  It 
has  a  luster  exactly  similar  to  that  of  polished 
silver,  is  tough,  and  can  be  bent,  hammered 
and  turned.  Another  alloy  of  cadmium  which 
Is  being  used  considerably  Is  one  composed  of 

platinum,  copper,  nickel  and  cadmium.  It  is 
used  in  watches  and  clocks  where  a  tough, 
•laatlc  and  duetlle  metal  is  required,  and  one 


which  at  the  tame  time  must  he  uou-mag- 
netic.  Cadmium  also  finds  an  exteusive  uso 
as  a  pigment  In  the  form  of  cadmium  sulphide. 
Other  of  Us  compounds  are  used  In  pho- 
tography, dyeing,  and  in  medicine.  The  price 
of  cadmium  fluctuates  widely,  varying  flrom 
S!).')  to  $105  per  100  lbs. — Paul  Bpeier  in  "The 
Mining  Journal"  (Lond.). 


<).\ygrn  in  tUv  .Xrtn. — Varlotis  factors  havo 
hitherto  militated  against  the  general  appli- 
cation of  oxygen  In  the  arts  and  Industries,  the 
principal  being  the  Impos.slbllity  of  obtaining 
it  in  large  quantities  at  a  low  cost.  The  rapid 
development  which  la  takinjr  place  In  the  ap* 
plication  of  Dr.  Carl  von  Liude's  method  of 
producing  oxygen  from  the  atmosphere  by 
fractionation,  offers  reason  for  the  IwUef  that 
a  more  general  use  will  be  made  of  o.xygeu. 
particularly  in  metallurgical  oijprations  In  th^ 
future.  It  la  probable  that  In  moat  cases 
oxygon  will  not  be  employed  in  a  state  of 
purity,  but  will  be  used  for  the  purpose  of 
adding  from  S  to  10%  to  the  quantity  present 
hi  the  normal  air  supply.  In  the  iHt-e  of  a 
blast  furnace  the  enrichment  of  the  blast  by 
the  addition  of  6%  of  oxygen  would  have 
marked  effects,  which  should  be  distinctly 
beneficial.  One  result  would  be  to  reduce  the 
capacity  of  the  blowing  engines  by  20%.  A 
plant  to  prodnce  oxygen  may  soon  become  -i 
necessary  adjunct  to  the  blast  furnace.  On 
audi  a  scale  the  cost  of  the  oxygen  would  be 
reduced  to  a  very  small  amount.  It  Is  prob- 
able that  considerable  economy  would  be  in- 
troduced into  other  smelting  operations  by  the 
use  of  oxygen,  n.s  In  the  reduction  of  copper, 
and  in  the  production  of  zinc,  nickel  and  other 
metals.  For  the  production  of  Bessemer  steel 
the  addition  of  a  Bmall  quantity  of  oxygen 
during  the  first  i>art  of  the  blow  would  provide 
a  means  for  reducing  the  time  necessary  for 
the  operation.  It  would  seem  that  the  process 
lends  Itself  particularly  to  this  application  in 
▼lew  of  the  small  amount  of  silicon  in  much 
of  the  ore  in  this  country. — Cecil  Llghtfooi,  in 
"The  Electrochemical  and  Metallurgical  In- 
dustry." 


Manufactored  Omjililte.— One  of  the  most 
Important  electrical  Industries  at  Niagara  Falla 

manufactures  graphite  from  anthracite  coal 
and  petroleum  coke  and  converts  into  graphite 
the  forms  of  raw  carbon  used  In  electric  fur- 
nace  work,  wlu'r''  high  temperature  is  re- 
quired, and  for  electrolytic  work,  such  as  the 
mannfacture  of  caustic  sodas,  hleadiing  pow- 
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ders,  etc. — in  tact,  practically  all  metbods  ot 
elccttolyste.    The  raw  materials  ttaed  eooabt 

of  antlnac'te  coal,  glass  sand,  foundry  coke, 
and  sawdust,  all  of  wblch  are  imported  from 
Ui«  United  States,  except  the  aawdnst.  The 
fu-rnaces  used  for  tho  fonverslon  of  the  anthra- 
cite coal  or  petroleum  coke  into  graphite  are  in 
the  form  of  long  narrow  trough*,  hutlt  of  Are- 
brick  aud  lined  with  some  suitable  refractory 
or  insulating  material.  In  this  case  the  sand, 
coke,  and  aawduat  are  used  for  InsuIatiBg,  1^ 
mixing  them  toRether  in  the  proper  propor- 
tions. At  the  end  of  each  trough  is  a  terminal 
bntlt  of  carbon  rode,  to  which  to  connected  the 
cables  conveying  the-  current.  The  trough  is 
filled  with  anthracite  coal,  in  which  is  em- 
bedded a  carbon  rod  to  make  electrical  oon- 
nectlou  between  the  terminals,  as  the  coal  is 
a  rery  poor  conductor  of  electricity.  The  tern- 
perature  to  which  the  coal  to  raised  before 
conversion  Into  sruphite  Is  very  hlRh,  and  Is 
said  to  approximate  7,500°  F.,  a  temperature 
at  whleh  all  bodies  except  oirbon  are  vapor- 
ized and  driven  off.  It  Is  pos.-^Ible  to  make  the 
graphite  practically  chemically  pure,  but  for 
ordinary  commercial  purposes  sndi  a  high  de- 
gree of  purity  Is  unnecessary,  but  It  Is  possibb" 
to  so  regulate  the  operation  that  a  degree  oi 
uniformity  oC  purity  to  attained  whldi  to  not 
possible  to  secure  in  the  production  of  natural 
graphites.  When  the  furnace  has  cooled  suf- 
flelently  the  graphite  to  remoived,  but  It  to  not 
yet  in  commercial  form  and  has  to  be  ground 
to  powder  and  finally  separated  into  the  sizes 
necessary  for  the  Tmrlons  uses  to  whldi  gra- 
phite is  put,  one  of  the  most  Important  of 
which  is  its  application  as  a  protective  coating 
for  Iron  and  other  metal  atnieturea.  During 
1906,  454.311  lbs.  of  graphite  were  mantifar- 
tured  here,  the  greater  part  of  which  was  ex- 
ported to  the  United  States. — ^"Mining  and 
Bcientlflc  Preaa." 


An  Instrument  for  Testing  Hardness. — The 

sclcroscope,  devised  !>>  Mr.  .Mhert  F  Shore, 
aud  described  in  detail  in  a  recent  usue  of 


the  "American.  Macbinlst,"  consists  ot  a  ver- 
tical glass  tube  about  lO  Ins.  high, and  a  small 
pointed  hammer  weighing  about  40  grains. 
Thto  hammer  U  made  ot  steel,  tr^ted  so  that 
It  posassees  Jewel  hardness  and  has  a  rery 
small  convex  tip.  When  allowed  to  drop  from 
the  top  of  the  tube  this  hammer  makes  a 
slight  Indentation  tn  the  material  to  be  tested 
and  then  rebounds.  The  height  of  the  re- 
bound is  used  in  preparing  a  comparative 
scale  ot  hardness  of  various  materials.  Tak- 
ing hardened  carbon  steel  ae  100  and  soft 
brass  aa  10,  the  following  comparative  values 


have  been  detemliied: 

Lead,  east...'   2 

Babbitt  metal,  cast                           4  to  9 

Brass,  soft,  cast                             7  to  10 

Brass,  hard,  cast                          20  to  26 

Brass,  rolled   26 

Ooid  coin   14 

Copper,  rolled                             14  to  20 

Zinc,   rolled   20 

Zinc,  cast.   8 

Nickel,  east   27 

Silver  coin   34 

Iron,  hot  roiled   18 

Iron,  cold  rolled   85 

Iron,  gray,  cast   39 

Iron,  gray,  cast,  chilled...........  50  to  90 

Steel  railroad  rails,  0.46  to  0.50  car- 
bon, annealed                                  26  tiO  20 

Steel,  tool,  1  and  over,  carbon  an- 
nealed   81 

Steel,  tool.  1  and  over,  carbon  un- 

annealed                                     40  to  50 

Steel,  tool,  1  and  over,  carbon  cold- 
rolled  drill   rod                             86(0  40 

Steel,  tool,  manganese  self-hardea- 

ing                                             COto  86 

Steel,   high-speed  .„  1 00  to  105 

Steel,  tool,  carbon   90  to  110 

Porcelain    120 

Qlaas   180 


(The^p  fiRUres  are  subj'  <  ;  to  =l:i;ht  rnriations  owiiiE  to 
ibe  uaiure  u(  ttte  compo*ition  or  compreesion  of  metali.) 
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Dalton's  tbeorr  was  that  all  matter  H  com* 

posed  of  Bmall  particles  to  which  he  gave  the 
name  atoms.  As  the  oame  Implies,  these  par- 
ticle* wen  eoneldered  IndlTlslble.  atom 
had  a  certain  weight.  The  atom  of  oxygen. 
In  hie  view,  welshed  eight  times  as 
mtidi  as  the  atom  of  hydrogen,  the  atom  of 
carbon  !>ix  times  as  much,  and  the  atom  of 
chlorin  thlrty-flve  times  as  much.  Compounds 
eonaiated  of  combinatlona  of  different  kinds 
of  atoms;  in  elements  the  atoms  were  all  alike. 
The  smallest  quantity  of  a  compound  must 
contain  at  least  two  ntpma,  and  larger  qunntl- 
ties  were  made  up  Of  a  number  of  these  small- 
est quantities. 

Later  the  groups  of  atoms  came  to  be  called 
moleculea,  and  it  was  sometimes  a  question 
bow  many  atoms  of  each  kind  there  were  in 
the  nolecttle.   Upon  the  answer  gtren  to  this 

wciiM  lopend  the  relative  weight  assigned  to 
the  atoms.  It.is  calculated  that  in  a  gas  more 
than  ISO  fttllHon  million  million  moleoules  are 
contained  in  a  cubic-  inch,  and  the  molecules  of 
many  gases  are  composed  of  a  considerable 
aamber  of  atoms.  Moreover,  the  moleenles 
are  comparatively  very  far  apart  in  a  gas. 

Another  method  of  showing  the  probable 
size  of  molecules  is  the  fallowing:  Suppose 

a  drop  of  water  were  magnified  to  the  size  of 
the  earth,  the  molecules  would  be  between  the 
stse  of  a  cherry  and  that  of  a  eridcet  ball. 

And  now  we  are  brought  to  the  newer 
chemistry.  Dalton's  new  chemistry  taught 
that  the  atom  Is  the  smallest  particle  of  mat- 
ter existent;  that  the  atom  Is  indivisible.  The 
newer  chemistry  admits  that  the  atom  is  Indi- 
visible in  the  sense  that  we  cannot  divide  It. 

The  chemist  may  separate  one  atom  from  an- 
other atom,  but  ho  cannot  divide  the  atom 
Itself.  But  according  to  the  newer  chemistry, 
though  we  cannot  divide  an  atom,  the  acoms 
Of  some  substances  and  possibly  of  all  sub- 
stances decompose  of  their  own  accord. 

Some  forty  years  ago  Crookcs  made  a  very 
interesting  InTestlgation  into  the  passage  of 
eloetfleltr  through  mrlfled  air  and  other  gsaes 


inclosed  in  glass  tubes  or  bulbs.  Platinum 

wires  fused  through  the  glass  terminated  in- 
side and  constituted  electrodes — that  is,  the 
means  by  which  the  eleetrleity  was  communi- 
cated to  the  gas.  The  wires  outside  the  tube 
were  connected  with  the  positive  and  negative 
poles  of  an  electric  machine.  The  electrode 
connected  with  the  positive  pole  is  called  the 
anode;  the  one  connected  with  the  negative 
pole  is  called  tli*  cathode.  The  passage  of 
electricity  throng  these  tttbea  produces  won- 
derful effects. 

It  the  ggs  Is  not  too  mmfli  rartHed  a  brilliant 
glow  appears  in  the  tube,  not  continuous,  but 
like  luminous  disks  at  right  angles  to  the  path 
of  the  electrte  current.  If  the  gas  la  suiB- 
clently  <  rhauBted  a  dark  space  shows  around 
the  cathode,  and  if  the  gas  is  still  further 
rarlfled,  the  dark  space  grows  and  may  tl!  the 
whole  bulb,  if  the  exhaustion  Is  carried  very 
far.  But  in  this  case  the  walls  of  the  bulb 
shine  with  a  brilliant  glow  called  ffuoreseence. 
Cronkrs  maintained  that  the  phenomena  wero 
not  to  be  explained,  except  on  the  assumption 
of  particles  uudt  smaller  than  atoms  shot  out 
from  the  cathode. 

The  attention  of  the  world  at  large  was 
drawn  to  the  matter  by  Roentgen's  startling 
discovery  of  the  photographic  effect  of  electric 
discharge  in  exhausted  bulbs.  It  can  be  prove(\ 
that  small  partldea  are  shot  from  the  cathode 
in  straight  lines.  If  the  cathode  conslBts  of 
a  flat  disk  the  particles  are  sent  out  in  parallel 
rays;  If  the  cathode  Is  a  ixntton  of  a  sphere 
the  rays  converge  to  the  center  of  the  .sphere. 
The  particles  are  very  small,  only  about  one- 
thousandth  the  weight  of  the  hydrogen  atom, 
and  eacli  has  a  charge  of  negative  electricity 
as  is  proved  by  the  fact  that  they  are  at- 
tracted toward  a  positively  eleetrlfled  body 
and  are  repelled  by  a  negatively  electrified 
body.  Their  velocity  is  between  20,000  and 
80,000  miles  a  second.  It  Is  not  possible  In 
this  short  article  to  show  how  these  conclu- 
sions are  arrived  at,  but  they  are  generally 
admitted  by  Investigators  of  the  subject.  These 
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very  Fniall  particles  are  sometimes  ctUcd  cor- 
puscles aDd  sometimes  electrons. 

A  little  more  tlian  ten  jrears  ago  BecQuerel 
diprovorofl  that  liraninm  romrmnnds  prochic.' 
some  Qt  the  effects  hitherto  obtained  only  by 
electric  discharge  throngb  exbausted  gacee, 
and  shortly  nftcrwartl  Mme.  Curie  spparatcd 
radium  from  pitchblende,  the  most  important 
ore  of  aranlttm.  Radium  waa  found  only  in 
very  small  auantlty,  but  its  effect  proved  to 
be  very  powerful.  Further  Investigation  by 
Rutherford  and  others  shows  that  from  radium 
compounds  two  kinds  o(  particles  arn  ient  ont. 
One  kind  is  about  twice  the  weight  ot  the 
hydrogen  atom,  and  has  a  charge  of  positive 
electricity.  The  other  kind  is  similar  to  the 
corpuscles  which  constitute  the  cathode  rays. 
The  first  form  what  are  called  the  alpha  rays; 
the  second,  beta  rays.  The  electric  charge 
upon  the  particles  Is  determined  as  in  tbo 
case  of  the  cathode  rays.  |t  is  found  that  the 
alpha  rays  are  attracted  by  a  negatively  elec- 
trified body,  while  the  beta  rays  are  attracted 
by  a  positively,  electrified  body.  The  beta  rays 
are  those  that  most  concern  ns  at  this  time, 
since  they  consist  of  electrons  which,  as  stated, 
are  smaller  than  the  lightest  atom  known. 

Since  radium  sends  out  particles  as  stated, 
it  seems  evident  that  it  is  decomposing.  The 
beta  particles  are  emitted  in  Inconoefvable 
numbers.  It  is  calculated  that  each  ?raln  of 
radium  shoots  out  200,000,000  corpuscles  each 
second  with  a  velocity  nearly  equal  to  that  of 


light.  So  small  are  thcsp  electrons,  however, 
that  if  these  were  the  only  particles  emitted 
It  woiild  take  millions  of  years  for  the  radium 
to  he  dloplpatrd.  The  particles  of  the  alpha 
ruys  are  much  larger,  and  are  given  off  more^ 
numerously,  and -on  that  account  a  few  thou- 
sand years  nnly  are  needed  for  the  almost 
total  dissipation  of  radium. 

The  present  theory  regarding  the  composlo 
tlon  of  matter  is  that  all  atoms  are  made  up 
of  electrons;  in  the  hydrogen  atom  there  are 
approximately  1,000,  in  the  atom  of  radium 
there  are  225  times  as  many.  Earh  of  the 
electrons  is  charged  with  a  deftnlte  quantity  of 
negative  electricity,  but  the  atom  is  not 
charged  because  the  negative  electricity  is 
counterbalanced  by  an  equivalent  positive. 
How  the  positive  electricity  exists  is  not  defi- 
nitely settled. 

One  atom  differs  from  another  ot  a  differ- 
ent element  in  the  number  of  electrons,  anfi 
possibly  also  in  their  arrangement  one  atom 
may  change  to  another  by  losing  a  certain 
number  ot  electrons.  So  It  Is  conceivable 
that  the  lead  atom  mipht  change  to  a  gold 
atom,  and  we  should  have  the  problem  solved 
for  which  the  old  alchemists  desired  the  phll* 
oaopher'<;  !;tone. 

The  dream  of  the  old  alchemists  is  still  un- 
fulfilled. It  it  should  in  the  future  atUln  ful- 
fillment the  era  of  the  newest  chemistry  would 
iie  inaugurated. — Prof.  John  V/addell,  in  the 
"New  York  Tlmea." 


THE  LUMltilE  AUTOCHROME  PLATE* 


The  lati.-Ht  ailvinue  In  the  srlcnre  of  color 
photography  is  the  Lumlere  autocbrome  plato. 
Drfeflr  stated,  the  general  procedure  is  as  tol- 
Inwj^;  A  ;;lasi8  plate  receives  a  coating  of  po- 
tato-starch grains — about  5,000,000  per  sq.  in. 

These  grains  are  Impregnated  with  a  dye. 
In  a  «<  ri;  iii  srn^e  the  method  is  a  varlalJon  of 
the  three-color  process;  only  the  colors  used 
are  not  tlione  which  are  ordinarily  considered 
primaries — red,  yellow  and  blue — but  light 
green,  red-orange  and  blue-violet,  which  are 
distributed  throughout  the  particles  in  equal 
proportions. 

After  isolation  with  waterproof  varnish,  the 
granulated  surface  is  coated  with  a  panchro- 
matic collodion  emulsion.   The  exposure  may 

•Froet  "Tb«  X«ir  color  PbdtoBropbr"  tof  J.  NlltM 
trfiiirvlk  la  tiM  Cratury  tor  Jsauary. 


rouglilv  be  8?a?d  to  be  twenty  times  a.s  loat:  as 
one  on  a  fabl  plate,  and  U  made  In  an  ordinary 
camm-a  without  any  extra  apparatus,  the  plate 
havlni;  Its  g^ass  side  turned  toward  the  I'  lis. 
The  light  passes  through  the  colored  grains 
and  then  strikes  the  light-sensitive  film.  A 
8pecl:il  yrinw  screen  is  placed  before  or  be- 
hind the  lens  to  retard  the  atction  of  blue  rays. 
After  developing,  the  plate,  without  fixing* 

is  trt.'att'd  with  aridified  periiianKauale  of  DOt- 

ash,  which  ccts  as  a  reducer.  This  and  tho 
further  procees  Is  undertaken  In  broad  day- 
light. Aft«.  r  rt  ductir.in  the  plate  is  rinsed  and 
redeveloped,  the  result  being  a  positive  trans- 
parency in  natural  colors,  which,  to  be  seen, 
miif-t  be  bebl  iin  to  white  light.  At  present  no 
duplicates  ure  possible,  nor  is  it  possible  to 
remedy  any  faults  by  means  of  retouclitng. 
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AI/TBRNATINO  CURRBNT  MOTORS.— By  A. 

8.  McAllister,  Ph.  D.  Second  Edition,  re- 
vised and  enlarged.  New  Yorlc:  McOraw 
Publishing  Co.  Cloth;  G  9  In.s.:  pp. 
Jii  -t^  303;  131  Illustrations  in  the  text 
■and  many  tables,   f  8,  net 

That  a  second  edition  of  this  work  has  boen 
^called  for  within  a  year,  speaks  well  tor  the 
-.treatmant  aoeorded  by  tha  autbor  to  bja  nona 
too  simple  subjppt.  In  proparlnp  the  text  the 
autbor  ussumed  on  the  part  of  the  reader  a 
saaeral  koowladva  of  the  fandamantal  min- 
ciples  of  electricity  and  magnatlam,  together 
with  a  working  acquaintance  wltb  the  lower 
brancbea  of  mathematlCB.  Both  graphical  and 
algehralral  methods  are  employed,  and  the 
endeavor  of  the  autbor  has  been  to  present  his 
:cabject  in  the  sinurtast  manner  conaiatent  with 

the  demands  of  accuracy.  Some  of  the  more 
important  additions  and  changes  noticed  in 
the  present  volume  are  aa  followa:  An  as- 
tended  dlarusslon  of  the  motor  converter;  a 
•chapter  on  the  leakage  reactance  of  iuduclion 
motors;  aa  analysis  of  the  maKnetlc  field  In 
induction  motors;  diagrams  and  explanatlona 
of  circular  current  loci  and  V-curves  of  syn- 
chronotia  motora;  an  appendix  treating  o(  the 
leakage  reactance  of  Induction  nuitor."  In 
preparing  this  edition  the  author  hua  availed 
himself  of  valuable  anKgeations  solicited  and 
received  from  many  competent  critics,  Includ- 
ing a  number  of  lustructors  who  have  adopted 
the  work  as  a  text  for  their  classea.  Minor 
changes  have  been  made  in  a  number  of 
places  In  order  to  more  thoroughly  clarify  the 
presentation.  Chapter  titles  are:  Single- 
. Phase  and  Polyphase  Circuits;  Outline  of  In- 
duction Motor  Phenomena;  01)served  rerforni- 
ance  of  Induction  Motor;  Induction  Motors  as 
Frequency  Converters;  The  Single-Phase  In- 
duction Motor;  Graphical  Treatment  of  Induc- 
tion Motor  Phenomena;  Induction  Motors  as 
Asynchronous  Oeneratora;  Transformer  Feat- 
ures of  the  Induction  Motor;  Magnetic  Field 
In  Induction  Motors;  Synchronoua  Motors 
and  Converters;  Electromagnetic  Torque;  Sim- 
plified Treatment  of  Single-Phase  Commutator 
Motors;  Motors  of  the  Repulsion  Type  Treated 
Both  Graphically  and  Algebraically;  Motors  of 


the  Series  Type  Treated  Both  Oraphfcally  and 

AlKebraically ;  Prevention  of  Sparking  In  Sin- 
gle-Phase Commutators;  The  Leakage  React- 
ance of  Induction  Motora. 


SANITATIOX  OF  PUBLIC  BUILDINGS.— By 
William  Paul  Gerhard.  M.  Am.  Soc.  M.  E.. 
Consulting  Engineer  for  Hydraulic  and 
Sanitary  Works.  New  York:  John  Wllay  * 
Bona.  London.  England:  Chapman  ft 
Hall,  Ltd.  Cloth;  4%  x  Ins.;  pp.  2<2. 
$1.50;  English  price.  68.  6d.,  net. 

The  author  of  this  work  divides  public  build- 
ings into  three  elasaea,  diatlngulshing  thoaa  har* 
lag  a  permanent  population  at  all  tlmea  of  the 
day  or  night,  auch  as  prisons,  hoapltala,  aay- 
luma  and  homes  for  aged  people;  thoae  having 
a  large  gathering  of  persons  only  during  the 
day,  anch  aa  schools,  courthouses  and  markets; 
and  Anally  thoae  In  which  people  congregate 
for  a  few  hours  only,  either  in  the  day  or  at 
night,  aa,  for  example,  churchea  and  tbaatara. 
Aa  a  reanit  of  thla  claaalHatlon  the  book  la 
naturally  divided  Into  five  chapters.  Chapter 
I  deals  with  Hospital  Sanitation.  Drainage 
and  sewerage  .are  thoroughly  discnsaed  and  all 
features  of  the  care  and  maintenance  of  the 
building  are  adequately  dealt  with.  In  Chap- 
ter II  the  author  treata  of  Theater  Sanitation. 
Prevailing  unsanitary  conditions  in  our  play- 
houses are  spoken  of  and  methods  of  improv- 
ing them  given.  The  ventilation  and  lighting 
problems  are  covered  in  a  way  that  shows  the 
author's  thorough  familiarity  with  his  subject. 
Church  Sanitation  la  the  subject  of  the  third 
chapter  and  the  same  kind  of  problems,  to  a 
larg«  extent,  as  arise  in  the  discussion  of  thea- 
ter sanitation,  are  here  dealt  with.  In  Chapter 
IV  all  the  sanitary  conditions  whi(  ti  s'iiiu;il 
prevail  in  schools  are  fully  considered.  The 
fifth  chapter  is  devoted  to  the  discussion  Of  the 
Sanitary  Features  of  Markets  and  Abattolra. 
This  Work  should  prove  of  great  value  as  a 
guide  to  all  architects  and  builders.  Many 
features,  important  from  a  sanitni-y  stand  point . 
in  which  the  architect  who  design.s  public 
buildings  is  almoHt  habitually  remiss,  are  duly 
emphasized  and  brought  to  the  attention  of 
the  reader.    The  book  should  also  prove  of 
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great  value  to  mayors  and  aldarmen  In  small 
towns  where  the  board  of  health  Is,  as  is  tn- 
quectly  the  case,  either  too  Inefficient  or  too 
poorly  paid  to  give  tho  proper  attention  to  the 
sanitary  features  of  the  schools  or  other  puhlte 
buildings.  The  book  Is  well  written,  and  the 
layman  who  is  interested  la  dvic  aifairs  will 
find  ft  easy  reading  and  not  so  teehnleal  In  !t« 
terminology  as  to  be  tedious — a  frequent  fault 
in  books  of  this  kind.  Both  the  blading  and 
the  t>-pograt>iiy  of  the  book  are  good. 


SPECIFICATIONS  AND  CONTRACTS.— A  Se- 
ries of  Lectures  Delirered  by  J.  A.  L. 
Waddell,  C.  E.,  D.  Sc.,  LL.D.,  Author  of 
'  Do  Poutlbusii,"  etc..  lucludluK  Examples 
for  Practice  in  SpeciQcation  aud  Contract 
Writing;  together  with  '  Notes  on  the 
Law  of  Contracts,"  by  John  C.  Wait,  M. 
C.  B.,  LL.B.,  Author  of  "Bngineerfttg 
and  Architectural  Jurisprudence,"  etc 
New  Torkt  BnglBeerlng  News  Book  De- 
partment, ciotlit  9x4  Ins.;  pp.  vf.  -f 
174.    |1.  net. 

Tbta  book  consists  of  a  series -of  lectures 

on  speciflcatlons  and  contracts  delivered  by 
Dr.  Waddell  before  the  student-bodies  of  two 
engfnoerlttg  scbools,  together  with  an  ai»> 
ppndpd  sortlon  of  notes  on  contract  law  pre- 
pared by  Mr.  Wait.  These  lectures  attracted 
wide  attention  at  the  time  of  their  delivery, 
as.  condensing  Into  small  space  the  essentials 
of  the  subjects  treated,  and  in  a  form  particu- 
larly adapted  to  the  instmctlon  of  atiidenta. 
The  first  lecture  takes  up  the  subject  of  speci- 
fications, the  various  features  of  which  are 
discussed  with  lllttstrattons  drawn  from  the 
lecturer's  experience.  The  student  Is  shown 
what  should  enter  Into  the  specifications,  the 
elfeeta  of  diangea,  careless  phraseology,  the 
Interrelation  of  the  various  parts,  the  duties 
of  the  various  parties,  etc.  Nearly  every  state- 
ment Is  augmented  with  an  apt  extract  from  a 
specification  employed  Rt  some  time  or  other 
by  Dr.  Waddell.  This  lecture  is  supplemented 
by  a  section  containing  forty  set  exereloes  of 
diverse  character,  prlvlnp  datn  tipon  which 
it  la  intended  that  the  student  should  base 
sets  of  specifications  which  he  is  enjoined  to 
prepare  for  practice  in  writing  .«iich  instru- 
ments. Before  attempting  this,  however,  ho 
Is  advised  to  obtain  and  study  one  or  more 
actual  specifications  for  similar  work  as  a 
guide  to  the  proper  preparation  of  hin  own. 
In  the  lecture  on  engineering  contracts  the 
features  of  contracts  are  considered  In  de- 
tail, and  a  number  of  examples  of  contracts 
aro  given.  Including  the  standard  form  In  use 


by  the  lecturer  in  his  engineering  work.  The 
conditions  precedent  for  fourteen  contracts  to 
be  drafted  by  students  are  then  given,  cover- 
ing a  wide  variety  of  subjects.  In  the  aiH 
pendtz  Mr.  Walt  has  dwelt  not  only  upon  the 
legal  features  of  the  various  points  brought 
up  by  Dr.  Waddell  In  his  lectures,  hut  upon 
many  othere  as  well.  The  element  of  lllua- 
tration  and  example  embodied  in  this  book 
will  recommend  it  to  profeaaora  in  technical 
schools,  giving  tm  it  does  the  results  of  the 
extended  experience  of  two  writers  eminent 
respectively  in  the  engineering  and  legal  pro- 
fessions. Practicing  engineers  will  also  de- 
rive vahuible  suggestions  and  much  profitable 
information  from  Its  perusal.  The  publish- 
ers anntmnee  that,  fn  acoordaace  with  the  re- 
quest of  Dr.  \\  addell,  the  price  of  the  work 
has  .been  made  as  low  as  posaible  in  order 
that  It  may  be  within  tile  roach  of  every  en- 
gineering studrat. 


INDUSTRIAL  ALCOHOI..-— The  Productioa 
and  Use  of  Alcohol  for  Industrial  Pur- 
poses and  for  Use  as  an  iliumlnant  aud  as 
a  Source  of  Motive  Power.  By  John 
Cleddes  M'Intosh,  author  of  "The  Tech- 
nology of  Sugar,"  etc.,  Lecturer  on  Manu- 
fiictura  and  AppUeattoas  of  Indnstrlal  Al- 
cohol, etc.  liondont  flcott,  Qreeawood 
4fc  Son.  Now  York:  D.  Van  Nostrand 
Ck».    1*07.    Cloth;  X  84  Ins.;  pp. 

vlii.  +  252;  with  76  lUnstratlciis  and  S6 
Ubies.    13.00,  net. 

For  many  years  maaufactnrm  and  othen 

desiring  to  use  ethyl  alcohol  Industrially  have, 
in  certain  European  countries,  been  able  to  ob- 
tain It  In  an  undrtnkablo  form  free  from  tax. 
After  many  years  of  agitation  we  have  at  last 
obtained  in  this  country  also  a  law  giving  us 
the  use  of  alcohol,  properly  denatured,  tax  free 
for  Industrial  purposes.  In  consequence,  there 
has  sprung  up  a  demand  for  books  relating  to 
the  manufacture  and  uses  of  audi  alcOhol. 
Amonp  these  books  Is  the  one  here  reviewed. 
It  deals  chiefly  with  tbe  methods  of  manufac- 
turing that  article  employed  In  PYanca  and 
Germany,  the  two  countries  moat  prominent 
in  its  production. 

The  first  chapter  deals  with  some  general 
qTiestions  relating  to  alcohol  and  Its  properties, 
and  contains,  among  other  things,  the  usual 
spedflc  gravity,  boltlnfr-potnt  and  contraction 
taMc*?  for  mixtures  of  alcohol  and  water. 

The  second  chapter  takes  up  tbe  matter  of 
fermentation  of  the  raw  matorlate  In  a  general 
way.  and  explains  the  production  of  pure  yeast 
cultures,  tbe  sterilization  of  air  and  of  liquids, 
and  continuous  fermentation. 
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Chapter  III.  Is  devoted  to  the  manufacture 
of  industrial  alcohol  from  beets.  Details  of 
the  various  methods  of  conducting  operations 
most  successfully  are  presented,  with  some 
illustrations,  including  valuation  of  beets  for 
distillery  purposes,  washing,  slicing,  extrac- 
tion, both  hf  maceration  and  by  diffusion,  fer- 
mentation, aseptic  and  otherwise,  and  distil- 
lation apparatus.  A  large  French  plant  Is  de- 
icrlbed  and  illustrated. 

The  fourth  chapter  deals  with  the  manufac- 
ture of  Industrial  alcohol  from  grain.  The  vari- 
ous operatiooB  and  methods  of  storing  grain, 
of  malting,  saccharifying  and  wtftf^'pg  da- 
ierllMd  and  lUnttrated. 

The  manufacture  of  industrial  alcohol  from 
potatoes  is  rather  briefly  considered  in  Chap- 
ter V.  Here  the  Qennan  exdie  regulations  and 
iMtlioda  nve  described. 

In  Chapter  VI.  the  manufacture  of  Industrial 
alcohol  from  waste  fruit,  spoilt  wine  and  wine 
mare  fa  dieeuaeed.  Thla  diapter  la  for  AmU' 
lean  farmers  a  very  Important  one,  because 
eventually  all  sorts  of  waste  and  spoilt  fruits, 
ate.,  will  1>e  iitlllaed  for  making  taidnafarlal  aleo- 
hoi.  Some  pits  into  which  a  novice  may  fall 
are  pointed  out  and  remedies  suggested.  SeT- 
end  plamto,  botk  large  aad  email,  for  reovver- 
ing  alcohol  from  tbeae  waatea,  are  flgured  and 
described. 

Ona  of  tlw  raw  matarfala  firam  tvlildi  a  large 

quantity  of  cheap  undrlnkable  alcohol  is  ex- 
pected to  be  obtained  is  molasses,  some  varie- 
ties of  which  are  now  entiraljr  usrtfen.  Chaptar 
viT.  deals  wltb  matboda  aad  appMratva  aitltad 

to  this  source. 

Chapter  VIII.  .which  1111a  oae^varter  of  the 

book,  treats  In  detail  of  the  plant  for  distilling 
and  rectifying  industrial  alcohol.  Many  types 
of  stills  and  stlll-heada,  and  aceeaaory  appar^ 

atuH,  are  thoroughly  discussed,  the  good  and 
bad  points  of  each  being  pointed  out. 

Chapters  IX.  and  X.  deal  with  the  manu- 
facture of  alcoholic  derivatirea  and  the  maaa- 

facturlng  uses  of  alcohol. 

Chapter  XI.  treats  very  briefly  of  the  uses 
of  alcohol  for  lighting,  heating  aad  motlTa 
power.  Some  lamps  and  beaten  are  flgnred. 
A  good  index  closes  the  work. 

This  book  will  certainly  be  of  great  vaa  la 
pointing  out  the  successful  processes  In  tiBe 
abroad,  and  will,  therefore,  serve  a  highly  im- 
portant role  In  the  devdopment  of  American 
Industrial  alcohol. 

The  type  and  illustrations  are  clear,  and  the 
paper  and  binding  are  good. 


HYDRAULICS. — By  S.  Dunkerley,  D.Sc,  M. 
Inst.,  C.  E.,  Professor  of  Civil  and  Ue- 
chanical  Kngineoring  in  the  University  of 
Manchester.  New  York:  Longmans,  Green 
&  Co.  Cloth;  Svo.  Vol.  I.,  Hydraulic 
Machinery;  pp.  vUt  +  843.  lUnatrated. 
$3.  Vol.  n.,  The  Resistance  aad  Propal> 
slon  of  Ships  (In  press). 

This  work  treats  of  the  subjects  of  bydraul- 
lea  and  hydranllc  machinery  and  was  written 

for  u  fj  in  universities  and  the  Brllifih  Navy 
and  for  those  engaged  in  the  design  of  hy- 
dranllc appamtas.  A  second  Tolvme  will  con- 
sider the  resistance  and  propulsion  of  ships. 
Chapter  I.  takes  up  the  theory  of  flow  of  a 
perfect  fluid  nnder  pressure  or  head;  among 
(he  subjects  discussed  are  Brrnoullli's  equa- 
tion, the  Venturl  meter,  coefficients  of  dis- 
charge for  Tarioua  openings  and  ortfloee. 
V-notches  and  other  forms  of  issuing  Jets. 
Chapter  II.  discusses  fluid  friction*  giving  the 
qnantltatlve  expression  for  leas  of  head, 
Darcy's  formula  for  the  friction  coefllcient  in 
cast-iron  pipes,  the  line  of  virtual  slope,  traus- 
mlaalon  of  power,  horae-power.  types  of  Brit- 
ish and  continental  water  meters,  resistance 
of  bends  and  elbows,  and  the  effect  of  the  angle 
of  divergence  on  losa.  Chapter  III.  la  devoted 
to  hydraulic  pressure  machines;  the  relative 
advantages  of  using  steam  and  water  are  set 
forth  and  deaeriptlons  are  given  of  accumn- 
lators,  intensifying  apparatus,  differential  ac- 
cumulators, and  methods  of  hydraulic  riveting. 
Detalla  are  also  given  of  the  hydraulic  gun 
brake  as  applied  In  the  ^hlrn  of  the  British 
Navy,  and  of  the  Blffei  Tuwer  elevator,  the  op- 
eration of  botkhead  doors,  an  S.OOO^on  hy- 
draulic pres.s  and  hydraulic  engines  and 
cranes.  Chapter  IV.  is  given  up  to  reciprocat- 
ing pumpo  and  treats  of  bncfcet  pumpe.  single 
and  double-acting  plunger  pumps,  slip,  the 
effect  of  air  chambers,  hydraulic  governors, 
hydraulic  rams,  the  Reldler  pump.  Worthing- 
ton  high-duty  pumps  and  the  Gutermuth  valve. 
Chapter  V.  deals  with  water  turbines,  giving 
the  theoretical  oonalderatlona  Involved  fn  their 
design  and  operation  and  supplcmcntln.q:  this 
by  descriptions  of  a  number  of  European  tur- 
Unea,  Including  Prof.  Oaboma'a  four-atage  tur- 
bine. Chapter  VI.  treats  of  centrifugal  pumps 
and  Reynolds'  hydraulic  brake.  The  closing 
chapter  la  devoted  to  a  deserlpthm  of  the  ex- 
perimental Investigations  of  Prof.  Osborne 
for  determining  whether  the  motion  of  water 
should  be  direct  or  ainuona.  and  of  the  law  of 
resistance  In  parallel  channels,  as  well  as  his 
work  In  connection  with  the  theory  of  lubrica- 
tion.  Stxty-afx  problema  are  given  In  an  ap- 
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pendlx.  Thf»  tlr-talls  of  Prof.  O-bornc'p  re- 
aearthes  and  the  deBcrlptiona  ot  certain  appa- 
ratus before-mentioned  make  the  worfe  a  de- 
sirable addition  to  recent  hydraulic  literature. 
Some  mispelllags  of  proper  nouns  will  doubt- 
toes  be  corrected  In  future  prtntlngs. 


TABLES. — By  Edward  Godfrey,  Strurtiiral 
Engineer  for  Robert  W.  Hunt  &  Co. 
Second  Edition,  revised  and  enlarged. 
PUtSburg.  Pa:  The  Author.  Flexible 
morocco;  4x6^  Ins.;  pp,  218;  with 
manjr  Illustrations.  12.50  (In  elube  of 
5.  12  each). 

This  is  the  second  edition  of  a  couclse  band- 
book,  contatninir  In  convenient  form  thoee 

tablps,  formulas,  and  data  of  r-veryday  n: 
desisners,  computers  and  draftsmen  engaged 
In  atruetura)  steel  work.  Tables  giving  the 
propprtlpg  of  the  various  Carnegie  strpl  sor- 
tions  are  reproduced  with  the  consent  of  the 
company.  Two  pases  are  given  up  to  tables 
for  qtilckly  calculating  the  w 't^'h'r  and  areas 
of  angles.  Eight  pages  are  dttvuted  to  for- 
mulas for  bending  moments,  and  deflections 
of  boams  and  girders,  tables  of  working 
stresses,  weights  of  substances,  and  miscella- 
neous formulas  for  corrugated  sheets,  cylin- 
ders and  spheres,  brake  bands,  springs,  flat 
plates  and  ringa.  This  matter  is  concisely 
stated  and  some  of  It  Is  not  otherwise  readily 
aicessible.  A  tabic  Is  plven  for  expedftinK 
calculations  of  the  moment  of  inertia  of  built- 
up  symmetrica)  sections.  About  a  doien  pages 
are  given  up  to  diagrams  and  formulas  for  cal- 
culating stresses  in  root  trusses.  These  are 
almost  entirely  new,  and  their  use  avoids  the 
confusion  hutdent  to  calculations  involving 
angles  and  their  functions.  Tables  of  load- 
ings occupy  ten  pages  and  are  intended  to  fa* 
cllitate  the  computation  of  bonding  moments 
and  weights  of  girders.  Twenty-four  pages 
are  devoted  to  tables  of  angles.  Z-bars  and 
built  Hci  tlons,  and  are  so  arranged  that  values 
for  intermediate  sizes  may  be  obtained  by 
Interpolation.  Thirty-eight  pages  are  filled  with 
line  drawings  of  typiral  details  of  steel,  rein- 
forced concrete  and  masonry  constructions, 
which  are  for  the  purpose  ot  placing  before 
!h"  I'.sor  of  the  bonk  examples  nf  approved 
modern  practice.  The  usual  tables  of  squares, 
cnbes,  sQuare  roots,  etc.,  are  Included,  to- 
gether with  many  others  whfrh  it  is  not  pop- 
sible  to  enumerate  in  this  notice.  The  author 
Is  an  engineer  with  something  like  16  years' 
exp'  iltnif  ill  structurnl  d'^^lsjning,  and  ho  has 
gathered  Into  small  compass  and  convenient 
form  a  large  amount  ot  necessary  data  that 


has  »ii'''*  rto  been  obtainable  only  by  ronsnltlnp 
a  uumtu  r  of  separate  reference  worljs.  Many 
original  tables  are  also  Included,  which  have 

been  prepared  for  the  purpose  of  facilitating 
various  cumpuiaiiuus  ot  frequent  occurrence. 


ENGINE-ROOM  CHEMISTRY. —  A  Compend 
for  the  Engineer  and  Engineman.  By 
Augustus  H.  Gill,  S.  B.,  Ph.D.,  Associate 
Professor  of  Technical  Analysis  at  the 
Massachusetts  Institute  of  Technology. 
Boston.  Mass.  Published  serially  In 
"Power."  First  Edition.  New  York: 
Hill  Publlishlng  Co.     Cloth;  7  Ins.; 

pp.  12  tables  and  47  flgnres  iin  the 

text.  fl. 

The  ubjeet  of  thla  little  work  is  to  give  the 
engineman  a  sutbcient  Itnowiedge  ol  the  prin- 
ciples and  practice  governing  the  analysis  of 
fuels,  gases  and  water  to  enable  hlni  to  niak»i 
8uch  tests  as  are  necessary  to  obtain  the  high- 
est efneleney  possible  In  the  operation  of  his 

boiler. 

The  book  is  uoL  iuteuded  to  appeal  to  lliu 
chemist  or  technical  man.  It  is  too  element- 
ary to  do  this.  Ou  the  other  baud.  It  is  hardly 
practical  to  give  the  uneducated  man  a  volume 
which,  in  one  hundred  pages,  tries  to  give  hini 
sfifRcicnt  knowledge  to  enable  hlni  to  under- 
take analyses  which  the  btudeut  of  chemistry 
never  performs  until  he  has  studied  the  fund- 
amental principles  on  which  Buch  analysis  is 
based,  for  at  least  a  year  or  a  year  and  a  half. 
It  la  not  possible  for  the  average  man  to  do 
such  work  on  a  basis  of  sudi  theoretical 
Iinowledgc  as  may  be  gained  ironi  the  book. 
If,  however,  it  will  stimulate  the  man  behind 
the  engine  to  study  the  principles  involved  in 
its  operation  a  great  deal  will  have  been  ac- 
complished by  the  author. 

The  first  two  chapters  are  Introductory  and 
contain  a  discussion  of  some  of  the  elementary 
chemical  principles  and  a  description  of  appa- 
ratus. The  third  chapter  defines  and  des(  rilies 
various  fuels  and  descrlbos  methods  used  iu 
analysis.  The  regulation  of  combustion  and 
analysis  of  gases  are  dealt  w^ifb  in  the  fourth 
chapter,  and  a  description  of  various  types  of 
automatic  apparatus  is  here  given.  The  tu  xt 
three  chapters  are  probably  the  most  valuable 
in  the  book  and  contain  considerable  informa- 
tion which  will  be  ot  value  to  the  engineman. 
Water,  boiler  scale  and  its  prevention,  pitting 
and  corrosion,  and  the  various  lubricants  and 
the  methods  to  be  followed  in  their  selection 
are  discussed  in  a  fairly  full  and  decidedly 
helpful  manner.  An  appendix  contains  va- 
rious tables  which  give  such  facts  as  the  melt* 
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Ing  points  of  salts  mid  iiit-tals,  the  rolatlon  of 
the  Fahreubeti  aad  Ceutitsrade  ttcalea,  and  the 
weiKius  per  gallon  and  spedflc  gravltr  of  oer- 
tala  oils.  , 


THE  MECHANICAL  SNOINBBR'S  REFER- 

ENTE  BOOK  — A  Haod-Book  of  Tables, 
Formulas,  and  Methods  for  Engineers, 
Students,  and  Draftsmen.  By  Henry  Har- 
rison Suplee,  B.  Sc.,  M.  E..  M  Am.  Soc. 
M.  B.  Third  Edition,  revised  and  en- 
larged. Philadelphia  and  l.^adon :  J. 
B.  Llpplncott  Company.  Flexible  mo- 
rocco; 4x6%  ins.;  pp.  xil  +  922;  with 
over  400  Illustrations  in  the  text.  |5, 
net;  with  'bnmb  index,  |5.50. 

This  handbook-  of  mechanical  engineering 
iDformatlon,  com^led  by  tlie  editor  of  "Cai- 
sler's  Magazine,"  has  passed  through  two  edi- 
tions, and  now  appears  in  its  third,  revised 
and  milarged  hy  tho  addition  of  more  than  100 
paCOl  of  new  matter.  Over  one-quarter  of  the 
book  1b  devoted  to  mathematics  and  mathemat- 
ical tablea,  tbe  preaentatlon  being  by  bur  the 
most  complete  given  in  any  almllar  hand-book 
printed  la  English.  In  the  present  edition 
these  tables  have  been  extended,  and  the  added 
matter  on  oth^r  «tiMects  includes  data  on  ball 
bearings,  machine  elements,  fuel  tests,  steam 
tnrbiaes  and  electrical  lnstallaU<m«.  The 
book  contains  the  A.  S.  M.  E.  codes  for  the 
testing  of  steam  and  gas  engines,  the  uniform 
spedteatlona  adopted  by  tbe  American  Boiler 
Manufacturers'  Association,  and  the  National 
Electrical  Code.  Many  tables  for  the  conver- 
sion of  Bncllsh  Into  nelrle  wel^kta  and  ateas- 
nres  are  given,  and  one  feature  of  value  is  a 
table  of  tbe  properties  of  steam  in  metric  units. 
A  yery  complete  indsK  of  44  pages  is  ftppsaded, 
oomprtslng  aone  4*000  entries. 


ELECTRO  A.\  A  LYSIS-  Oy  Edgar  F.  Smith, 
I^rofessor  of  Chemistry,  University  of 
PenasylvaDla.  Fourth  Edition,  revised 
and  enlarged.  Philadelphia:  P.  Blaki- 
ston's  Son  &  Co.  Leather;  6^  x  7^ 
Ins.:  pp.  Tlii  +  336;  Illustrated  with  42 
text  flpTtirea.     |2.50,  net. 

In  preparing  the  fourth  edition  of  this  ex- 
«elfont  work  fttr  the  press,  the  author  found 

I*  advisable  to  omit  considerable  matter  which 
was  of  purely  historical  value.  The  book 
loses  nothing  by  this  and  the  addition  of  new 
and  excellent  material  .^ervo5^  to  bring  it  paral- 
lel with  the  latest  advances  in  electro-chem- 
istry. The  book  Is  divided  Into  two  parts. 
The  first  contain<5  nonBiderable  matter  nn  the 
sources  of  the  electric  current,  methods  for 
reducing  nnd  measuring  It.   The  history  of 


I  !ei  ti  (  -(jhemisLr\  ia  briefly  reviewed  and  new 
rnuteriul  ou  the  rapid  piecipUaliou  of  metals 
and  the  use  of  the  mercury  cathode  is  here 
introduced.  In  tills  seotlou  the  author  also 
euubiders  the  theorelitul  slae  of  the  subject 
with  whi(h  he  is  dealing.  This  chapter  on 
"Theoretical  Considerations"  is  probably  the 
weakest  feature  of  a  sironK  book.  Nine  pages 
&re  hardly  sufflclent  for  the  discussion  of  a 
most  Important  and  Indispensable  part  of  the 
subject.  However,  the  author  has  cuudonsed 
a  great  deal  of  value  In  these  nine  pages  and 
the  student  who  wishes  to  so  more  deeply  Into 
the  matter  is  given  many  references  on  the 
subject.  The  second  part  of  the  book  Is  de- 
\oted  to  the  description  of  the  methods  used 
In  electro-aaalytlcal  work.  Tbe  ground  is  well 
and  thoroughly  covered  and  the  exact  details 
of  laboratory  practice  are  given.  They  are 
given,  furthermore,  in  just  tbe  way  tliat  the 
chemist  likes.  Clear,  definite  and  brief,  they 
v;o  to  make  up  the  most  valuable  part  of  a 
book  that  is  bound  to  win  new  friends  among 
the  profession  In  which  It  was  already  firmly 
established. 


MATHEMATICAL  HANDBOOK. --Containing 
the  Chief  Formulas  of  Algebra,  Trigonoiu- 
etry.  Circular  and  Hyperbolic  Functions, 
Oltterenttal  and  Integral  Calcttlus,  and 
Analytical  Geometry,  together  with 
Mathematical  Tables.  Selected  and  Ar- 
ranged by  Edwin  P.  Seaver.  A.  M..  LiL.B., 
formerly  Assistant  Professor  of  Mathe- 
matics in  Harvard  University.  New  York: 
McGraw  PublishinK  Co.  Cloth;  6  X 
ins.;  pp.  279.  92.50. 

This  reference  manual,  aiming  as  It  does  to 

give  the  reader  In  concrete  form,  the  results 
of  mathematical  work  in  the  various  fields  ot 
algebra,  trigonometry,  hyperbolic  functions, 
differential  and  Integral  calculus,  and  analytic 
geometry,  will  find  a  wide  use  among  engineers 
and  mathematicians.  Almoet  every  variety  of 
mathematical  problem  presentlnR  itself  to  the 
man  engaged  in  engineering  practice  can  be 
solved  by  tbe  use  ot  this  work.  Besides  this 
useful  collection  of  matbemutical  formulas, 
the  book  contains  an  excellent  collection  of 
tables,  which  add  greatly  to  Its  value.  A  list 
of  t1ie.'5e  tables  follows:  Square,  cubes,  square 
and  cube  roots,  cube  roots  ot  squares  and  re- 
ciprocals ot  numbers  from  1  to  1,000;  five- 
place  logarithms  of  numbers  from  1  to  10,000; 
binomial  cocfflcieuta  and  factorial  products, 
both  up  to  20;  natural  logarithms  ot  numbers' 
fioin  1  to  3,000;  thre,>-phu:o  trigononietrie  or 
circular  functions  by  degrees;  five-ptace  tables 
Ot  trlgonometrle  functions  by  10  minutes;  five- 
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place  logtii  ithiiis  of  trigotionietric  fnntnons  by 
10  minutes;  four-place  values  of  circular  and 
solid  angles/ clrcnnifereneeB  and  area*  of  etr^ 
cles  and  volumes  of  spheres  for  values  froDi  1 
to  200;  dimeuBions  of  circular  segments  for 
central  angles  from  1*  to  180*:  natural  Talase 
and  connuon  logarithms  of  hyporbollr-  sines, 
cosines  and  tangents;  and  tables  of  weights 
and  measnres.  of  the  valne  of  gravity  tn  ▼art- 
ourt  placeM,  and  of  the  velocUy,  v,  In  the  for- 
mula V  V2gh,  (or  values  of  b  of  from  1  to 
6.000. 


FLYING  -MACHINES. — Past,  Prtseiit  and  Fu- 
ture.— A  Popular  Account  of  Flying  Ma- 
chines,   Dirigible    Balloons    and  Aero- 
planes.   By  Alfred  W.  Marshall,  M.  I.  .M. 
E..  and  Henry  Greenly.  New  York:  Spon  & 
Chamberlain;  London:  E.  &  P.  Spon,  Ltd. 
Paper:  B'X  7Mi  Ina.;  pp.  128;  iUaetrated. 
Price  50  oenta. 
Thlb;  intfrfsting  little  volmnc  it;  inteuded  as 
a  popular  exposition  of  the  subject  with  which 
It  doals.   Any  reader,  bowever,  who  nay  have 

a  serious  Intention  of  doing  i-xperiniental  work 
In  the  field  of  aeronautic  navigation,  will  find 
In  tbe  pages  of  this  book  material  whleh  would 
be  of  undoubted  assistance  to  him.  A  work 
of  this  character,  which  is  largely  a  record  of 
experimental  achievement,  cannot,  of  coarse. 

contain  (omi)le(e  statements  of  the  work  of 
every  investigator.  Adequate  summaries  of 
the  work  of  practically  all  the  leading  men 

who  have  accnnipllshed  anything  worthy  of 
note  in  this  field,  are  given  and  frequent  refer- 
ences to  more  detailed  aoconnts  are  made  for 
the  btnoflt  of  those  who  wish  to  study  the  sub- 
ject in  greater  detail.  The  book  is  divided 
Into  Ave  diapters.  Chapter  I.  contains  a  dis- 
cussion of  the  prlnriples  upon  which  various 
experimenters  have  attacked  the  problem. 
Chapter  II.  treats  of  dfrlgible  balloons  and 
summarizes  the  work  of  (hose  whose  work  has 
brought  them  to  the  foro  in  aeronautic  naviga- 
tion. Chief  among  these  are,  of  course,  the 
airships  of  Santos-Dumont  and  Henri  Deutsch. 
The  Walter  Wellman  dirigible  balloon  is  also 
discussed.  Chapter  III.  discusses  tmo  flying 
machines  of  the  heavier  than  air  type  and  the 
work  of  Archdeacon.  Santos-Dumont,  Lang- 
ley,  the  Wright  brothers  and  other  esperlment- 
tra  is  given  In  Interesting  foim.  chapter  IV. 
contalntj  a  short  discasaioA  on  the  art  of  fly- 
ing, giving  the  advice  of  Ltllentbal  and  Ptlcber 
to  e.\perimentor8.  Chapter  \'  Ib  devoted  to 
the  fiyiw  machines  of  the  future  and  in  it  the 
authors  touch  briefly  on  what  may  be  ez* 
pec  ted  of  future  experiments  Of  the  field  of 
aerial  navigation. 


THE    MOTORMAN    AND    HIS  DUTIES. — 
Handbook  of  the  Theory  and  Practice  of 
Electric  Railway  Operation.    By  Ludwlg 
Gutman,  Consulting  Electrical  Engineer, 
Sixth  Edition.    Revised  and  eulurged  by 
Lawrence  E.  Gould,  Editor  of  the  Electric 
Railway     Review.    Chicago,     111.:  The 
Wilson  Company.    Cloth;  5x7  Ins.;  pp. 
19$;  illustrated  with  138  text  illustrations 
and  3  large  inserts  of  car  wiring  dia- 
grams.   11.50,  net. 
"The  Motorman  and  His  Duties"  alms  to 
outline  In  a  simple  way  the  fundamental  prin- 
ciples underlying  the  operation  of  an  eleetrle 
railway  car,  and  to  explain  to  those  who  have 
not  had  the  advantages  of  a  technical  educa- 
tion the  relation  between  the  power  station 
distribution    circuits   and   the   car   Itself.  It 
avoids  mathematical  discussions  and  technical 
langoags  and  is  written  for  the  employee  of 
the  electric  railroad  who  does  not  thoroughly 
understand  the  principles  connected  with  the 
operation  of  the  maeblnery  with  which  he  has 
to  do.    In  the  first  three  chapters  the  roadtied 
and  rolling  stock  of  an  electric  railway  are 
described,  the  essential  principles  of  the  eleo> 
trie  motor  discussed,  and  the  generation  and 
distribution  of  the  electric  current  outlined. 
Chapter  IV.  treats  of  the  conductor  and  the 
use  of  tranBmls.slon  llnc'.';.     In  Chapfrr  V.  the 
author  deals  with  the  constructional  details  of 
eteetrlc  railway  motors.  Car  wiring  and  parts, 
fuses,  lightning  arresters  and  wiring  circuits 
are  introduced  In  the  following  chapter.  The 
next  three  diapters  are  devoted  to  a  descrip- 
tion and  dIscnBsion  of  the  various  fyppF  of 
standard  controllers.    Chapter  X.  deals  with 
brakes  and  their  operation  and  tlie  ooadudins 
chapter  comprises  methods  of  operation  to  be 
used  to  prevent  and  remedy  troubles.  That 
the  alnoi  of  the  volume  has  been  accomplished 
may  be  fairly  well  judged  by  the  fact  thnt  In 
nine  years  six  editions  of  the  work  have  ap- 
peared.  This  edition  is  considerably  enlarged 
and  hn<;  been  thoroughly  revlaed  and  brought 

u[)  to  (late. 


TAUI.K.S  Ol  QUANTITIES  FOlt  PiiELIMiN- 
AKY  KSTIMATES. — By  E.  F.  Hauch  and 
P.  D.  Rice.  New  York:  John  Wiley  & 
Sods.  Loudon.  England:  Chapman  & 
Hall,  Ltd.  Cloth;  4  x  Ins.;  pp.  92; 
5  figures  In  the  text.  $1.26;  English 
price,  's.  Cd,,  net. 

This  little  book  contains  very  useful  tables 

tor  calculating  the  volume  of  an  embankment 

The  tables  have  been  computed  according  to 
the  prismoid  formula,  and  give  station  yard- 
ages to  the  nearest  cubic  yard  for  roadway 

widths  from  12  to  3i>  ft.  with  sid**  elopes  vary- 
ing from  ^:i  to  1^:1,  and  center  heights 
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varying  by  1  ft.  from  1  to  50  ft.  Tables  of 
toe  slopes,  cubic  yards  from  the  sum  of  end 
ar«M  where  the  aectlou  length  ia  100  ft., 
diafna  T«dQeed  to  feet,  and  fractions  of  an  inch 
reduced  to  decimals  of  an  inch,  and  acreage  for 
right-of-way  100  ft.  wide  are  also  given.  The 
railway  surveyor  will  ftnd  the  Tolnme  of  use 
when  making  preliminary  estimates  according 
to  the  method  employed  by  the  authora. 


tares.  A  copy  will  ha  fwwaTded  promptly  to 
anfona  upon  raeafpt  of  a  poatal  card  requeat. 


NBW  BOOKS. 


TOOL  MAKING  — A  Manual  of  Practical  la- 
atmction  in  the  Art  of  Making  Tools, 
with  Many  Hints  on  the  Solution  uf  Prob- 
lems Calling  for  Ingenuity  and  Mechan- 
ical Skill  In  the  Xtorlalng  of  Spedal  Heana 
to  Special  Snda.  By  Bdward  R.  Mark- 
bam,  11.  A.  S.  H.  B.»  Conaulting  Engineer; 
Author  of  "The  American  Steel  Worker;" 
Instructor  In  Machine  Shop  Work.  Har- 
vard University.  Chicago:  The  Ameri- 
can School  ot  Correspondence.  Cloth, 
«^  X  <)i  ini.;  pp.  a06;  S27  ttlaatrattona. 
11.50. 

This  Is  another  of  the  series  of  praetln.1 

baud  books  issued  by  The  Amerirau  School  of 

Correspondence — referred  to  last  month  in  this 
department.    The  flrat  chapter  discusses  the 

general  princlides  ot  toolmaklng.  including  pre- 
cise and  approximate  measurements,  special 
tools  and  materials,  tool  steel,  annealing,  hard- 

eniiiK,    ca:?e-liar<lenlng,    tempering,    etc.  The 

second  chapter  is  devoted  to  the  production  of 
the  Tsrlous  forms  of  drills,  arbors,  reamers 

and  taps.  In  the  third  chapter  threading  dies, 
counterbores,  hollow  mills  and  the  many  forms 
or  milling  cutters  are  considered.  The  flnat 
section  treats  of  jigs,  bushing.'^,  luiuch  and  die 
work,  gages  and  gagemaking,  etc.  The  book 
la  well  Illustrated,  and  should  prove  of  vatue 
to  young  machinists  who  are  de.sirous  of  ad- 
vancing in  their  chosen  work,  and  to  drafts- 
men, who  win  find  It  ratremely  useful  In  giving 
them  information  on  methods  n.s(><l  in  the  pro- 
duction of  machine  parts  in  quantities,  thus 
enabllnc  them  to  conform  their  dasigna  to  the 
practice  of  the  riiop. 


Messrs.  Spon  &  Cliamlierlain,  iMiblishers,  im- 
porters and  booksellers,  at  123-123  Liberty 
St.,  New  York,  have  Just  Issued,  under  date  of 
Dec.  1,  a  new  descriptive  catalogue  of  books. 
Including  In  addition  to  their  own  publica- 
tions. tho?o  of  Mesprs,  E.  &  F.  X.  Spon,  Ltd., 
and  Percival  Marshall  &  Co.,  o£  London,  for 
Whom  .they  are  the  American  agents.  This 
catalogue  comprises  200  pagpfi  and  lists  about 
500  works,  distributed  ov^r  home  'ibii  subjects 
relating  to  the  various  branches  of  engineer^ 
tag,  the  industrial  arts,  tradea  and  manufko- 


SPECTRUIM  ANALYSIS.— By  John  Laudaiu  r, 
LL.D.,  iMember  of  the  Imperial  German 
Academy  of  Xaiuralists.  Authorized 
English  Edition  by  J.  Bishop  Tingle, 
Ph.D.,  F.  C.  S,,  Professor  of  Chemistry 
in  the  McMaster  University,  Toronto. 
Second  Edition,  rewritten.  Cloth;  6x9 
ins.:  pp.  X  i-  236;  49  illuatrationa  In  the 
text  «S. 

Civil  Eaginaeilitg. 

KAMDBUCK  FIRSB  EISENBBTONBAU.— Bd- 
Ited  by  P.  ron  Emperger.    Vol.  11.:  The 

Material  and  Its  Manipulation.  Pre- 
pared by  K.  Memmler,  H.  Burchartz,  H. 
Albrecht,  R.  .lanesch,  O.  Kappold,  A. 
Nowak.  Herliij,  (Germany:  Wilhelm 
Ernst  &  Sohn.  Paper;  7 '4  •  Ins.; 
pp.  243;  420  text  illustrations  and  1 
folding  plate.  12  marks;  American  prioa, 
II.  so. 

HIGHWAY  COX.STRUCTION.— A  Practical 
Guide  In  Modern  Methods  of  Roadliuild- 
ing  and  Devtdopmt  iu  of  Better  Ways  of 
Communication.  Hy  Austin  T.  Byrne, 
Author  of  "Highway  Construction,"  "Ma- 
terials and  Workmanship,"  and  Alfred  B. 
Phillips,  Ph.  D.,  Professor  of  Civil  En- 
gineering, Armour  Institute  of  Technol- 
ogy. Chicago,  111.:  American  School  ot 
Correspondence.  Cloth;  6)&  x  9%  tna.: 
pp.  lS6j  79  UluatraUona  in  the  text  and 
2  plates.  11. 

TESTS  OF  REIXFOltCED  CONCRETE 
BEAMS. — Series  of  IMOS.  By  Arthur  N. 
Talbot.  Professor  Mutilcipal  ami  Sanitary 
Engineering  and  in  Charge  of  Theoretical 
and  Applied  Mechanics.  Urbana,  III.: 
University  of  Illinois  Bulletin  No.  14; 
paper;  6x9  Ins.;  pp.  86;  Illustrated. 

THE  HARDENING  PROCESS  OF  HYDRAU- 
LIC CEMENTS.— By  Dr.  W.  Michaeils, 
Sr.  A  Paper  Read  at  the  Thirtieth  An- 
nual Meeting  of  the  ticrman  Portland 
Cement  Manufacturers'  Association,  at 
Berlin^  Feb.  21,  1903.  Translated  by 
Dr.  W.  Hlehablls.  Jr.  Chicago:  Cement 
and  Engineering  News.  Paper;  6!4  X 
7%  Ins,;  pp.  29.    50  cents. 

THE  PRACTICAL  DESKIX  OF  IRRIGATION 
W0RK8.— By  W.  G.  Bllgh.  M.  Inst.  C. 
B.,  Executive  Engineer  Indian  P.  W.  De- 
partment (Retired).  New  York:  D.  Van 
Nostrand  Co.  Cloth;  9%  x  10^  Ins.; 
pp.  390;  249  illuatrattoos,  mostly  In  the 
text.    16,  net. 

Bleetrtcal  Engineering. 

A  POCKET-BOOK  OF  EI.KCTRIC  LICHITING 
AND  HEATING. — Comprising  Us.  fu!  For- 
mnlaa.  Tnhles,  Data,  and  Particulars  of 
Apparatus  and  Appliances,  for  the  Use  of 
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Central  SUitloii  ^:I)^'ill"Hr^ ,  Contractors, 
and  Engiut't'rs>-iii-Cliam('  By  Sydney  F. 
Walker.  R.  N.,  M.  Inst.  E.  K.,  M  ln^^l  M. 
E..  Assoc.  M.  Jnst.  C.  E.,  eir,  New  Vork: 
The  Norman  W.  Hetiloy  PnbllHhlng  Co. 
Leather;  4x6^  1&8.;  pp.  xxvlli.  -«•  438; 
272  iHut-tratloiia  in  tbe  text  and  146 

A  TRXT  nnoK  OF  ELECTRICAL  ENGI- 
iNKKltiAti— Translated  ftuin  the  Ger- 
man of  Dr.  Adolf  Thomalen  by  George 
W.  O.  Howe,  Assoc.  M.  Inst.  E.  E.,  Lec- 
turt-r  iu  Electrical  Engiiu'eriiiK  at  the 
Central  Technical  College,  South  Ken- 
sington. N't^v  York:  Longmans.  GrePn  & 
Co.  London,  Knglund:  Edward  Arnold. 
Cloth:  6  X  10  ln.s.,  pp.  456;  454  Illustra- 
tions in  the  text.    |1.20,  net. 

BLBCTRICAL  TRACTION.— Br  Bneat  WU- 
aon,  H.  Inst.  B.  E.,  Professor  of  Btectrlcal 
flnslneerlng  in  the  Siemens  LaborBtor]r« 

Xlng's  College,  London,  and  Francis  Ly- 
dnll,  Assoc.  Inst.  E.  E.  In  two  volumes. 
New  York:  Ivongmans.  Green  &  Co.  Lon- 
don. England:  Edward  Arnold.  Cloth; 
&Vi  X         Ins.    $4,  net  (each  volume). 

Vol.  I.:  Direct  Current  I'li.  4  75;  871  lUtts- 
tratlons,  mostly  in  the  text. 

Vol.  II.:  Alternating  Current.  Pp.  388;  184 
illustrations,  mostly  In  the  text. 

STANDARD  HANDBOOK  FOR  ELECTRICAL 
ENGINEERS. — Written  and  compiled  by 
a  staff  of  Specialists.  First  edition,  190A. 
N«w  York:  McOraw  Publishing  Co.  Flex* 
Ible  moroeeo:  4)6  x  Ins.;  pp.  xx  4- 
1,888:  1,871  llhMtmtioas  In  the  text,  with 
InnumemUe  tables.  14.  net. 

Oas  Maanfacture. 

THS  CHEMISTRY  OK  r.AS  M.A.M  FACTURE. 
— A  Practical  Manual  for  the  Use  of  Gas 
Engineers,  Gas  ^lanapiTs  and  Students. 
By  Harold  M.  Royle.  F.  C.  S..  Chief  Chem- 
ical AsHistant  at  the  Beckton  Gas  Works. 
New  York:  Tbe  Norman  W.  Henley  Pub- 
lishing Co.  London.  England:  Crosby 
Lockwood  &  Son.  Cloth:  5^x8%  Ins.: 
pp.  32S;  1  plate  and  82  text  illustrations. 
14.60. 

Mechanical  Bngiaeerlng. 

CARBimETTXC  AXD  rOMnt'STIOX*  IN  AL- 
COHOL EXC.IXF.S  By  Kmest  Sorel. 
Translated  from  thu  Ficiuh  t»y  Sherman 
M.  Wonrtwartl.  lonntiiy  Professor  of 
Steam  Fn^im-.-rin^;,  State  University  of 
Iowa,  and  John  Preston.  New  York: 
John  Wllev  &  Sons.  London  EnRland: 
Chapman  ft  Hall,  Ltd,  Cloth;  &  x  8\4 
ins.:  pp.  269;  26  Illustrations  in  the  text. 
13;  BngUsh  price,  128.,  6<1.,  net. 


HOW  TO  I  SE  WATER  POWER.  -  By  Herbert 
Chatley,  B..  Sc.  (Engineering),  I^ecturer 
in  civil  KiiKlntt  rinf;  and  Applied  Mechan- 
ics, Poruiuoui  ti :  Author  of  "How  to 
Make  a  Survey."  etc.  London,  England : 
The  Technical  Publlshiug  Co.,  Ltd.  New 
York:  D.  Van  Nostrand  Co.  Cloth; 
4%  X  7^  Ins.;  pp.  92;  23  Ulustratloua, 
mostly  In  the  text,   f  1.  net. 

MODERN  STEAM  TRAPS.— (English  and 
American):  Their  Construcllou  and 
Working.  By  Gordon  Stewart.  I^ondon. 
England:  The  Technical  Publishing  Co.. 
Ltd.  New  York:  D.  \a.xi  Nostrand  Co. 
Cloth;  i%  y  "ihi  Ins.;  pp.  104;  71  illus- 
trations in  the  text.  8s.,  net:  American 
price,  $1.25,  net. 

NOTKS  ON  THE  COXST  RUCTION  AND 
WOHKIXO  OF  PUMPS.  —  Hy  Edward  C. 
R.  .Marks,  M,  Inst.  M,  K.,  Assor.  M.  Inst. 
C.  E.,  Author  of  '.Xotes  on  the  Construc- 
tion of  Crant's  and  Lifting  Machinery," 
etc.  Second  and  enlarged  edition.  Ix)n- 
don,  England:  The  Technical  Publishing 
Co.,  Ltd.  New  York:  D.  Van  Nostrand 
Co.  Cloth;  4%  X  7)4  ins.;  pp.  2S9:  159 
illustrations  In  the  text.  4b.  Cd.,  net; 
American  price,  Jl.fjO,  net. 

A  POCKET-BOOK  OF  MECHANICAL  EN- 
GINBBRING. — Tables.  Data,  Formulas. 
Theory  and  Examples,  for  Engineers  and 
Students.  By  Charles  M.  Sames,  B.  Sc., 
Mechanical  Engineer.  Third  Edition,  re- 
vised and  enlsrged.  Jersey  City,  N.  J.: 
The  Author.  Leather;  4  x  BVk  Ins.:  pp. 
195;  39  Illustrations  in  the  text.  |2. 

STEAM  TURBINES. — By  Carl  C.  Thomas. 
Professor  of  Marine  Engineering.  Sibley 
College,  Cornell  University.  Third  Bdi- 
tl<ni,  revised  and  enlarged.  New  York: 
John  Wiley  A  Sons.  London:  Chapman 
&  Hall,  Ltd.  Cloth;  6x9  Ins.;  pp.  xiii. 
334;  with  145  figures  and  20  plates.  Price 
advanced  from  $:;.jo  to  $i. 

TUERMOOYNAMiCS  OP  THE  STEAM-EN- 
OINE  AND  OTHER  HBAT-ENGINBS.-- 
By  Cecil  H.  Peabody,  Professor  of  Naval 
Architecture  and   Marine  Engineering. 

Massachusetts  Institute  of  Technology. 
Fifth    Edition,    rewritten.    New  York: 

John  \\il'"y  r)C-  Sons.  London.  KtiKland: 
Chapman  &.  Hall,  Hd.  Cloth;  :  'i  s  » ^p* 
Ins.;  pp.  G/to;  117  illuHlraliotig  in  the 
text.    $5:  EnKli.sh  [irlce,  21s.,  net. 

Mining  Enuiii<-<  rjii|{. 

liVDKAl  Lie  AND  PLACER  MINING.— By 
KuL:-'nc  P.  Wilson  Second  Edition.  r»'- 
wriiteti.  .Xc'w  York:  John  Wiley  & 
Sons.  London,  England:  Chapman  & 
Hnll.  Ltd.  Cloth;  4%  x  7>4  ina.:  pp. 
:;r>.'>:  plates,  text  Illustrations  and  tables. 
I2.&M. 
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^A^H^Q?^  OF  NEW  TOOLS^PROCESSES,  AND  APPLIAjyCE; 

Th«  publication  of  material  in  this  Hrction  in  not  jxtid  for.  M'hilr  it  partakes  nutre  or  Usg  of  the  nature  of  ad- 
vertiiting  of  theltruut  meHtioned,  it  in  intctuled  aurerietc  notices  of  mouic  of  the  more  important  catalogue srccii red 
dejicribing  new  feature h  in  tnacJiincry,  materiuln,  jtrocenses,  etc.,  of  interest  to  the  engineering  profession. 


A  NEW  SILKXT  DKIVE  CHAIN. 

Drive  chains,  known  as  "Silent  Chains," 
have  .become  very  ioiportant  in  tlie  power 
transmission  field.  They  tuive  attained  this 
position  because  they  are  silent,  and  becaus;3 
of  their  ability  to  adjust  themhelves  to  the 
wheels  as  they  lengthen,  they  retain  their  full 
efficiency  until  completely  worn  out.  At  the 
same  time  they  give  a  positive,  flexible  drive 
on  short  and  long  centers,  at  slow  and  high 
speeds,  unaffected  by  damp,  dust,  grease,  or 
heat. 

The  Schmidt  chain,  herewith  Illustrated,  is 
the  latest  development  of  this  type.  It  com- 
bines great  capacity,  durability,  and  simplicity 
of  construction,  and  runs  smoothly  and  silently 
with  a  minimum  consumption  of  power. 

It  is  constructed  of  multiple-toothed  links 
•tamped  from  a  special  high-rarbon  steel,  casj- 
bardened  steel  pins,  and  pin  retaining  links. 


Ihe  tooth  of  the  link  is  placed  centrally  be- 
tween the  pins,  giving  a  straight  path  for  the 
btress  to  follow.  Consequently,  the  links  be- 
ing straight,  are  in  tension  only,  and  will  not 
bend  or  change  their  pitch  under  suddenly  ap- 
plied loads.  It  follows  that,  for  a  given  load,, 
the  chain  Is  lighter,  thus  giving  less  dead 
weight  and  higher  efficiency.  The  faces  under 
the  plus  are  so  formed  as  to  clear  the  corners 
of  the  wheel  teeth,  and  adapt  the  chain  for  any 
size  of  wheel.  The  outer  end  of  each  pin  ori- 
fice In  the  links  has  the  same  radius  as  the 
pins:  this  gives  a  larger  bearing  surface,  and 
doe.s  away  with  the  excessive  wear  In  a  new 
chain  which  results  from  the  use  of  a  circular 
hole  of  larger  diameter  than  the  pin,  which 
gives  but  a  line  bearing  until  the  metal  wears 
and  forms  a  scat  t'ur  the  pin. 

The  methoJ  of  retaining  the  pins,  exclus- 
ively used  In  these  chains,  is  novel  and  Inter- 
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estiag.  They  are  not  riveted,  but  are  retained 
by  means  of  special  edge  links,  called  retain- 
ing  links.  These  are  thinner  than  the  chain 
link*  Mid  bM.re  one  hole  keyhole-shaped,  which 
psflsas  over  the  end  of  a  pin  and  enters  a  cir- 
cular groove  In  the  ptn.  The  retaining  links 
Are  ollfet,  and  overlap  and  lock  each  other,  as 
well  as  the  pins,  in  place.  By  this  constmc- 
tion  the  chain  Is  securely  held  together  and 
yet  Is  easily  detachable  for  general  overlUiaUiig 
or  changing  Its  length  without  the  tise  of  toola. 
The  pins  require  no  annealing  at  their  ends  and 
are  oonsequeiitly  free  from  soft  epota  and  re- 
slat  wear  unlfbrmlr  throughout  their  length. 

The  wheels  on  which  these  chains  run  have 
symmetrical  cat  teeth,  the  number  being  lim- 
ited only  by  slw  of  wheels  the  cutting  maohlne 
will  handle.  Very  large  speed  ratios  are  con- 
sequently possible,  20  to  1  being  well  within 
the  limits.  A  drive  can  readily  he  renned 
and  the  chains  need  not  lie  placed  on  the 
wheels  in  any  special  manner. 

The  Schmidt  chains  also  have  the  faculty  of 
riding  out  on  the  wheel  teeth  as  their  pitch 
lengthens,  automatically  forming  a  larger 
pitch  drele,  and  retaining  their  original  efflo 
ciency,  greatly  Inereaslng  their  life.  The 
chains  when  engaging  or  leaving  the  wheels 
dear  the  teeth,  eliminating  all  wear  and  fric- 
tlon  from  this  cause. 

These  chains  are  the  Invention  of  Mr.  Carl 
O.  A.  Schmidt,  Jr.,  and  are  manufactured  by 
the  ^^chniidt  Drive  Chain  Co.,  of  2C6  Broadwiy, 
New  York  City 


GOOD  ILLUMINATION. 

Good  illumination  Involves  three  essential 
points:  (1)  The  right  quantity  of  light;  (S) 
The  right  quality  of  light;  (3>  The  right  UMi 
of  light. 

For  example:  To  read  this  page  with  the 
greatest  ease,  you  would  not  hold  it  in  dlroct 
sunlight,  which  would  Illuminate  it  too 
brightly;  nor  in  the  light  of  dusk,  which  would 
Illuminate  it  too  dimly;  nor  by  a  red  light, 
which  would  be  unpteasant  to  the  eyes;  nor 
would  you  let  the  light  shine  squarely  onio 
the  page  and  throw  a  direct  reflection  into  tbo 
eyes;  but  you  would  choose  a  light  of  mod> 
crate  Intensity,  such  as  tliat  froni  ;i  north  win- 
dow, or  a  good  lamp  covered  with  a  globe  to 
diffuse  and  soften  the  rays:  and  you  would 

place  the  light  la  the  side,  and  a  Tittle  above 
the  page,  so  that  the  paper  would  show  no 
*'8biny"  spot,  I.  so  that  none  of  the  light 
reflected  direotly  would  reftdi  your  eyue. 


It  may  be  put  down  as  an  established  fact 
In  artificial  lighting  that  all  modcra  light 
sources  are  too  bright  to  be  used  uncovered, 
where  the  light  la  to  be  used  for  careful  vision, 
such  as  reading  or  writing;  they  should  either 
Ik  n  dosed  in  some  sort  of  globe  which  will 
diffuse  their  light,  or  be  placed  so  that  the  eye 
cannot  see  the  source  of  light,  if  this  rule  is 
adhered  to  it  will  be  found  that  none  of  the 
modern  high-power  lights  are  "too  hard  on 
the  eyes." 

Ground  glass  and  so-called  ''ponelniii'* 
(opal  glass)  have  long  been  used  as  a  means 
of  dllfustng  light  While  they  produce  the 
desired  softening,  they  accomplish  the  result 
at  a  very  great  waste  of  light,  running  all  tho 
way  from  twenty  to  seTenty>flTe  per  cent. 
This  8o  reduces  the  actual  Illumination  as  to 
practically  offset  the  economy  resulting  from 
the  higher  effleieney  of  such  ll^ts  as  the 
mantle-gas  burner  and  acetylene  flame,  and 
add  materially  to  the  coet  of  illumination  of 
electric  lamps,  which  are .  generally  more  ex- 
pensive than  the  other  light  sources. 

It  was  with  a  view  of  avoiding  this  serious 
waste  of  light  that  Holophane  globes  were  In- 
vented. These  globes  are  made  of  the  purest 
crystal  glass,  having  both  inner  and  outer  sur- 
fftoes  formed  into  a  series  of  prismatic  ribs  and 
flutinga,  accurate  to  the  thousandth  part  of  an 
inch.  These  prisms  are  of  such  form  as  to 
diffuse  and  soften  the  light,  and  at  the  same 

time  turn  the  rays  wliicii  would  otherwise  go 
upward  and  be  lost  to  practical  use.  Into  a 
downward  and  useful  direction.  This  is  ac- 
contpllBhed  by  forming  the  prlsms  In  accord- 
ance with  the  established  laws  of  optics.  Just 
as  B  teleseope  or  other  optical  Instrument  la 
designed  for  Its  esipeolal  purpose. — From  a 
booklet  issued  by  the  Holophane  Glass  Co., 
aiiick&er  Bldg..  New  Trnk. 


THE  TREATMENT  OF  tBSUIB. 

Two  things  are  necessary  for  perfect  belt 
service.  First:  pliable,  healthy,  vigorous 
belts,  waterproof  and  clean,  able  and  ready  to 
work:  Second:  the  prevention  of  slip. 

There  have  been  two  ways  of  stopping  slip. 
One  by  tension  (tight  belts)  and  the  other  by 
puttln.g  on  some  sticky  material.  The  first 
way  loads  the  belts,  bearings,  shafting  and 
engine  with  a  great  dead  drag  of  friction  load. 
Tt  Is  a  wasteful  way. 

The  second  way  hurts  the  belts,  dries  them 
out,  uies  up  power  to  rip  the  belt  off  the 
pulley  and  often  forma  inmpa,  on  top  of  whldi 
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the  belt  rides,  with  loss  of  contact  and  break- 
ing the  suction  of  belt  on  pulley.  Also  a 
wasteful  way. 

Both  these  methods  are  poor.  Recently 
many  manufacturers  have  begun  to  use  a  new 
system  of  belt-treating.  A  preparation  is  put 
on  the  surface  of  the  belt  which  renders  it 
more  efficient.  This  preparation  is  fed  slowly 
to  the  belt  and  it  penetrates  into  the  body  of 
the  belt  itself,  the  pulleys  force  it  In,  the  pores 
suck  it  in.  It  fills  and  surrounds  every  tiny 
fiber,  inside  and  out,  with  its  clean,  neutral 
lubricating  food;  bo  that  these  fibers  work 
with  their  neighbors  in  little  preservative,  frlc- 
tionless  bearings — not  the  usual  rubbing  of 
dry  fiber  on  fiber  (and  it  does  the  same  for 
ropes  as  for  belts).  It  gives  a  vigorous,  pli- 
able, healthy  belt,  and  it  prevents  all  slip. 
These  two  conditions  are  the  foundation  of 
good  belt  service.  Their  lack  is  the  cause  of 
all  trouble. 

The  result  of  this  treatment  Is  that  belts 
can  be  run  slack  without  danger  of  slipping, 
thereby  greatly  increasing  their  efficiency. 
High  tension  is  wasteful  of  power  and  hard  on 
the  belt,  but  untreated  belts  must  be  run  un- 
der high  tension  or  they  will  slip.  The  prep- 
aration which  is  used  to  obtain  these  results 
la  described  in  a  booklet  entitled  "The  Treat- 
ment of  Belts  and  Ropes  for  Service  and 
Profit,"  which  is  issued  by  the  CUng-Surface 
Company,  Buffalo,  N.  Y. 


THE   CORROSION   OF   STEEL   AND  IRON 
PIPES, 

For  some  time  experiments  have  been  con- 
ducted at  the  National  Tube  Works,  with  the 
object  of  increasing  the  life  of  pipe  steel.  A 
process  has  been  developed  which,  after  a 
year's  trial,  has  given  very  encouraging  re- 
sults. Tests  of  this  new  steel  ii&ve  been  made 
in  sulphurous  air,  fresh  water,  salt  water  and 
in  mine  water.  So  far,  in  every  case,  the  steel 
has  proved  Itself  much  more  uniform  and  less 
liable  to  pit  than  wrought  iron.  The  latter 
is  a  very  important  advantage,  a  pit  being 
analogous  to  the  weak  link  of  a  chain. 

Some  tests  were  made  of  this  steel  in  com- 
parison with  various  makes  of  "strictly  wrought 
iron"  pipe  by  coal  mining  companies  in  dif- 
ferent parts  of  the  country.  Samples  cut 
from  separate  lengths  were  placed  in  a  wooden 
crate,  so  that  they  would  be  subjected  Inside 
and  out  to  the  action  of  running  "sulphur" 
water  from  the  mine.  In  some  of  the  tests 
undertaken  the  corrosion  was  allowed  to  pro- 
ceed until  the  steel  pipe  began  to  give  way. 
The  steel  pipe  was  decidedly  freer  from  pits 
in  all  these  tests. 

Recent  testa  which  Prof.  H.  M.  Howe  has 
conducted  on  modern  pipe  steel  compared  with 
standard  grades  of  wrought  iron  in  hot  aerated 
brine,  have  shown  the  steel  to  be  practically 
free  from  pitting,  and  on  the  whole  to  have  at 
least  equally  good  resisting  qualities  under 
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conditions  wtwre  stoel  formerly  lost  about  18% 

more  than  wrought  Iron.  Numerous  testa  uiade 
io  aerated  briue  iu  ihe  National  Tube  Coni- 
pnny's  laboratory  have  given  practically  the 
same  results.  Two  photographs  of  plates  of 
wrought  iroo  and  steel,  which  have  been  tested 
•idO  by  side  VHfier  these  conditluna  for  tbrM 
months,  are  reproduced  to  show  the  compara- 
tive evenness  and  freedom  from  pitting  of  the 
steel  surface.  While  the  results  figured  In  per- 
centage lost  per  unit  of  surface  exposed  are 
in  favor  of  steel  made  by  this  process,  the  fact 
that  tklt  material  docft  not  pit  so  readily  as 
wrouffht  iron  is  of  far  more  Importance  to  tti« 
user. 

The  new  process  by  which  this  stoel  la 
treated  Is  mecbanical  and  does  not  in  any  way 
depend  on  akiUed  labor  beyond  keeping  up 
the  machinery  Involved,  hence  uniform  treat- 
ment is  assured. 

8t«el  pipe  has  been  shown  to  be  superior  to 
point  of  linish,  strength  of  aenm  and  unlforniity 
of  material,  and  it  now  appears  that  it  can  be 
made  so  as  to  have  a  decided  advantage  over 
wrought  iron  mult  r  corrosion. — From  "The 
Manufacture  of  Welded  Pipe,"  a  pamphlet 
published  by  the  National  Tube  Co..  Pitta* 
burs,  Pa. 


"Lidgerwood  lioi.stlQg  Engines,  Direct 
Current,  S50  and  KOO  Volts."  la  the  title  of  an 
elghr-pn?ro  hnllotln  recently  issued  by  the 
Lldgerwood  Mfg.  Co.,  of  New  York.  This 
pamphlet  Is  of  special  ,  interest  because  it  lUos- 

tratos  the  great  ohnnE:f'8  which  h:tv(?  tako'i 
place  in  the  form  and  arrangement  of  electric 
hoists  since  electric  motors  were  Urst  adopted 

for  hoisting  work.  In  prntltirfng  the  earllf'r 
Styles  of  electric  hoists  the  manufacturer  was 
obliged  to  use  such  motors  as  the  market  af- 
forfl<"d  that  were  adapted  to-  the  work.  Thf 
only  motors  available  at  that  time,  however, 
were  made  In  such  a- form  that -to  apply  tbem 
to  hoisting  work  reqiiircjl  thni  the  hoisting 
drums  and  their  operating  portions  should  b«' 
radically  changed)  In-  their  relative  posltionH. 

Instea'i  of  hnvlm-  thr  trr-nr'*  ami  brake-liauds 
at  the  Icti  and  the  friction  nut  at  the  right,  as 
had  been  demonstrated. U»be  handiest  through 

years  of  exp'Tt'^nfo  fn  ?n'i!r11ncr  Bt«'am  hoisf-. 
the  drums  were  turned  around  with  the  gears 
to  the  right  and  friction  nuts  to -the  left.  Rec- 
ognizing thrif  this  was  not  as  It  should  be,  the 
Lidgerwood  Company  arranged  for  the  rede- 
sign of  their  entire  line  of  electric  hoists,  rang- 
ing from  1  to  ^0  HP.  Thes'"  holFfs  now 
have  ibe  controller  handles,  friction  levers  and 


foot  brakes  in  predsely  the  samo  positions  aa 

are  their  equivalent  parts  on  steam  hoists  for 
similar  work,  and  au  engineer  used  to  steam 
work  can  operate  them  without  having  to 
learn  iht:  ninchlno  over  again  and  With  the 
facility  of  au  old  operator. 


A  CONVENIENT  DOTTlNa  PEN. 

.Anhitecis,  engineers  iUid  drafts^nien  will 
find  an  ingenious  time  and  labor-saving  device 
In  the  Ruehle  Dotting  Pen.  Two  of  the  chief 
advantages  which  it  haa  over  other  peoa  of  the 


same  type  lie  in  the  uniform  feed  of  the  pink 
to  the  dolling  wheel,  blotting  being  thereby 
i>n  \  '  uted,  and  In  the  faet'that  the  feed  of  Ink 
13  the  Hame  as  in  an  ordinary  ruling  pen. 
Tfie  pen  possesses  additional  merit  In  that  it 
can  be  attached  to  any  com  passes,  and  that 
special  dotting  wheels  of  auy  thicknes.s  may  be 
used.  The  pen  is  manufactured  by  E.  O. 
Ruehle  ft  Co.,  119  Pulton  street.  New  York. 


The  ^leado  Tt  Jiitih;,'  Laboratories,  Nazareth, 
IM.,  have  been  established  for  the  inspection 
and  testing  of  cement.  The  equipment  of  the 
laboratories  is  of  the  most  Inipmvffl  form, 
and  Is  designed  tu  carry  out  the  standard  tests 
of  the  Am.  Soc.  C.  E.,  as  well  aa  any  apeclal 
te«»5  desired  by  engineers  and  architects. 
Kit-hard  K.  Meade,  the  Director,  la  one  of  the 
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toremost  chemists  In  t1i«  country  and  a  rec- 
ognizor authority  on  Portland  cement.  The 
clients  of  the  laboratory  will  at  all  times  bavc 
the  benefit  of  lite  knowledge  and  advloe.  Clar« 
ence  E.  KUnp,  the  Engineer  of  TestB,  ha«?  had 
much  experience  in  the  testing  uf  cement,  and 
all  the  work  undertaken  bgr  the  laboratories 
will  he  plnrod  In  expert  hands.  The  labora- 
tories will  also  make  a  specialty  of  the  In- 
speetloa  of  cement  at  the  mill. 


A  PBRMANENT  CONCRBTB  EXHIBITION. 

The  Cnncrt'to  .\ssioriation  of  America,  com- 
posed of  men  who  are  engaged  in  developing 
the  correct  use  of  concrete,  has  recently  opened 
a  permanent  exhibition  of  coiu  rt'te  aiul  (anient 
products  at  the  Brunswick  Building,  Fifth 
ATenue  and  27th  Street,  New  York.  The  prl- 
mary  piirposf  of  this  exhiVtitloii  is  to  show  the 
architect,  the  builder  and  the  owner  who  may 
bare  certain  prejudices  aiialnst  the  use  of  con- 
crete In  any  but  nini^s  work,  that  th<-  artistic 
and  scienllflc  treatment  of  the  material  has 
reached  such  a  stage  that  It  Is  not  only  safe 
and  economical,  but  that  it  can  be  made  btau- 
tllQl.  Particularly  is  the  purpose  of  the  show 
to  demonstrate  to  the  Incredulous  architect 
that  he  can  build  out  of  connetp.  structures 
which  will  suit  the  most  esthetic  taste.  The 
«di!blt  comprises  many  model  buildings  and 
sections  of  buildings,  portions  of  columns  and 
beams,  examples  of  surface  Unish  and  parts  of 
cement  laboratories.  A  p«rmanent  secretary 
is  In  attendance  and  will  be  i;l.ui  to  assist  vis- 
itors In  gaining  any  Information  not  evident 
iRon  the  eichlblts. 


A.  S.  M.  E.  MONTHLY  MBETINO. 

The  next  monthly  meeting  of  the  .\inc?rican 
Society  of  Mechanical  fiogineers  will  be  held 
Tuesday  evening,  Jan.  14.  In  Assembly  Room 
No.  1,  of  the  Englni  crlni;  Sorbdcs  niiildinf;,  at 
2d  West  3»th  St.,  New  York.  The  subject  will 
be  "Car  Lighting,"  the  presentation  being 
made  by  Mr.  R.  .M.  Dixon,  Prcaident  of  the 
Safety  Car  Heating  and  Lighting  Company,  and 
will  treat  of  the  general  sabject  of  light  of 
trains,  showing  relative  ccononiirs  hi  the  sev- 
eral systems,  electric  and  gas.  There  will  be 
In  operation  eidilblts  of  different  methods  such 
as  the  Pintsch  mantel,  tlin  vanor  iiiaiit<'l  sys- 
tem, a  new  acetylene  system,  and  several  va- 
rieties of  axle  lighting  by  electricity  with  their 
regulating  and  governing  mechanism.  Bach 
member  may  bring  one  friend. 


TRADE  PimUCATIONS. 


CABLEW.AYS  FOR  ALL  PURPOSES  The 
New  York  Cableway  &  Engineering  Co., 
New  York  City.  &  x  $  Ins.;  pp.  8;  Illus- 
trated. 

This  folder  gives  a  diagram  Illustrating  the 
cableway  manufactured  by  the  company  and 
describes  Its  character  briefly,  pointing  out  the 
advantages  It  is  said  to  possess  over  other 

types. 

WATERPROOFERS  AND  PRESERVATIVES 
— George  Callahan  &  Co..  New  York  City. 
Paper;        x  9  ins.;  pp.  S. 

Thte  folder  contains  a  description  of  the 

methods  uved  to  repair  and  preserve  roofs  of 
all  kinds  with  the  Rubber  Roof  Cement  and 
the  Blastica  Roof  Coating.  These  oomponnde 
are  mannfactured  by  George  Callahan  ft  Co., 
and  are  used  tor  repairing  tin,  iron,  steel,  feU. 
wood,  slats  and  paper  roots,  as  well  as  In  many 
underground  structures. 

MOORS  VACUUM-TUBB  LiOUT.— Moore 
Electrical  Co.,  Newark,  N.  J.  Paper; 

?.V^  X  ')  Ins.;  pp.  •! ;  Ilhistrated. 

This  is  a  small  (older  setting  forth  some  of 
the  advantages  claimed  for  the  vaeaum-tube 
system  of  indoor  lllunilnatfon,  the  scIentlQc 
features  of  which  were  set  forth  on  page  2  64 
of  thfe  magaslne  for  Oetober.  It  is  stated  In 
the  folder  that  there  are  bUKiness  places  <20  n: 
60  ft.)  in  which  the  lusiallatlon  of  Mooro 
tubes  has  saved  |40  per  month  over  the  forma 
of  lUnmlnation  previously  used. 

THE  BERGK.N  POLNT  IRON  WORKS.  li.r 
gon  Point  Iron  Works,   liayouue,  .N'.  J, 
Paper;  6x9  ins.;  pp.  50;  illustrated. 
In  this  catalogue  a  few  of  the  typical  ma- 
chines and  appliances  constructed  under  the 
patents  controlled  by  tlie  Bergen  Point  Iron 
Works  are  illustrated,  and  some  of  the  wiiys 
In  which  these  devices  serve  as  labor  savers  arc 
sugserted.   Rope  dumpers,  wheelbarrow  tubs, 
the  company's  patent  cars,  and  many  other 
appliances  of  like  character  arc  among  the 
machines  described  in  It. 

THP:   BARUKTT  hand-book.— Ilie  liarrelt 
Maoufacluriog  Co.,  New  York.  Paper; 
4%  X  8  Ins.;  pp.  48;  Illustrated. 
This  booklet  contaln.s  n  description  of  the 
roofings  of  the  Barrett  Co..  manufactured  ac- 
cording to  the  Barrett  speclfleatton.  This  calls 
for  a  five  ply  coal  tar  pitch,  felt  and  slag  or 
gravel  roofing,  put  on  in  such  manner  as  to 
make  It  of  the  highest  effldeney.  Interesting 
Jlliist rations  of  the  flre-rf f nrdent  quaHtlo.^  of 
this  roofing  are  given.    The  booklet  also  con- 
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tains  descriptions  of  the  Barrett  waterproofing 
for  cellars,  foundation  walls  and  underground 
structure!  in  general. 

THE  CLIMAX  TRACK  DRILL.  -Cook's  Stand- 
ard Tool  Co.,  Kalamazoo,  Micli.  i'aper; 
G  X  9  ins.;  pp.  16;  Illustrated. 
TUa  pamphlet  deecribes  tJie  Climu  drlU  and 
the  advantages  obtained  by  ita  uie.    One  feat* 
ure  which  recommends  it  especially  is  the  fact 
tliat  it  ia  made  of  the  finest  crucible  steel  and 
win  stand  up  under  the  very  tanrd  usage  to 
which  every  traclt  drill  is  subjected.  Other 
uack  appliances,  sucb  as  track  tool  grinders, 
steel  and  wood-steel  cattle  guarda  a&d  single 
and  double  acting  trip  and  lowering  ia^ki*  are 

also  described  In  the  booklet. 

A  STORAGE  DATTKRY  IN'  A  LARGE  STEEL 
WORKS.  lUilletln  No.  S.  The  General 
Storage  Battery  Co.,  42  Broadway,  New 
York.  Paper;  8  x  10%  Int.;  pp.  8;  illus- 
trated. 

This  bulletin  describes  the  floating  or  "line" 
battery  of  the  Cambria  Steel  Co.,  which  Is  in 
use  in  their  plant  at  Johnstown,  Pa.  The  bat- 
tery consists  of  106  cells  of  the  General  Stor- 
age Battery  Co.'a  regular  "Bljur  HIgll-Duty" 
type,  having  a  capacity  of  2,400  amperes  for 
20  minutes.  As  a  result  of  its  installation  the 
Cambria  Steel  Co.  has  saved  in  Initial  cost  over 
generating  equipment  of  the  equivalent  ca- 
pacity and  in  other  directions  and  also  created 
a  reserra  souroa  ot  avnir* 

ELECTRIC  PYROMETERS.— Catalogue  No. 
17.    William  H.  Bristol,  New  York  City. 

Paper;  9  ■  li!  Ins.;  pp.  44;  illustrated. 

This  handsome  catalogue  describes  the  Wll> 
llstn  H.  Brlst(d  electric  pyrometers  for  Indleat' 

in,;,  recording  and  controlling  high  tempera- 
tures. These  pyrometers  are  designed  lor 
practical  use  la  a  number  of  processes  where 
accurate  measurement  and  control  are  essen- 
tial. A  number  of  improvements  over  other 
types  have  already  brought  them  Into  wide  use 
In  the  Industries,  althoui<h  the  earliest  patent 
under  which  they  are  manufactured  is  dated 
July  5,  1»04. 

THE  UNIT  SYSTEM  OF  RIGID  REI.NFORCE- 
MENT. — Containing  a  Discuasioo  of  the 
Necessity  for  Greater  Accuracy  in  Con- 
crete Construction.  By  Ross  M.  Tucker, 
.M.  Am.  Soc.  C.  B.  Tucker  ft  Vinton,  New 
York  01^.  Paper;  4%  x  7  Ins.:  pp.  38; 
Illustrated. 

The  "Unit  Synfi  ni"  as  used  by  the  Tii<  ker  <<• 
Vinton  Corporation  is  herein  described  and  the 
advantages  which  It  possesses  over  those  sys- 
tems which  use  disconnected  reinforcing  rods 
are  shown.  There  is  also  a  short  but  inter- 
esting and  convincing  argument  on  the  advau' 


tuges  of  the  '  Cost-Plus-a-Premlum"  contract, 
which  is  the  only  system  under  which  the 
Tucker  and  Vinton  Corporation  will  estimate 
on  or  accept  any  work. 

STEEL  TAPES.  RULES,  GAGES.  ETC  - 
James  Chesterman  &  Co.,  Ltd.,  Sbetneld, 
England.  Paper;  614  x  8%  Ina.;  pp.  60; 
Ulustrated. 

This  catalogue  contains  partleulars  regard- 
ing the  numerous  forms  of  measuring  appli- 
ances made  by  this  firm,  among  them  being 
patent  measuring  tapes,  land  Chains,  band 

chains,  steel  rules  and  straight  edges,  T- 
squares,  scales,  and  other  tools  for  engineers. 
One  specialty  described  Is  a  patented  steel 
Jointed  rule,  2  ft.  lont?.  machine-divided,  for 
measuring  or  setting  out  angles  to  any  degree. 
This  rule  has  an  accurate  scale  of  diords  ea- 
gravod  on  one  side,  from  0'  *n  "!?"  ',  advancing 
by  halt  degrees,  and  is  also  provided  with  two 
center  dots,  one  on  eadi  blade,  by  which,  with 
the  aid  of  a  pair  of  dividers,  the  rule  cati  be 
set  to  any  desired  angle,  or,  vice  versa,  any 
angle  can  be  determined.  The  American  agenta 
for  this  house  are  WIebusdbi  ft  Hllger, 
Murray  St.,  New  York. 

THE  TREATMENT  OF  BELTS  AND  ROPES 
FOR  SERVICE  AND  PROFIT. — Published 
by  the  Cllng-Surface  Co.,  Buffalo,  N.  Y. 
Paper;  4%  x  1  Ins.;  pp.  87;  illustrated. 

In  this  pamphlet  the  Cllng-Surface  Company 
presents  a  large  array  of  facts  to  show  that 
belts  treated  with  Cllng-Swface  will  last 

through  a  much  longer  p<'riod  of  service,  and 
at  the  same  time  will  be  productive  of  a  de- 
cided saving  in  horse-power.    By  the  use  of 

this  preparation  on  belts  and  ropes  used  for 
the  transmission  of  power,  slipping  is  said  to 
be  entirely  prevented.  This  permits  the  run- 
ning of  belts  with  a  greatly  decreased  tension 

upon  them,  and  the  loss  from  friction  between 
the  belt  and  pulley  is  thereby  reduced  to  a 

minimum.  The  pamphlet  contains  several  in- 
teresting statements  of  the  results  of  experi- 
ments made  comparing  Iselts  treated  with 
Cllng-Surface  and  ordinary  belt.s.  The  tests 
showed  a  very  high  efficiency  ot  power  trans- 
mission when  slsck  treated  helta  were  used 
and  a  decided  all  arouncl  superiority  to  the  un- 
treated belts,  it  is  said  tliat  belts  treated 
with  this  preparation  do  not  become  charged 
wiih  .static  elect riilry  in  the  winter,  thus  ren- 
dering various  devices  to  obviate  this  tendency 
in  ordinary  belts  unnecessary.  The  manufac- 
turer who  uses  Tn  lt.s  and  ropes  for  power  trans- 
mission will  find  considerable  matter  ot  inter- 
est In  this  pamphlet.  ' 
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AMERICAN  AND  CANADIAN  PERIODICALS 


Ac«tjrl«iio  Journal. 

American  Ardiltect  and  Building  News. 

American  Artisan. 

American  Builders'  Review. — Sea  Adv.  oppo* 

Btte. 

American  Carpenter  &  BnlUtor. 
Amerioan  Bngtaear  and  R.  B.  Jonraml. 

American  Exporter. 

American  Oas  Light  JoumaL 

American  Industriea. 

American  Inventor. 

American  Journal  of  Sctence. 

Amarlcan  Madilnlst. 

Amertean  Shlpbultdar. 

Architect  &  Engineer  Of  CallfoniU. 

Architectural  Arti 

Archiiertii  l  ar  Record. 

Arctiltectural  Review. 

Architects'  and  BnUd«n*  Ifag. 

▲tolilUKtnra. 

A«tomobll«. 

Boiler  Malcer. 

Brass  World. 

Brlrk. 

Bulletin  Am.  Iron  &.  Steel  Assn. 
Bulletin  of  Dept.  of  Labor. 
Bulletin  Univ.  of  Kansas. 
Bulletin  Univ.  of  Wis  onsin 
California  Journal  of  Technology. 
Canadian  Architect  and  Builder. 
Canadian  Cement  ft  Concrete  Review. 
Canadian  Electrical  Nawa. 
Canadian  Engineer. 

Canadian  Machinery  A  MuutaetnrlaK  Nam. 
Canadian  Mannfaetttrtr. 
f^nadlan  Mining  JonnwL 
Camdlnn  Municipal  JovmaL — Sm  Adr.  oppo> 
■Ita. 

Carpentry  and  Building. 
Caaeier's  Magazine. 
Caatlnga. 

Cement. 
Cement  Age. 

Cement  and  Engineering  News. 

Cement  Era: 

Central  Station. 

Chemical  Engineer. 

Cold  Storage  and  Ice  Trade  Journal. 

Commercial  America. 

Gomprassed  Air. — Sea  Adv.  opposlt*. 

Oomrato. 

Oonerata  Am. 

OoBereta  Bngiaaarlng. 

Contractor. 

Cornell  CItII  Engineer. 

Daily  CoiisiiTar  and  Trade  Reports. 

Domestic  Engineering. 

Economic  Geology. 

Electrical  Age. 

Electrical  Review. 

Electric  Journal. 

Electric  Haiiway  Review. — See  Adv.  oppoalte. 

Electrical  World. 

Electric  Traction  Weekly. 

Electrochemical  and  Metallurgical  Industry. 

Engineer. 

Bnglneerlng-Coatractlog. — See  Adv.  opposite, 
■agfneerlng  and  Mining  Journal. 


Engineering  Magaslne. 
Bngloeerlns  Newg,   Sea  Adv.  opposite. 
Engineering  Beeord. 
Vm  Baetern  Review. 

Ftre  and  Water  Engineering. 
Forestry  and  Irrigation. 

FounJry. 
Gab  Kugme. 

Glass  and  Pottery  World. 

Hardware. 

Heating  and  VentlUtlns  ^*gl*«**** 

Horseless  Age. 
ice  and  Refrigeration, 
illuminating  Engineer. 
Implement  Age. 

Industrial  Magazine. — See  Adv.  opposite. 
Industrial  World. 
Inland  Architect. 
Insurance  Engineering. 
International  Marine  Engineering. 
Iron  Age. — See  Adv.  oppoaltaw 
Iron  Trade  Review.  , 
Irrigation  Age. 

Journal  of  Electricity,  Power  end  Gas. 

Journal  of  U.  S.  Artillery. 

Journal  of  Worcester  Felyteehnto  Inatitntr 

Judicious  Advertising. 

Machiinvry. 
Marine  Utsview. 
Metal  Industry. 

Metal  Worker,  Plumber  and  Steam  Fitter. 

-M  1  l  es  and  Minerals. 

Miuing  and  Scientlflc  Press. 

\;  i;iiag  Science. 

Mining  World. 

Modern  Machinery. 

Moody's  Magaalneu 

Motor.  , 

Motor  Age. 

Motor  Boat. 

Motor  Car. 

Motor  Traffic. 

Municipal  Engineering. 

Municipal  Journal  and  Engineer. 

Paper  Trade  Journal. 

Plumber's  Trade  Journal. 

Popular  Mechanics. 

Popular  Science  Monthly. 

Power. 

Power  and  TransmissiOQ. 

Power  Wagon. 

Practical  Engineer. 

Printers'  Ink. 

Profitable  Advertising. 

Progressive  Age. — flee  Adv.  opposite. 

Ballroad  Qaaetle. 

Railway  Age. — See  Adv.  opposite. 

Railway  and  Engineering  Reriew. 

Railway  and  I.,ocomotive  Engineering. 

Railway  and  :«T:ir[iie' World. 

Railway  Engineering. 

Railway  Master  Mechanic. 

Roadmaster  and  Foreman. — See  Adv.  opposita. 

Rose  Technic. 

Scientific  American. 

Scientific  American  SuppIemSttL 

Selling  Magazine. 

Sihiey  Journal  of  Engineering. 

Soutliem  Machinery. 

Stevens  Institute  Indicator. 
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Stone. 

Street  Railway  Journal. 
Technical  World  Magazine. 
Technology  Quarterly. 
TaiUto  ICMiafMtuMr'a  JounaL 


Tradesman. 
Waterproofing. 
Western  ElectrldMi. 
Wood  Craft 
Wood  WoA«r* 


PRINCIPAL  BRITISH  FEiaODICALS 


Asrleilltural  Chronicle,  (n.) 
Architect,    (w.)  London. 
Architects'  Magazine,     (m.)  London. 
Ardiitectural  Review,     (m.)  London. 
Autocar,   (in.)  London. 
Automobile  Journal,    (m.)  Ix>ndon. 
Automotor  Journal,    (w.)  London. 
Board  of  Trndo  Jouraal.  (w.) 
BrltUh  ArdiltML    (m.)  London. 
Brltldi  CI&7  Worker,  (m.) 
British  Trade  Review,    (m.)  London. 
Builder,    (w.)  London. 
Building  Industries,     (w.)  Qlasgow. 
Civil  Engineering,     (w.)  London. 
Cold  Storage.     (m.)  London. 
Colliery  Guardian,     (w.)  London. 
Commercial  Motor,     (w.)  London. 
Concrete  &.  Conslr.  Engg.  (b-m.)  Londol 
Contract  Journal,    (w.)  London. 
Blectrlcal  Engineer,    (w.)  London, 
■leetrical  Bnglneering.    (w.)  London. 
Bteetrlcal  Macutne.    (m.)  London. 
Bleetrtenl  ProgieM.    (m.)  London, 
■leetrienl  Reflew.    (w.)  London. 
Blaetrlclan.    (w.)  London. 
Blectrlcfty.    (w.)  London. 
Enf^lncer.     fw.)  London. 
Engineering,     iw.)  London. 
Engineering  Review,    (m.)  London. 
Engineering  Times,  (w.)  London. 


Engiueerlng  World.  (w.) 
Engineers'  Gazette.  (m.) 
English  Mechanic,  (w.) 
Oas  and  Oil  Power,  (m.) 
Qas  Engineers'  Magazine. 
Hardware  Mapajtine.  (m.) 
Implement  and  Machinery  Rev.  (m.)  London, 
India  Rubber  World,    (m.)  London. 
Iron  and  Coal  Tradee  Rerlew.  (w.)  London. 


London. 

London. 
London. 

London, 
(m.)  London. 
London. 


Iron  and  Steel  Trades  Journal,  (w.)  London* 
Ironmonger,     (w. )  London. 
Ironmongers'  Chronicle.     i  i.i.j  London. 
Journal  of  Oas  Lighting,    (w.)  London. 
Journal  of  Society  of  Arts,    (w.)  London. 
Locomotive  Magazine,    (m.)  London. 
Marine  Engineer,    (m.)  London. 
Mariner.    Im,)  London. 
Medhnnleat  Bnglneer.    (w.)  Man^eatag. 
Mechanical  World,    (w.)  Manchester. 
Mining  Engineering,     (m.)  London. 
Mining  Journal.     (w.)  London. 
Mining  World,    (w.)  London. 
Mfi*or.     (w.)  London, 
Moti  f  Boat,     (w.)  London. 
.Motor  Car  Journal.     (w.)  London. 
Moiurlng  Illustrafed      (m.)  London. 
Municipal  Journal      i m.) 
Nature,    (w.)  London. 
Oil  Trades  Gazette,  (m.) 
Pace's  Weekly,    (w.)  London. 
Paper  Maker,    (m.)  London. 
Pioer  Making,    (m.)  London. 
Petrelanin  World,   (m.)  London. 
Practical  Bnginaeir.   (w.)  London. 
Public  Worka.    (q.)  London. 
Quarry,    (m.)  London. 
Railway  Engineer,    (m.)  London. 
Rail  v:;v  Gazette,    (w.)  London. 
Railway  Magazine,    (m.)  London. 
Railway  Times,    (w.)  London. 
Science  Abstracts,    (m.)  London. 
Sells'  Commercial  Advertiser,  (w.) 
Surveyor,    (w.)  London. 
Textile  Journal,     (m.)  London. 
Timber  Trades  Journal,    (m.)  London. 
Tlmea  Engineering  Supplement,  (w.)  London. 
Tramway  and  Bailway  World,  (m.)  London:. 
Water,    (m.)  Londtm. 


London. 


PRINCIPAL  FRENCH, 


GERMAN  AND 
Paris. 


OTHER  FOREIGN  PERIODICALS 


(w.) 


Annales  dea  Fonts  «t  Chauss^es.  (m.) 
Beton  und  Blsen.     (q.)  Vienna. 
Comptes  Rendus  de  I'Acad.  des  Sciences. 
Paris. 

Deutsche  Bauzeltung.    (b-w.)  Berlin. 
IMngler'a  Polytechnic  Journal,  (w.)  Berlin. 
EiBenbahntedinlaGhe  Zeltachrlft.  (iKm.)  Ber- 
lin. 

Electriclen.    (w.)  Paris. 
Elektrochemische  Zeltachrlft.    (m.)  Berlin. 
Btektrotedintk  und  Uaaehtnenbao.  <w.)  VI- 


BlektroteehDliehe  Zeftaehrltt  <tr.)  Berlin. 

Elettrlclt&.    (w.)  Milan. 
G«nle  Civil,    (w.)  Paris. 
Oesundheits-Ingenicur.    (s-m.)  Munich. 
Industrie  Electriquc.     fs-ni.)  Paris, 
rnt-oiiioria.     i  s-m.)     Buenos  Aires, 
lugenieur.    (w.)  Hague. 
M«Ullurgfe.    (w.)  Pazla. 


Minero  Mexicano.    (w.)  Mexico. 
Mols  Sclentlflque.     (m.)  Paris 
Revlsta  d.  Obras  Pub.    (w.)  Madrid. 
Revlsta  Tech.  Indus,     (m.)  Barcelona. 
Revuo  de  M^canique.  (m.)  Paris. 
Revue  G^n,  dos  Chemlns  de  Fer.  (m.)  Parla. 
Revue  Gt'n.  dcs  Scioncps.  (w.)  Paris. 
Revue  Industrlelle.     (w.)  Paris 
Kf^vup  Terhnlque.  (b-m.)  Paris. 
Revlsta  Marlttlma.  (m.)  Rome. 
Schiflbau.    (8-m.)  Berlin. 
Scbweizeriache  Bauzeltong.  (w.)  Znridi.  . 
Stahl  und  Blsen.  (w.)  I>a8seldort. 
Teehntqne  Sanltaire.  (m.)  Paris. 
Zeltachrlft  f.  d.  Oesamte  Turblneniveeso.  (w.) 
Munich. 

Ze!tii<  hrift  d.  Oest  Ing.  ttud  Arch.  Yer.  (w.) 

Vienna. 

Zeltschrlft  <l.  Ver  Deutscher  Ing.  (w.)  Berlin. 
Zeltschrlft  tar  Elektrochemle.  (w.)  Halle  a/S. 
Zeotralblatt  d.  BanTerwaltung.  (••w.)  Berlin. 
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HIGGINS' 


f  DRAWINQ  INK* 

I    CTCRNAL  WniTINO  INK 

CNOROSBINO  INK 
I   TAURINE  MUCILAGE 
■{    PHOTO  MOUNTER  PASTE 
DRAWINa  BOARD  PASTS 
LIQUID  RASTS 
OFFICE  PASTC 


VCOETABLC  GLUK,  rrc. 

Are  Ihe  FiMStairi  Best  6Mdt  8f  Their  Kind 


EmaocipBte  yourself  from  the  use 
of  corrosive  and  ill-smelling  inks  and 
adhesives  and  adopt  the  Higgins 
Ink*  and  AdheslvM.  Ttaej  will 
be  •  nrabtioo  to  jroa«  thqr  •»  so 
nMrtt  dtaa  aad  veil  pat  an.  For 
hom»t  offios  or  acbool  OMUMf  am 


AT  DEALERS  OENEBALT.Y 


CHAS.  M.  HIGGINS  &  CO.,  Manufacturers 

Branches:  Chicaoo.  London  ?71  Ninth  Street,  BROOKLYN,  N.  Y. 


MIDGET  SLIDE  RULE 

8  in.  lo«c.  with  Ma«nifyinc  CUm  lodicalor 


Write  for  CirculBr  No.  ft 

KOLESCU  &  CO.,  138  Fdtm  Street 

New  York 


R.  SEELIG  &  SON 

168  East  Madison  St.,  ChicagOp  111. 

MANUFACTURERS  OF 


Js  Patent 
Telescope  Wye  Level 


Umiimr 


BUFF 


£NGIN£,£KING 
INSTRUMENTS 


a  mm 

Company 

Jmbmci  Plwa  SllliM 

B^^^^O^If  ft4A^H» 
Send /or  Catalogus  87. 

The  "Buff" 
is  soM  by  what  the  iostniment  does  in 
thefieUhiCiMriicii«lhi 


L  G.  RUEHLE  &  CO. 

119  PdhM  Sb,  NBW  YORK 

mi  bqMNrten 


ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 

DRAWING  MATERIALS 


THE  GREATEST  TIME  SAVER  IN  IXItTENCE 


THEEN< 
engineci 
tac  aadi 


HE  ENGINEERING  DIGEST  ahould  always  be  on  the  Ubrary  table  of  every 

engineer.    It  is  a  constant  current  reference  to  ell  articles  of  importance  in  the  engineer- 

of  Engl—o fhg  SocMioo  of  Ih*.  wotUL 
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INDEX  TO  ARTICLES 

AUTOMOBILES 


Ponivcjrilnder  vs.  Six-crthidcr  Bngino*!. 

Gasoline  Bncliies  for  AutomoblleB.  David 
Fergvfloa.  Canter's  Mag — Dec,  07.  7  flga. 
1600  w.  40c.  A  comparison  between  Amer- 
ican four-cylinder  and  six-cylinder  vertical 
types. 

Fiench  Antomoblle  Sltaaklon. 

The  Automobile  Situation  In  France. 


Jacques  Boyer.  Cassler's  Mag — ^Dec.,  07.  16 
flgs.    3400  w.  40c. 

Motor  Car. 

Engine  of  Steam  Motor-Car.  Engg — Nov. 
to,  07.  8  figs.  900  w.  40c.  Describes  a 
nev  tyi>e  o£  steam  motor  for  use  In  automo- 
bile*. 


aVIL  ENGINEERING 


BRIDGES. 

Arch  Design . 

Enipirk-ism  and  Error  in  Arch  Design. 
Charles   M.   Comstock.     Bng  News — ^Nov. 

28.  07.    3500  w.  20c. 

Uridgc  Aiiproaclu's. 

Curved  Girder  Approach  Viaduct  of  the 
Auateriltz  Bridge  over  the  Seine.  L.  Blette. 
GMnie  Clvtt.— Deo.  7,  07.    34  figs.  3B00  v. 

60c. 

The  Quecus  Approach  to  the  Blackwell's 

Island  Bridge.  New  York.    Eng  Reo — ^Dee. 

7,  07.  8  figs.    3600  w.  20c. 

C«ucrctc  Bridge. 

Concrete  Bridge  1,200  Feet  Long.  Cem 
Era — Dec,  07.  3  figs.  1600  w.  20c.  De- 
scribes the  12-span  bridge  over  the  Manmee 
River,  near  Watervllle,  Ohio. 

Method  and  Cost  of  Molding  Lniie;ij  Con- 
crete Slabs  for  Girder  Bridges.  Engg-Ooatr 
—  Dnr   4,  07.    2  flgs.    1200  w.  20c. 

(Quebec  Bridge. 

The  Pboenlxvtlle  Testimony  in  the  Quebec 
Bridge  Inquiry.  Bng  Neva— Nov.  28»  07. 
2500  w.  20e.  Gives  eoplone  estraeta  from 

the  testimony  of  the  president,  manager, 
chief  inspector  and  engineers  of  the  com- 
pany. 

Stresses  iu  Bridge  Members. 

The  Breaking  Strength  of  Latticed  Bridge 
Members.    L.  Orandtl.    Z  V  D  I — ^Nov.  23. 

07.    2000  w.  60c. 

Working-Stresses  In  Steel  Construction. 
C.  A.  P.  Turner.  Eng  .News — Dec.  12,  07. 
4:100  w.    20c.    Discusses  some  featuren  of 

ii.-t  al  s]jt  i  Iflcatlons  and  their  applicability 
to  sirueiureg  of  extraordinary  sisc 

ViadiictM. 

Reinforced  Concrete  Viaduct  on  the  Rich- 
mond and  Chesapeake  Bay  Railway,  Rich- 
mond, Va.  Eng  News — ^Dee,  12,  07.  11 
flgs.   1300  w.  20c 


The  Woodbury  Viaduct.  Eng  Rec — Dec. 
14,  07.  6  flgs.  1900  w.  20c.  Describes 
the  doubie-track  platt'-Kirder  viaduct  of  the 
Erie  &  Jersey  H.  R.  at  Woodbury,  N.  J., 
having  a  height  of  about  12  fott  and  a 
length  of  fiOO  feet  between  face  walls  of 
approachea. 

E.\RTinVORK,  ROCK   t.XCAV.lTIUX,  ETC. 

Gravel  Beds,  Working  of. 

Methods  of  Working  Gravel  Beds  In  Cen- 
tral Indiana.  fingg-Cootr — Nov.   13,  07. 

000  w.  20e. 

Large  Dump  Cars. 

Dump  Cam  of  Large  Capacity  for  Con- 
struction Work.     Eng  News-  Dec.    12,  u7. 

1  fig.  lOuU  w.  2Uc.  Describes  cars  of  12 
to  18  cu.  yds.  capacity  which  are  dttp^ped  by 
comprPRsed-air  apparatua. 

Loading  Damp  Wagons. 

Method  and  Cost  of  Lpadlng  Dump  Wa- 
gons from  an  Ingeniously  Designed  Hopper 
or  Table.    J.  C.  Black.  Engg-Contr — Dee. 

11,  07.     J  fisfS.     5100  w.  20c. 

Railway  Kittbankments. 

Cost  of  Making  Railway  Bmbankmenta 
with  Wheelbarrows.  Showing  the  Economy 
of  Pleoe-Work.  Wllmer  Waldo.  Engg- 
Contr — Dec  4.  07.    1200  w.  20c. 

ENQOnBERINO  CONSTRVCTIOHr. 
Bnllding^. 

Can  Earthquake-Proof  Huildingri  iie 
Erected?  L.  J.  Mensch.  .Aidi  &  Engr  ni 
Cal — Nov.,  07.  2300  w.  40c  Paper  read 
before  the  San  Francleeo  Cbapt«r,  A.  I.  A. 

Data  on  Terra-Cotta  Brick  Flreproollng. 
Engg-Contr — Dec  4,  07.    700  w.  20c. 

Kii  riM  ODt  Construction. — II.  M.  M.  Sloan. 
Arch  *c  BiUrs  Mag — Nov.,  07.  8  flgs.  3600 
w.  40c. 

Fire  Protection  System  of  the  American 
Dock  Stores.  Frank  Sutton.  Eng  Rec — Dec.  7. 
07.    3  flgs.    2400  w.  20. 


Digitized  by  Google 


THE  EXGIXEERIXG  DIGEST 


89 


COMPRESSED 
AIR 


The  final  authority  on  Pneu- 
matic* ;  edited  by  experts ; 
addressed  to  practical  men. 

Are  You 

An  Engineer? 
An  Architect? 
A  Contractor  ? 
A  Manufacturer? 
A  Railroad  Man? 
A  Mine  Manager? 
A  Coal  Operator? 
A  Foundryman? 
A  Quarryman  ? 

Everything  relating  to  compressed 
air  practise  from  all  over  the  world 
will  be  placed  before  you  monthly 
if  you  are  a  subscriber  to 

Compressed  Air. 

A  new  volume — No.  I  3 — begins  with 
January,  1908.  Subscribe  now  and  get 
the  complete  volume  (or  the  year. 

$1.00  per  year — U.S.  and  Mexico 
$1.50  per  year — Canada  and  abroad 

S*mple  copy  on  r«que*t 

Compressed  Air 

Bowling  Green  Bldg.,   New  York 
EASTON,  PA. 


EVERETT. 
McADAM 
Continuous 
Electric 

Blue 
Print 
Machine 


MOST  economical,  least  current,  beet 
contact,  easiest  to  operate,  most  com- 

f)act,  uniform  in  tone,  variable  speed,  noise- 
esB.  Uses  mercury  vapor  lamps;  no  carbons, 
tracitiK  cloth  or  celluloid  belts  to  renew. 
Prints  a  mile  long  with  no  streaks. 

A*k  for  lUt  fir**  100  a—n 

REVOLUTE  MACHINE  CO. 
527  West  45th  St.,      New  York 


Wooden  Tanks 

UT  SQE  ra  SHAPE 

STEEL  TOWERS 

A.<«V  HEI4SHT 
Mamifactorad  bjr 

THE  BALTIMORE 
COOPERAGE  CO. 
Uarilwla  Street       Baltimre.  Mi. 


SELF  EDUCATION 

TEACH  YOURSELF  AND  INCREASE  YOUR  WAGES 

ONLY  DRAKES  PIAINIY  WRITTEN 

PRACTICAL  BOOKS 

CAN  TEACH  YOU  WITHOUT  THE  AID  Of  INSTRUCTORS 


Kverr  volutni-  iMHi|tlv«  ly  UP-TO-DATE  niirl  w  rittpti 
in  a  lant;iini;>>  plain  that  I'vt'ii  n  i  hllit  cnii  iiinlt-r 
-tiiml  DRAKE  k  iIii-  lnrk''--t  iitililiNticr  <>(  Modern 
Mackanic*!  Boole*  for  home  and  ahop  ktady  in  lha 

world.         iml'Ii-ti  good  I  >i^  on  cvt-rr  mri  diiTili-ul 

oiiNjiH't  Our  lar(«  Ulu*trated  Calaloc  now  roady. 
Sent  fre«. 

I  RF.DERICK  J.  DRAKE  &  COMPANY 
350  Waba«h  A««nu«        CHICAGO.  U.  S.  A. 

In  ordcrine  nur  oiahiK  plea»e  mention  this  pupiT. 
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The  Design  of  75-ft.  Relnforced-Concrete 
Girders  for  the  Mammoth  Garage,  White 
Plains,  New  York.  C.  E.  Tirrell.  Eng 
News — Dec  li,  07.  8  figs.  5500  w.  20c. 
Gives  detail  drawings  and  ealculatlona  for 
flexure. 

The  Praneo-Brltlali  BxblMtlon  of  1«08. 

Engg- Nov.  29,  07.  29  figs.  1200 
w;  Dec.  C.  3  ttgs,  800  w.  Each  40c.  De- 
scribes the  construction  of  the  Machinery 
Hall  and  the  Stadium  for  the  Olympian 
games. 

The  New  York  Public  Library.  Am 
Arch— Nov.  23,  07.   25  figs.   1400  W.  SOe. 

Two  New  Record-Brtaklnp  Office  Build- 
ings In  New  York  City.  Eng  News — ^Dec. 
5,  07.  10  ligs.  0;'.UO  w.  20c.  Gives  de- 
tails of  the  coutttruction  of  the  Singer  and 
City  Investment  Buildings. 

Underground  Railway  Station  with  Re- 
Inforeed-Conerete  Arebed  Roof.  H.  Loe- 
sler.  Baton  u  Blaen— Nov.,  07.  11  figs. 
3000  w.  II. 

OalwMMt  Diiease. 

The  Cauae*  Treatmant  and  ProTentlon  of 
the  "Bends,"  aa  Ohierred  In  Calwon  Oia- 

ease.  Prof.  J.  R.  Macleod.  Jl  Assn  Boor 
Socs. — Nov.,  07.  11000  w.  60c.  Paper 
read  before  the  Civil  Bnglneers'  Clttb  Of 
Cleveland.  May  14.  07. 

Own  cat  Pl|ioa» 

Cost  of  Molding  and  Method  of  Testlns 
Small  Cement  Pipes.  Engg  Contr — Dec.  i, 
07.  1  flg.  2300  w.  20c.  Abstract  from 
a  paper  by  Albert  Eugene  Wright,  in  the 
California  Journal  of  Technology  for  Oct., 
07. 

C'outluits. 

.VIethods  of  Laying  Conduit  Systems. 
Engg-Contr — Dec.  4,  07.  5  figs.  1900  w. 
20e. 

Cormgftted  8hr«diig, 

The  Strength  of  Cormgatod  Bheetlng. 
Bng  New*— Dec  18,  07.   SOO  w.  80e. 

Dams. 

.Methods  and  Cost  of  Making  Two  Hy- 
draulic Fill  Dams.  Bngg-Contr — Not.  13. 
07.    3  flgs.    3200  w.  20c. 

The  I'rf  Dam  and  Hydro-Electrlc  Power 
Distribution.  Eugg — Nov.  29.  07.  1  flg. 
4oO(t  w.  4Uf.  Describes  the  dam  of  the 
second  largest  reservoir  in  Europe — la 
Rhenleh  Prnsala. 

Pipe  Line  for  Oil. 

Rifled  IMjJc  Liue  for  Coiiveylnjj  Oil  ou  the 
Southern  Pacific.  Ry  Akv — Dec.  13.  07. 
0  IIks.  3200  w.  20o.  Describes  the  vise 
of  an  s-lnch  rifled  pijie  which  overcame  dif- 
ficulties previously  eicperienced  In  pumping. 

Relnforced-Concrete  Coniitructlon. 

A  Ft-"\v  Tests  and  Experiments  with  Keln- 
forccd  concrete.  H.  T.  Surtees.  Enj^  Her — 
D.'c.  14,  07.  16  figs.  :;Ouii  w.  L'dr.  (Jives 
results  of  teats  on  various  mixtures  and 
also  deHtruettva  teata  of  raintorced'conerate 
columns. 


Artistic  Expression  of  Steel  and  Concrete. 
C.  Howard  VSalker.  Cera  Era — Dec  ,  o7. 
3300  w.  20c.  Read  before  the  Foriy-flrst 
Annual  Convention  of  the  American  Instl- 
tute  of  Arehlteds,  Chicago,  Nov.  10-20,  07. 

Faults  of  Relnforced-Concrete  Design  and 
Construction.  H.  F.  Porter.  Bngg-Contr 
--  Nov.  13,  07.    2600  w.  20c. 

Reinforced  Concrete:  Some  Simple  For- 
mulas and  Tables. — IV.  Ernest  McCul- 
ioagb.   Gem  Bra — ^Dec.,  07.    4400  w.  20c. 

Reinforced  Concrete  Beams.  Bng  Ree— 
Dec.  14,  07.  2  figs.  400  w.  20c.  Gives 
diagram  for  the  design  of  beams  used  on 
U.  S.  Reclamation  Service  Work. 

Relnforced-Concrete  Building  Laws:  their 
Differences  and  Deficiencies.  H.  C.  Hutch- 
ins.  Eng  Mag — Dec..  07.  16  figs.  5800 
w.  40c.  Gives  the  laws  of  various  cities, 
eomparlag  them  to  point  ont  the  need  of  a 
standard  bnllding  code,  which  should  be 
adopted  by  all  cities. 

The  Design  and  Cost  of  Relnforced-Con- 
crete Floors  of  Substructures.  Waterproof- 
ing—  Dec.,  07.  1  flg.  aoO  w,  20e.  Dis- 
cusses the  economical  use  of  relnforo'd  con- 
crete to  resist  water  pressure  occurring  in 
cellars  and  other  substructures  dtuated  li»> 
low  the  ground-water  level. 

The  Vierendeel  System  of  Relnforeed- 
Concrete  Girders  for  I.ohk  japans.  F.  Ge- 
bauer.  Beton  u  Elscu — .Nov.,  U7.  5  figs. 
2[.00  w.    |1.  Continued. 

Ke««rToir8,  Prevention  of  Seepage  in. 

Lining  Ditches  and  Reservoirs  to  Prevent 
Seepage  Losses.  Bng  News— Dec.  S,  07. 
1  tg,    2800  w.  20c. 

Blvetcd  Joints. 

An  investigallou  of  Some  of  the  Com- 
moner Defects  in  Riveted  Work  upon  the 
Strength  of  Joints.  J.  C.  Black.  Cb!  J!  of 
Tech— Nov.,  07.  15  figs.  3000  w.  l!()c. 
Gives  results  of  experiments,  some  of  which 
are  contrary  to  ««nerally  aocepted  practice. 

Boof.s. 

A  Li^ht  Roof  Girder  .Systeiii  lu  a  Reln- 
forced-Concrete Garage.  Eng  News-  Dec. 
12,  07.  a  figs.  3200  w.  20c  Gives  de- 
tails of  roof  system  containing  glrdera  of 
very  bold  design. 

Roofs. — V.  Ry  Engr — Dee..  07.  S  llgs. 
2300  w.  40c.  Considers  a  few  cases  of 
ambiguity  and  of  irregular  or  uosymraet- 
rlcal  loading,  working  them  ont  by  graph- 
ical methods. 

Sewer  (Reinforced  Concrvto). 

A  I<arge  Relnforced-Concrete  Sewer  in 
the  Borough  of  Queens,  New  York  City. 
Eng  Rec — Nov.  30,  07.  6  figs.  2600  w. 
20c.  Descrlbea  a  circular  reinforced-con- 
crete  trunk  aewer,  varying  from  SVfc  to  15 
ft.  In  diameter,  to  serve  a  2.150-aere  area. 

SnK'ke  Stjuk  and  Water  Tower. 

c'oiiiMtK'd  Smoke  .^t;i<k  aud  Water 
Tower.  C.  I.ui  tty.  Heion  n  Eisen — Nov., 
07.  G  (iL's.  jixi  \v.  $1.  !)«>scrlbes  a  rein« 
for'cd  idut  t't'ti'  srnn  ture  in  Shanghai,  bnllt 
according  to  the  Intz  system. 
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Ten  Minutes 

A  Month  is  all  that  is 

^^^^^  necessary  to  learn  what 
■^^^"articlcs  of  specific  inter- 
est in  your  line  have  ap- 
peared during  the  pre- 
vious month  in  the 
technical  periodicals  of 
America  and  Europe. 
The  Engmeering  Digest  in 
each  issue  gives  a  classi- 
fied descriptive  listingof 
all  articles  of  importance 
appearingin  the  current 
technical  press. 

CONSULT  IT 


HERE  IS  AN  OPPORTUNITY 

to  obtain  the  INDUSTRIAL  MAGAZINE  for  one  year,  which  will  contain 
some  specially  written  articles  by  prominent  engineers  of  wide  experience. 

Some  of  the  principal  authors  and  their  subjects  are: 

Lindon  W.  Bat«t  (lAveral  articles)!  Panama  Canal 

J,  W.  King  :  Inductrial  Railway*  and  Their  Ute«  for  Manufactaring  Planta 
R.  H.  Beaumont  :  Power  Station  Coal  and  Aah  Conveying  Probl«ina 
H.  J.  Cole  :  Reinforced  Concrete  and  Pneumatic  Foundation* 
F.  W.  Hack.taff :  Tranamisfion  of  Power  by  Rope 

The  above  articles  consist  of  about  97,500  words  and  35  new  photographs. 
THE  INDUSTRIAL  MAGAZINE  is  well  edited  and  printed  on  fine 
stock,  and  is  worth  four  times  its  subscription  price. 

Send  us  your  order  with  One  Dollar  ($1.00)  for  a  year's  subscription. 
Sample  copy  sent  on  request 

THE  bnxjSTRiAL  Magazine 

1825  Park  Row  Building,  New  York 
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Factory  Time 


^'rn  n  ^^^^^ 

I  \J  They  are  being  used  more 

Q  Q'/  and  more.    Write  for  onr 

^    ^   Cj/    pamphlet,  "Time  Checks 
and  Their  Use." 


American  Railway  Supply  Co. 

Address  Dept  S,  24  ?uk  Place,  N.  Y. 


Rife  Hydraulic 
Ram 

Pumps  Water  by 
Water  Power 

Town  Water  Works 

Railroad  Taahi   Ceuntry  Hamei   Irriialion  GrvcntMviei 
Nfl  Atteatian   Hi  Eipeau    Ium  CeatiiiMBily 

OperalioB  under  16  iocho  lo  iO  ied  (all.  EJrrilef  water  )0 
feel  each  fool  ol  f*J I.  6.000  ia  tuccoihil  ofierslioa.  SoM  on  30 
day«'  trial.    Catalog  and  esliraale  free. 

RIFE  HYDRAULIC  RAM  COMPANY 
2160  Triahr  Buildiai  NEW  YORK 
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Method  of  Mixing  and  Placing  ConcretA 
for  a  Tunnel  Lining.  Engg-Contr — Dec.  11. 
07.    5  flgs.    1400  w.  20c. 

The  Commercial  Aspects  of  Presont  and 
I    Proposed   Alpine    Railway    Tunnels.  Eng 
.  News — Dec  i,  07.    1  fig.    6000  w.  20c. 
The  lUllan  ApproadiM  to  tlw  Sbwlon 
Tunnel.  Bnif--Nov.  22.  OT.  24  flgs.  2200 
w.  40e. 

Tlie  Loetschbers'  Tunnel  and  Its  E(  hit  ion 
to  Alpine  Railway  Routes.  Eng  News — • 
Dec.  5,  07.    2  flga.    3900  w.  20c. 

Tbe  Tunnel  nod  River  Shalt  of  tho  De- 
troit Wnter  Work*.  Jnniee  Sltdhle.  41 
Ann  Ungg  Sooe. — Nov..  07.  2700  w.  60c. 
Paper  read  before  the  Civil  Bng1ne«r8'  Club 
Of  Cleveland,  May  14.  07. 
;  Tunneling  with  Telescopic  Tub«s.  Bagg- 
Contr— Nov.  13,  07.     300  w.  200. 

A  Few  Potnta  of  the  Waterproofing  ot 
■  Saveratractnteo.    NenI  Fkmhan.  Waters 
proofing— Not..  07,   1200  w.  2«e. 


Efficiency  of  Cement  Joints  In  Joining  Old 
Concrete  to  New.  Eag  News — Dec.  12,  07. 
1  flg.  900  w.  20c.  Gives  results  of  French 
experiments,  showing  the  value  of  a  cement 
waah  In  Joining  now  eonoroto  to  old. 

Portland  Cem^t   K.  X.  Bainber.  Bngg 
— ^NoT.  29,  07.    lOOO  w.    40e.    A  commu- 
nication criticizing  the  revised  British  stan- 
^    dard  specifications  of  Portland  cement. 

The  Modern  Manufacture  of  Portland 
Cement. — ^I.  Brltiah  Clajr  Wkr— Nov.,  07. 
4  flga.    1000  w.  40c. 

>Rwt  Pvefentimi. 

Rust  Prevention. — 11.  L.  M.  Stern.  Ir 
Age — Nov.  28,  07.    1  flg.    5500  w.  20c 

Btoel. 

Breaking  Tests  of  Nicked  Bars. — I  TIcrr 
Ehrenberger.  Z  V  D  1 — Dec.  14,  0  7.  4 
flgs.  300«i  w.  60c.  Describes  tests  ou 
carbon  and  alloy  steels  by  means  ot  a  pen- 
dulum hammer  teoUng  madilno. 

New  Special  Structural  Shapes.  Tly  Age 
— Nov.  29,  07.  4  flgs.  1600  w.  20c. 
Describes  new  ntc*!  beam  Beclloiis.  knowu 
a«  the  Uf'thl.liem  Ste*»l  Co.  beanm,  whitli 
have  \sidt  I  llangcs  and  a  lesser  proportion 
ot  material  in  tbe  web  than  tho  American 
ttandard  beams. 

F^pcc  mi  alien  for  Iroo  ODd  Steel.  Dr. 
Kldiani  .MoldcBke.  Ir  Tr  Rev — Dec.  5,  07. 
230(1  \v.  20c.  A  paper  i)resented  at  the 
New  York  iDec..  07)  meeting  of  the  Amer- 
Idan  Society  ot  Mechanical  BnginoerB. 

Tinibrr,  Preservative  Treatment  of. 

Preservative  Treatment  of  Poleo  hj  the 
Open-Tank  Process.  D.  A.  RockmAl.  El 
Wld— Dec.  14.  07.   2100  w.  20e. 


The  Life  and  Preservation  of  Pitch-Piue 
Fence  Posts.  Eng  Mews — Dec.  12.  07.  1200 
w.  20c.  Abstract  from  BttUetln  No.  75. 
of  the  Wyoming  Experiment  Station. 

Tbe  Treatment  of  Fence  Posts  to  In- 
crease Durability.  Hugh  P.  Baker.  Water- 
proofing — Nov..  07.    6  figs.  20c. 

m 

RIVEBa.  CANALS.  HABB0B8. 
Canal  Locks. 

Loeka  and  Inclined  Ratlwnya  for  CamUa. 

B.  Bertschinger.  Z  V  D  I — Dec.  7, 
07.  33  flgs.  5000  w.  Dec.  14,  4  flgs., 
1500  w.  Each  60c.  DiacusBes  the  utility 
and  efllciencjr  of  various  methods  of  trans- 
ferring canal  bonta  from  one  level  to  an- 
other. 

The  Ship-Lift  on  the  Dortmund-Ems  Ca- 
naL  R.  R.  Oas — Dec  6.  07.  4  flgs.  800 
w.  20c 

Coal-Storage  Whnrt. 

A  LArge  Coal-Storage  Wliart  at  Superior, 
Wisconsin.  Eng  Reo — ^NoT.  20,  07.  6  flga. 
2600  w.  20c. 

Dredge. 

Hydraulic  Dredge  Used  on  the  New  York 
State  Barge  Canal.  Ballo  Low.  Bng  New* 
— ^Dee.  5.  07.   2  flga.  1200  w.  20e. 

Floating  Dock. 

Floating  Dock  at  Rotterdam.  Bngr 
(Lond)— Dee.  6,  07.  6  flga.   1100  v.  iOe. 

Hariior  Wortcs,  Dover. 

The   Harl)or   Wi)rka   at    Dnvf  r,  England. 

C.  O.  fiurge.  Eng  Rec — Dec.  H,  07.  1  flg. 
1400  w.  20c 

Land  R(H-Ianiarlnn. 

Land  Keclumation  in  Holland. — II.  Engr 
— Nov.  29,  07.     2300  w.  40c. 

Method  and  Coat  of  Surveying  end  Re> 
claiming  Wet  Farm  Land.  Bngg-Co&tr*» 
Dec.  4,  07.    4  flgs.    2200  V.  20c. 

On*  Dock. 

First  Steel  Ore  Dock  on  the  Great  Lakes. 
Ir  Tr  Rev  Nov.  28,  07.  r.  ties.  2400  w. 
2 1)1-.  Describes  dock  being  built  by  tbe 
r tilted  Slates  steel  Corporation  at  Two  Har- 
bors. Miim. 

Paiuuim  t  luiai. 

Annual   Report  of  the   Isthmian  Canal 
ComTnlsslon  to  the  Secretary  ot  War.  Eng 
News— Nov.  2.S,  07,  B  flgs.  10,000  w.  20c 
A  reprint  ot  tboee  parts  of  Interest  to  en- 
gineers. 

Ciindlilons  Along  the  Panama  Canal. 
Eng  Kec — Nov.  30,  07.  6  ligs.  C500  w. 
20c 

Her. 

Concrete     ( Ou-su  iu  tlou    at  Jamestown. 
Percy  H.  Wthoii     Cem  Age — De*  .  07,  9 
figs.    2  300  w.     20c.    Describes  two  per- 
*  manent  structures:  the  Government  Pier  and 
the  History  Building. 
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Publishers'  Co-operathre 

Company,  Inc. 

STOKES  BUILDING.  333  FOURTH  AVE 
NEW  YORK  CITY 

Telrphonr  :  j^^'JO  .Mkduon  S<j  imtm 

Supplies  10  puyuKert.  en^aeerinq  anH  tummrrrml 
hoUK*,  technical  iocietie*,  and  individuals : 

TramlaboM  |p  Md  from  European  and  Oriental  Lan- 
guage* of  book*  and  eorrapondeaee. 

Litcr»ry  editing  of  reports.  »cicntific  worlu  *I6« 

General  editorial  work  for  periodical*. 

Data  for  aBCfclapodiai.  and  for  worit*  on  aria  and 

•rimce*. 

Indexing  of  technical  periodical*  and  books. 
Editorial  proofreading. 

Prrparation  of  a^-lvp'ti«.i-q  matirr  fof  tecllBKal  boiMM 

Booli  reviews.    Book  catalogs. 

Reiearch  work  in  libraries,  colleelion  of  Ktanry  ma- 
terial on  special  aubfccli. 
Compling  of  faftranca  and  Mit>bookh  trado  cala- 

lOQIMIt  dC* 

Term*  /krmMhed  cm.  ap^iatthn.  • 


Our  Fall  Catalog 

of  Technical  Books 

containing  over 
200  pages,  is 

Now  Ready 

and  will  be  sent 
to  you  FREE 
on  application. 

Lists  many  leading  works 
on  Engineering. 

SPON  &  CHAMBERLAIN 

us  T.  L  Ukify  Strcd,  Nnr 


A  Matter  of  Cost 

If  you  could  send  your  circular  letters  to  the  5000  engineers,  de- 
signers, constructors  and  other  technical  men  who  read  each  issue 
of  The  Engineering  Digest  it  would  cost  for  postage,  at  two  cents 
each,  just  $100,  besides  the  cost  of  envelopes,  printing,  labor,  etc. 
For  less  than  the  cost  of  sending  out  one  circular  letter  you  can 
tell  your  story  for  three  months  to  these  5000  men  through  an 
advertisement  in  The  Etij^neerinsDIgiBst  making  a  direct  appeal 
to  a  large  and  powerful  buying  audience.  Sixty  per  cent,  of  your 
letters  are  thrown  away  unread  but  The  Engineering  Digest, 
on  account  of  its  character,  is  read  and  preserved  for  the  future; 
consequently,  an  advertisement  in  it  would  be  alive  for  years. 

Rates? 

The  Engineering  Digest,  220  Broadway,  New  York 


PntroBfM  BN0IKBBR1NO  DIOBST  Advartiaan  Wken  Too  Can. 
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ECONOMICS 


Depreciation. 

Tb«  Cost  of  DepredatioQ.  A.  S.  Atkln- 
•OB,  Biigr— Dacb  2.  07.   ITOO  w.  tOc. 

Bnf^neering  Rdnratlon. 

Engineering  I-aboratory  Instruction.  W. 
W.   F.    PuUen.     Mech  Engr — Nov.    16,   0  7. 

44  00  w.  40c.  Paper  read  at  a  meeting  of 
the  AsiiociHiiua  ot  TeMhen  la  Teelmlcal 
InsUtutloiu. 

TiM  PtiiM  of  the  Laboratory  In  tbe  Train- 
ing of  Engineers.    Prof.  A.  L.  Mellaabjr. 

Mech  Bng — Nor.  23.  07.  S  figs.  2S00  w. 
40c.  Read  before  the  Institution  of  Engi- 
neers and  Shipbuilders  in  Scotland,  Nov. 
19.  7 

Fmctwr  MMMgement. 

■  Bcoaomk  OonaidoratleM  la  (ho  lISMte- 
m«nt  of  Plaat.  W.  H.  Paidien.  Hagf — 
Nov.  22,  07.    5600  w.    40e.    Addraaa  of 

the  president,  November  in,  07,  befottt  tho 
Association  of  Englueers-ln-Charge. 

Intonaifled  Production.  A.  Hawkes.  ACech 
Engr — Dec.  7,  07.  4100  w.  40c  IHacuMea 
tho  praettcal  qm  of  faetorr  aooouata. 

ProAt-MtoUag  in  Shop  and  Factory  Man- 
:  agement.    C.  U.  Carpenter.    Bng  Mag- 
Dec.   07.     2G00    w.    .  40c.     X. — Effective 
Organisation  in  tbe  £xecutive  Management. 


Filing  and  Indexing  Data. 

Filing  and  Indexing  Useful  Data.    O.  W. 

Lee.  Librarian  Stone  &  Webster.  Elec  Trac 
Wkly — Nov.  28,  07.    7  figs.    1300  w.  20c. 


A  Rising  Industrial  Prrt  l  ni  Tho  New 
Apprenticeship.  George  Stratton.  Eng 
Mag- -Dec,  07.     6900  w.  40c. 

How  Shall  We  Train  Boys  Who  Are  to 
Become  Machinists?  W.  L.  Hardy.  Am 
Hach — ^Dec.  12,  07.    900  w.  20c. 

Rational  Trades  Instruction.  0.  M.  Beck- 
er. CasBler's  Mag — ^Dec.,  07.  14  flga. 
4100  w.  40c. 

Fsatenta. 

The  Infringement  of  Patents.  John  Bd- 
■oa  Brady.  Elec  Wld— Dec  7,  07.  2800 
w.  20c. 


Secrecy  in  the  Arts. 

S^racy  in  tho  Arta. 
Bag  Ree — ^Dec.  7,  07.  7 


Jamaa  Dougiaa. 
4S00  w.  20c. 


A  DisciuBioo  of  Smoke  Prereatioo.  Ens 
Rec — Dec.  14,  07.    2700  w.    20o.  Report 

of  committee  of  the  Chamber  of  Commerce 

of  Syracuse.  N.  Y. 


ELBCTRICAL  ENGINEERING 


KLECTROPH 1 SICS. 

Armature  KeacCton  of  Synchronons  Motor. 

Representation  of  Armature  Reaction  of 
the  Synchronous  Motor  as  an  Equivalent 
Reactance     A.  S.  Laogadorf.    ■!  Wld.  4 

figs.     1500  w.  20. 

Dielectric  Strength. 

The  Dlolectrlc  Strength  of  Insulating  Ma* 
taiiala  aad  the  Oradlag  of  Cablea.  Alez- 
aader  Raaaen.  El  Bagr — Vaf.  22,  07. 
2200  w.  40c 


y  Tran-HformatlODs. 
Energy  Transformations  from  the  Elec- 
trical   Engineer's   SUndpolnt. — I.     H.  M. 
Hobart.    Blec  Rev — Dec.  14,  07.    2  figs. 
SOO  w.  20c 

lit^^akago  of  Induction  Motors. 

The  Leakage  of  Induction  Motors. — I. 
R.  Goldschmldt.  Elecn — Nov.  25,  07.  13 
figs.  3000  w.  40c.  Describes  methods  for 
calcalations  of  no-load  current  and  leakage 
la  ladttctloa  motors. 

Maagaain  Resistances. 

I'hc    \';iii.ir|(iii  Mnr)i;.iniii    U'';^ist .nice.s 

with  AtniOHphi  iir   Huuiidity.     E.   B.  iiOsa. 
Elecn — Nov.  i:,  uT.    4000  w.  ^Oc.  Main- 
'  tains,  as  against  recent  arguments,  tbat 
theae  variatlooa  are  of  importaace. 


Resonance. 

Resources  in  Alternating  Carreat  Clr> 
cuits.  F.  Grunbaum.  Eiek  Zelt — NOT.  21, 
07.  4  figs.  5000  w.  40c  Discuaaee  aiath- 
ematlcally  the  condltioos  for  yartona  oaases 
of  resooaaoe. 

Spark  CoUs. 

The  Design  aad  Operattoa  of  Spark  Colla. 
F.  W.  Springer.    Bl  Wld— Dec  14.  07.  9 

figs.    7000  w,  20c. 

Transient  Electric  Plienomeaa. 

Traastoat  Blectrle  Phaaomeaa. — h  C.  P. 

Stelnmets.  Ctoa  B^e  Rof^Dec,  07.  6 
flgs.    4600  w.  20c. 

GKNERATORS,  MOTORS,  TRANSFORMERS. 


Characteristics  of  Electric  Motors.  E.  H. 
Anderson.  Am  .Mach  Dec.  12,  07,  1  tig. 
2500  w.  JOc.  Shows  how  the  work  to  be 
done  determines  a  motor's  continuous  and 
int<  rniitteat  capacity  aad  Its  deslga  and 
rating. 

Direct-Current  Motors.  Their  Action  and 
C<mtrol.  P.  B.  Crocker  aad  M.  Arendt. 
Blec  Wld— Dee.  7,  07.    2000  w.    20c.  II. 

■  Shunt  motor  problems. 

KeLjnl.aion  of  Repulsion  Motors  by  Means 
nf  Sliiftlnt^  the  Brushes.  K.  Schnetzler. 
Elek  Zelt— Nov.  H,  07.  12  figs.  3500  w. 
Nov.  21.  0  figa..  3000  w.   Badi,  40c 
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Architects^  and  Builders^  Magazine 

THIS  Miigazine  is  devoted  to  describing  and  Uluetrauut^  the  artisUCi  technical  and  con- 
■tfoctive  features  of  modern  bnilding. 
While  it  gives  conBiderable  space  to  illuetrations,  it  is  by  no  mpana  a  mere  picture 
book,  but  fut«;rti  carefully  into  ail  the  constructive  and  engineering  features  of  ita 
buildings,  such  as  foundati<ins,  fliepioollng,  ete.,  ghrinf  thi»  beat  piictioa  of  tbe 
leading  architects,  engineers  and  builders. 

In  addition  to  treating  recent  etructurea  iu  this  full  and  elaborate  manner,  there  appear 
from  ni<int]i  t  >  ntunth  serial  and  special  articles  on  t<>chnical  mbjecte,  tonal  qoeitiOlM  albmag 
architec    iiud  builders  and  other  matters  of  current  interest. 

The  aim  of  the  publishers  being  to  fumiili  an  np<loHliite  monthly  fopwenting  the  laleat 
and  best  ideas  of  the  architectural  profession. 

A  new  article  on  Fireproof  ConstructkMi 
started  with  October  Number. 

lamed  MbnUtly  tt  12.00  per  jmw.  Canada  $2.50.  Foreign  Snbaoiiptkma  fS.OO  per  year.  Stogie 

Copies  ^  cents. 

WILLIAM  T.  COMSTOCK.  Publisher 

23  WARREN  STREET,  NEW  YORK 


Ur  Send  for  Sampto  and  Club  Catalofwii  B»  with  lenna  foi  ^»fp^"v  and  Tacbnioal  library 
on  amaU  monthly  paymenita. 


There  is  a  recuon  why 

MINES  AND  MINERALS 

has  a  laTRer  paid  drctdation  amot^r 

Mine  Owners  and  Mine  Officials 

than  any  other  mining  journal 

The  reaaon  i» 

Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better  illustrated,  thaa  any  other 

It  is  devoted  exclusively  to  practical  Mining  and  Metallurgry 

SabKriptioa  Price,  ^.00  per  jear  Sample  copy  on  rcqBMl 

MINES  AND  MINERALS 

DENVER.  COLO.  SCRANTON.  PA. 

Patronlie  KNOINEBRINO  DIQB8T  AdvartlMra  m«d  TOtt  Can. 
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lUMenbcrg  (Iciierator. 

Tho  Hosf  iibeifj  Geiieiiitor.  B.  M.  Eotf. 
Gen  Eloc  Rfv — nee,  07.  i;;  figs.  ?.0iH)  \v. 
20c.  Describes  a  dviiamo  which  delivers  a 
constant  current  at  vnrinhle  speed,  and  a 
ronstant  output  at  constant  spMdi 

Turbo-GcucTrttors. 

The  DevelnjMiieiit  of  Turbo-Generators. 
Dr.  Robert  Pohl.  Elec  Engr — Nov.  29,  07. 
1  ag.  1200  w.  Dec.  6,  5  figs.,  2500  w. 
Bach,  iOc.  Paper  read  before  the  Inetltu- 
tlon  of  Electrical  BuKtneers. 

The  Year's  Progr<-Hs  in  thf  Deslpii  of 
Electric  Generators  for  Direct  Connection 
to  Steam  Turbines.  H.  M.  Hobart.  Elec 
En??K — Dec.  5.  07.    17  flg».    2300  w.  40c. 

Wiring  tvv  Motors. 

Wiring  for  Direct-Current  and  Alter* 
natlng-Curreut  Motors.  Loala  J.  Au«r- 
bacher.  Elec  Wld^Dec.  7,  07.  1€  figs. 
2600  w.  20c. 

LIGHTDfO. 
Distribution  of  Light. 

Distribution  of  Light.  Otto  Foell.  Tians 
111  Engg  Soc — Nov.,  07.  4  Hj,'s.  3  500  w. 
80c.  Read  before  the  Pittsburg  Section  of 
the  lUamlnatlnc  BuKlneerlng  Society. 

Flame  Arc  Lamp. 

A  New  p'lame  Arc  Lamp.  Engr  (Lond) 
— Dec.  t'l,  07.  3  flRS.  suu  \v.  40i-.  De- 
scribes the  novel  features  of  the  Crompton- 
Blondell  lamp. 

lacandescent  Lamps. 

Comparison  of  Glow  Lamp  Standards  of 
Different  Countries.    Elec  Bngg  (Lond) — 

Dec.  5,  07.    900  w.  40c. 

The  present  Status  of  the  Carbon  and 
Metallic  Filament  Incandescent  Lamp.s.  J. 
M.  Robertson.  Can  Elec  News-— Nov.,  0  7. 
5  figs.  4  3  00  w.  2  0c.  Paper  read  at  tho 
Annual  Convention  of  the  Canadian  Elec- 
trical AflMdatlon. 

Ulterior  IllaminatJon. 

Lighting  of  a  Large  Retail  Store.  Fred- 
ericlc  J.  Pearson.  Elec  ReT — Dec.  7,  07. 
10  flgB.  4700  w.  20c.  A  paper  read  be- 
fore the  Chicago  Section  of  die  lllnttlnaUng 

Enplnecrlng  Society,  Oct.  10,  07. 

Light  and  Power  in  the  Commercial  Na- 
tional Bank  Buikllag.    W  BlecB — ^Dec.  ?, 

07.    3  flRS.    1:000  w.  20c. 

Plain  Talks  on  Illuminating  Engineering. 
B.  L.  EUlolL  Ilium  Engr— Dec..  07.  3  figs. 
2700  w.    20c.  Xllt.— Reddence  LlghUng. 

Metcwy  Vapor  Lamp. 

A  New  Form  of  Cooper-Hewitt  Mercury 
Vapor  Ijimp.  F.  H.  von  Keller,  J I  of  the 
Frank  Inst — Dec.  ii7.  5  tli!s.  ;'t;n(i  w . 
60c.  Paper  n  arl  b.  inre  thi'  Fiankliii  Iii- 
etitii'te,  0<  t  10,  1-7.  D-  .^  riti'  s  a  lamp  dif- 
fering from  otiier  types,  principally  In  its 
structure  and  the  meaoB  for  starting  the 
arc  In  the  lamp. 


Ncrnst  Lamp. 

The  Value  of  tht  Nerusl  Lamp  to  Central 
Stations.  A.  E.  Fleming.  Can  Elec  News 
— Nov.,  07.  3000  w,  20c  Paper  read  at 
the  Annual  Convention  of  tllO  Oanadlan 
Electrical  Association. 

PhoiomeU-y. 

Curves  for  the  Calculation  of  Foot  Can- 
dles. C.  W.  Klnnej.  Ilium  Bngr — Dec. 
07.   1  flg.   800  w.  20e. 

The  Problem  of  Color  Photometry.  J.  S. 
Dow.    El  Wld — Sept.  30.  07.    4300  w.  20c. 

Street  Lighting. 

Ornamental  Street  Lighting.   E.  A.  Fisher. 
Mun  Engg — Dec,   07.     3   figs.     1600  w. 
40c.    Paper  read  before  the  American  fli^ 
ciety  of  Municipal  improvements. 

TELEGRAPHY  AMD  TBLKPHOMT. 
Kepeatlng  Coll. 

How  to  Make  and  Install  a  Repeating 
Coll.  Harrey  Flint.  Am  Tel  Jl— Dec.  7. 
07.   3  flgt.    1400  w.  20c. 

Selective  Parti'  Use  Sjrstems. 

SelectiTe  Party  Line  Byntema.    H.  P. 
Clauien.  Telephony — Dec,  07.    2700  w. 
20e. 

SlmulfanroH"*  Tclcgriiphjr  and  Telephony. 

Siniiiltanfous  Telephony  and  Telegraphy 
Over  One  Grounded  Wire.  Am  Tol  Jl — ^Nov. 
3  0,  0  7.    2  figs.    2100  w.    20c  Concluded. 

Swi  idiboarilM. 

Installation  of  Telephone  Switchboards. 
W.  J.  Stanton.  Telephony — Dec.  07.  1 
flg.    1700  w.  20c 

Teleplione  Power  Systems. 

Telephone  Power  Systems.  Thomas  Lam- 
bert. Telephony — ^Dec.,  07.   3000  -w.  20c 

Wlrrlesis  Telegraph  Rec<ivfr. 

The  Audion. — I.  Lee  De  Forest.  Sc  Am 
— Nov.  30,  07.  6  figs.  3800  w.  20c.  De- 
•cribee  a  new  receiver  for  use  in  wireless 
telegraphy. 

lilSTS  AJuD  MIfi.4SUBE.MKNT8. 

ABMiietcf  and  VoltneinF  Testing. 

Notes  on  the  Testing  of  Multi-Range  Am- 
meters and  Voltmeters  and  Low-Reading 
Voltmeters.  A.  E.  Moore.  Elec  Bngr— 
Nov.  29,  07.    2  tigB.    2200  w.  40c 

D.  C.  Dynamo  Testlttg. 

Method  of  Testing  Direct-Current  Dyna- 
mos. E.  S.  Lincoln.  Power — Dec  07.  7 
flgs.  i::>00  w.  40c.  Dc'scribep  method  of 
Tneasnrinu;    Insulation  resistance,  locating 

cDiiiiet  I  ioti!^  and  (i4'teriiiining  the  rating  and 

(  harai  teristiCB  of  a  dynamo. 

I)iele<trlc  Strength.  Measurerocnt  of. 

.\  Method  of  Measuring  Dielectric 
Strength.  S.  M.  Hills  and  T.  Germann. 
Elec  Engr — ^Nov.  28,  07.  2  llgB.  800  w. 
40c 
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^    STRUCTURAL  SHAPES  ^ 
5>ii«  Br 

7>tg  Boot  CoMPvrut  SAie»  AmtNCY 

New  Yoi(K  City. 
PRICE:  /  1.00 
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Edge's  Weight  Computer 

for  Structural  Shapes— Si.oo 

"A  Very  Useful  and  Helpful  Instrument."— AWj<;«  Construction  Cc 

It  will  rulriiliiic  uii limit  iTror  the  \v<>lK>>t  <>l  Htriirltirnl  HhapoHiil 
any  letiKtli.  wlitiout  iiiullipllouiion  <tr  rfferfncr  in  boukH  <ir  tables 


THE  weight  of  any  plate,  frum  a  small 
filler  to  the  largest  rolled  web  plate, 
can  l>e  found  in  four  or  five  seconds. 
As  shown  in  cut,  the  weight  of  a  plate 
4X>4  in  Xio  ft.  is  68  lbs.  The  Corapiitcr  is 
■o  arranged  that  the  weight  of  an  angle  of  any 
length  can  be  found  with  e<)ual  rapidity.  The 
thickness  of  the  angle  required,  found  on  the 
small  tab  on  the  upper  disc,  is  brought  oppo- 
site a  point  on  the  lower  disc  representing  the 
som  of  the  two  legs  of  the  angle,  .and  the 
weight  read  directly  opposite  the  length,  as 


with  plates.  The  weight  of  beams  of  any 
length,  when  weight  per  foot  is  known,  is 
found  by  bringing  the  arrow  on  the  upper 
disc  opposite  a  point  on  the  lower  disc  corre- 
sponding to  the  weight  per  foot,  .ind  the  result 
scale  opposite  the  length  of  the  beam  gives  the 
required  weight. 

Errors  are  entirely  eliminated  :  weights  are 
definitely  marked  on  the  result  scale. 

The  Computer,  about  four  times  as  rapid  as 
a  slide  rule,  will  iiavc  its  cost  in  two  or  three 
days. 


The  Edge  Computer  Sales  Agency,  Room  9K,  220  Broadway,  New  York 
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Inductance  and  Catwcltjr  MeaswnunenU. 

On  a  Standnrd  of  Hutiwl  Indvetanoe. 
Albert  Campb«ll.  Elecn — Not.  22,  07.  3 
figs.  2000  w.  40e.  Abstract  of  paper  read 
before  the  Royal  Society. 

The  Use  of  the  Duddell  Arc  for  Induc- 
tiance  aud  Capacity  MeasurementB.  Elec 
Rev  (Load) — Dec.  6,  07.    3  figs.    800  w. 

MilgnetJc  Testing  of  Iron. 

The  Magnetic  Testing  of  Iron.  W.  H.  F. 
Murdoch.    Elec  Rec  (Lond) — Nov.  29,  97, 

2  flgB.  1600  w.  40c.  Abstract  of  paper 
read  before  the  Institution  of  Electrical  En* 
glneers  at  Sheffield.  Not.  25,  07. 

Meter. 

Some  Recent  Improvements  in  the  Wright 
Mercury  Blectrolytlc  Meter.— I.  U.  8.  Hat- 
Held.  Bleeo — Dec.  9,  07.    8  Hge.    2500  w. 

40c. 

Water  Reatotance  for  Testing  Alternators. 

The  Calcnlatlcm  of  Water  Reslatancee  for 
TMUag  Large  Alternators.  C.  Rlchter. 
Blek  9  Masch— Nov.  I7,  07.    6000  w.  60c. 

TRANSaOSSION.  DISTBWUTION,  CX>MTItOL. 

Aluminum  Conductors. 

Aluminum  as  a  Substitute  for  Copper  for 
Kleclrical  Transmission  Purposes.  John  B. 
Sparks.     Elec  Hev   (homi} — NOT.  22,  07. 

3  figs.    2000  w.  40c. 

Cables. 

Notes  on  Drawiag-Iu  Cable.  W.  Pleas- 
ance.  Elec  Rev  lLond> — Nov.  29,  07.  2 
llgs.   2200  w.  40e. 

C^ondutt  System. 

The  Municipal  Electrical  Conduit  System 
of  Auburn,  N.  Y.  J.  W.  Ackerman.  MlW 
Bngg — ^Dec.,  07.    3  figs.    1800  w.  40c 

Fuses. 

On  the  Behavior  of  Fu-se  Wires.  M.  P. 
Weinbach.  Eugg  Quarterly — Nov.,  07.  12 
flgs.  10,000  w.  80r.  Thenls  presented  for 
degree.  University  of  Missouri,  June.  07. 

Tbe  Stsndardlxatfon  f  of  Bdlson-Base 
Fuses  by  Means  of  Special  Apparatus.  H. 
Huudliautten.  Elek  Zell — Nov.-  21.  07.  5 
flgs.    8600  w.  40c. 


Long-Distauce  Transmission. 

Loog^DManee  Povrer-Trsnsmlaeioit  Lines. 

B.  A.  Lfif.  El  Rev — Nov.  30.  07.  5  (Igs. 
1400  w.    Dec.  7.  4  flgs.,  1000  w.    Each,  20c. 

DlsrimseB  the  different  factors  to  be  taken 
in  consideration  for  the  proper  design  of 
the  transmission  line. 

The  Theory  of  Alternate  Current  Trans* 
mission  in  Cables. — I.  Bfeen — ^Dee.  6,  07. 

6  flga.    2300  w.  40c. 

J 

Bnttber  Insulation. 

Rubber  Inaulatton  for  Conducton.  Fred. 
J.  Hall.   Nov.  30,  07.    4800  w.  20e. 

Steel  TrniMTnlssion  Towers. 

Steel  TrauBmisston  Towers  ou  the  Jersejr 
Meadows.    El  Wld — ^Dec.  14,  07.    8  fig*. 

iiOO  w.  20c. 

Switches  and  Switchboards. 

Circuit-Interrupting  Devices.  W.  O.  Mil- 
ton. El  Jl — Dec..  07.  6  flgi.  3500  w. 
20c  II. — Knife  Switches. 

Electrically  Operated  Switchboards.  B. 
P.  Rowe.  El  Jl — Dec,  07.  6  flgs.  3100  w. 
20e. 

Ttaasmlssion  System.  New  Zealand. 

fransmission  System  and  Substations  ot 
the  Dunedln  City  Corporation.  New  Zea- 
land. El  Wld— Nov.  30,  07.  10  flgs.  5400 
V.  20c. 

Blectrlcallr  Driven  Textile  Kuctortee. 

Blectrlcal  Driving  in  Textile  Factories. 
H.  W.  WtlatHi.  Mech  Bsgr— Dec.  7,  07. 
0200  V.  40c.  Piwer  presented  to  the  Man- 
chester Section  of  the  Institute  of  Blectrlcal 
Engineers. 

Electric  Power  in  Textile  Factories.  Mech 
Bngr — ^NoT.  23.  07.   0  flgs.   2800  w.  40c. 

UghtniiiK,  Protection  fn>iii. 

The  Protection  of  Buildings  from  Light- 
ning. Alfred  Hands.  Elec  Bngr — Nor.  29, 
07.    5  flgs.    3800  W.  40c. 

Boollog  Paper.  Eiedvidtir  i«  the  Mawifactare 
of. 

Elei  trlclty  in  the  Manufacture  of  Roofing 
Paper.  L..  B.  Van  Nuys.  W  Elecn — Nov. 
80,  07.    fi  flgs.    1100  w.  20c. 


INDUSTRIAL  TECHNOLOGY 


Brick  Kllas. 

Firing  Kilns  hy  Superheated  Steatn. 
British  Clay  Wkr— Nov.,  07.   2800  w.  40c. 

Colore.  Matrhinfc  and  .Measuring  of. 

A  Color  Screen  Color  Meter.  Frederick 
£.  Ives.  Jl  Franklin  lust — Dec,  07.  1000 
w.    (Oc.    Paper  read  before  the  Franklin 


Institute,  Nov.  7,  oT.    DescrltMs  an  instru- 
ment for  matching,  measuring  and  record- 
ing colors  used  In  the  arts  and  Industries. 
Gas  Manufndure. 

Accidents  in  the  Mauufaciuriug  Gas  In- 
dustry. Herman  Russell.  Prog  Ag<'  Dec. 
2.  07.  11,000  w.  2Uc.  Paper  read  before 
the  Michigan  Gas  Association. 
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^tf  intemled  in  any  phase 
ol  the  steBm  railway  busiiieas 
wtad  for  a  Miiqile  co|^  of 

Leading  Railway  Journal 
ol  the  World 

After  you  haveiead 
it  you  will  under- 
stand why  a  sub- 
scription is  necessaiy 
if  you  are  to  keep 
fully  posted  on  rail- 
way progress. 

The  Rail  way  Age  is 
published  every  1'  nday. 
Subscription:  United 
States  or  Mexico44.00; 
Canada,  $5.50;  Postal 
Union  Counfaties,  $6XX) 

Sample  copies  free  on  request 

THE  WILSON 
COMPANY 

160  Harrison  Street 
CHICAGO,  ILUNOIS 

ISONn.sau  St., NEW  YORK 

1829  WiUkMon  Boildhiff 
CLEVELANI^  OHIO 


PatiOBlw  SNOINBERING  DIGB8T 


Start  the  Year 

Right 

by  subscribing  to 

Cement 
Age 

^  motithly  ma^(7::^ifie 
devoted  to  cement  and 
its  uses.  Each  issue 
contains: 

1.  Interesting  articles  written  by  author- 
ities on  every  new  development  in  concrete 
conttrootion. 

2.  Fine  iUnitntloiit  wppleiDientlnf  the 

t«xt  and  giving  (graphic  evidenoe  of  ttie 

growing  use*  of  cement 

3.  A  sujumiiry  of  cement  litfriiiure;  de- 
pArtment  of  answers  to  correspondents; 
now  p;{tf>ntfi  Issued  and  bright,  live  ediio* 

rial  comment. 

The  January 
Number 

is  of  special  value—worth 
a  year's    subscription  alone. 

Send  $i.oo  NOW  (Canadian 
foreign   rate  $1.50),  for 
igoB  sutMcription. 

After  March  i,  1908,  subscrip- 
tion price  will  be  $1.50  Domes- 
tic and  $2,00  Foreign. 

Cement  Age  Company 

221  Fifth  Ave,  New  York 


AdvertlMM  When  You  Cka. 
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Chemical  Changes  Occurlng  During  Car- 
bonization in  Horlzonial,  Inclined  and  Ver- 
tical Retorts.  Harold  Q,  Colman.  Am  Oas 
Lt  Jl— -Dee.  K,  07.  4600  w.  20c.  Paper 
read  before  the  Mandieeter  and  District 
Junior  Gas  Aeen. 

The  Distribution  of  Gas  In  the  Suburbs 
of  Paris.  F.  Claudet.  Otate  Civil— Not.  9, 
07.    7  llgs.    2500  w.  OOC. 


Vertical  Gas  Retorts  at  Cologne.  Proj; 
Age — Dec.  2,  07.    4  flgs.     1900  w.  ZOc 
Abatract  of  a  paper  read  before  the  Glerman 
Association  of  Oas  Engineers. 
Kaolin. 

Mixing;  and  Transporting  Kaolin  by  Hy- 
draulic Proress.  Engg-Contr — Dec.  11,  07. 
1100  w.  20c.  Paper  read  before  the  Am. 
Inst.  oC  Mining  Engineers. 


MARINE  ENGINEEEUNG 


Electric  Ship  CVanes. 

Th.-    Electric   Crane   Equipment   of  the 
"Lll^^llanla     and  the  "Mauretania."  Eloe 
KnK — Doc.  5,  07.    6  flgs.    600  w.  40e. 
"Mauretania." 

The  Atlantic  Liner  Mauretania."  Engr 
—Dec.  16,  07.  S  flgs.  2300  w.  20c.  De- 
scribes the  steam  power  eqnlpmeat  of  this 
turbine-driven  quadrupleHwrew  Steamer. 

.Modrl  BoHinB. 

Simple  Exp!nnni!on  of  Model  Basin 
Methods.  D.  W.  Taylor,  Naval  Constructor, 
U.  S.  A.  Se  Am— Dec.  7,  07.  S  Hgs.  2200 
w.  20c 


Prevention  of  RoUbig  of  Sbtps. 

On  an  Apparatns  for  Extinguishing  the 
Koiliug  of  Ships.  M.  Victor  Cremieu.  Prac 
Engr — ^Dee.  0,  07.   8  flgs.   2000  w.  40e. 

Tlie  First  Steaint>oat. 

Who  Built  the  First  Steamboat?  C.  Sey- 
mour Bullock.    Cassler's  Mag — ^Dee.,  07. 

9  flps.    4000  w.  40c. 

Torp<><1o-li4>at  Ik-stroyer. 

H.  M.  Torpedo-Boat  Destroyer  "Mo- 
hawk." Bngg— Not.  22,  07.  IS  flgs.  2700 
w.  40c. 


MECHANICAL  ENGINEERING 


\llt  MACHINERY. 
C«-ntrirugal  Air  Compressors. 

t'entrifugal  Air  Compressors  for  Low 
Pressures.  Sanford  A.  Moss.  Am  Mach — 
Not.  22,  07.   4  flgs.   1000  v.  20e. 

Pneumatic  HMmtncrs. 

.Votes  on  Pneumatic  Hammers.  A.  Baril. 
Rev  de  Meo— Dee.,  07.    80  flgs.    12,000  w. 

11.80. 

Turbo-Biowers. 

Turbo-Blowers.    K.  Rummel.    Z  V  D  I — 

Nov.  23,  07.  19  flgs.  7000  w.  60c,  De- 
scril)f!i  the  Brow  u-Dnverl-Hatcau  tilowers 
which  are  driven  by  direct-coupled  steam 
turbines  of  750  HP. 

FCMJHDIirCi. 

Bench  Work  Equipment. 

A  Foundry  for  Bench  Work.  W.  J.  Keep 
and  Emmet  Dwyer.  Fndry — Dec.  07.  2 
flgs.  1800  w.  20c.  Describes  the  reoon- 
•truetlon  of  the  foundry  of  the  Mkhlgaa 
Stovo  Co.«  an  Ideal  plant  for  stove  plate. 
Presented  at  the  Dec  07,  meeting  of  the 
Amerleah  Society  of  Mechanical  Engineers. 

Blowers  for  Foundries. 

Blast  for  Cupolas.  E.  L.  Rhead.  Mech 
Engr — ^NOT.  80,  07.    12  flgs.    2700  w. 

40c. 

Founilry  Blowwr  Practice.  Walter  li. 
Snow.  Fndry — Dec.  07.  ♦»  flgs.  3200  w. 
20e.  Describes  recent  developments  In  fan 
and  blower  construction;  comparison  of  the 
types,  melting  ration,  etc.    Read  at  the 


Dec.,  07,  meeting  of  the  American  Society 
o(  Mechanical  Engineers. 

Brass  Foundry. 

The  Brass  Foundry.  W.  S.  Quigley.  Met 
Indus— Dec,  07.  1000  w.  20«.  Abitraet 
of  a  paper  read  before  the  New  York  Rail- 
road Club,  Nov.  15,  07.    Describes  modem 

methods  of  melting  and  handling  material. 

The  Jobbing  Brass  Foundry. — II.  J.  F. 
Buchanan.  Fndry — ^Dec.,  07.  IB  flgs.  lOOO 

w.  20c. 

Ctest  System  for  Jobbing  Fonndries. 

A  Uniform   Cost  System  for  Jobbing 

Foundries.  James  S.  Stirling.  Ir  Age — 
Dec.  12,  07.  4100  w.  20c.  Paper  read 
before  tlie  American  Koundrymen's  Asso- 
ciatiun,  Dec.  4,  07,  embodying  recommen- 
dations of  the  Jobbing  Fbunden*  Associa- 
tion. 

Fluxes  fur  Sufi  >letali». 

The  Choice  and  Use  of  Fluxes  for  Soft 
Metals.  Mech  Bngr^Dec.  7,  07.  4000  W. 
luc  Reprint  of  article  In  the  "Brass 
World." 


lor  Foundries. 
Erecting  Foundry  Foundations.     J.  A. 
Pratt.  Machy — Dec.,  07.   12  flgs.   8100  w. 

40c. 


Foundry  Dcviun. 

Foundry  H'  -skii  and  Eqiiipmcnt.  A. 
Bellamy.    Mech  £ngr — Nov.  lO,  07. 
flgs.  SSOO  w.  40c. 


B. 
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H^^  Scientific  American 

promptly  chronicles  every  item  of  news  concerning 

The  Industrial  Development  of  the  World 

IT  is  unique  among  periodical  literature  because  of  the  authoritative  infoT' 
mation  it  contains  that  cannot  be  found  elsewhere  regarding  Scientific, 
Mechanical  and  Engineering  Progress.  It  is  a  favorite  in  the  Home  because 
its  news  of  the  great  achievements  of  the  day  is  popularly  and  practically 
told,  thus  interesting  the  entire  family.  In  a  word,  the  "Scientific  American 
is  a  distinctively  American  Weekly  for  the  enlightened  American  at  home 
or  abroad.  Subscription  price,  $3  per  year  to  any  address  in  the  United  States. 


Valuable  Books 


to  New  Subscribers 


SCIENTIFIC  AMERICAN  REFERENCE  BOOIC,  by  Albert  A. 
Hopkins  and  A.  Russell  Bond.  l2mo,  516  pages.  "Is  a  veritable  gold 
mine  of  knowledge  on  almost  every  conceivable  subject  under  the  sun." 
— Pittsburgh  Post. 

SCIENTIFIC  AMERICAN  BOY,    by  A. 

Russell  Bond.  12mo,  320  pages.  "The  book  is  a 
volume  of  practical  directions  by  means  of  which 
the  outdoor  boy  can  fit  himself  out  for  all  kinds 
of  sport." — New  York  Times. 

HOME  MECHANICS  FOR  AMATEURS, 

by  George  M.  Hopkins.  12mo,  370  pages.  "The 
book  may  be  commended  for  its  practicability  and 
suggestiveness." — New  York  Tribune. 

The  books  are  beautifully  and  substantially  bound 
in  cloth,  and  cannot  be  purchaised  at  bookstores  for 
less  than  $1.50  each. 


OUR  OFFER 

IF  YOU  will  send  us 
$3.00  in  payment  for 
a  new  subscription  for 
one  year  commcTKing 
January  I,  1908.  we  will 
send  you  any  one  of  the 
books  absolutely  free.  ar>d 
also  send  you  the  remain- 
ing issues  of  the  "Scien- 
tific  American"  for  the 
year  1907  from  the  time 
your  order  is  received 
without  additional  cost. 


AddreM  MUNN  &  COMPANY,  No.  3S3  Broadway,  New  York 
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Madiliie  MoMUig. 

Modern  Maohlno-moldlng;  Practice.  G.  P. 
Campbell.  Am  Math-  -Dec.  lli.  07.  10 
fl^;s.  2500  w.  i;0(  .  Describee  the  machlnea. 
find  methods  uswd  In  producing  wheela  for 
nKricultiiral  machlneiy  In  larg*  attaiitltl«B 
and  at  low  cost. 

Melting  Iron. 

Foundry  Cupola  and  Iron  Mixtures.  W.J. 
Keep.  Fudry — Dec.  OT.  6000  w.  20c. 
Discusses  scientific  methods  of  melting  Iron 
and  the  calculation  of  mixtures.  Presented 
at  the  Dec.  07,  meeting  of  th«  American 
Society  of  Mechanical  Engineers. 

Melting  Iron  for  Foundry  PurpoMB.^ 
III.  E.  L.  Hh.  nd  Merh  Bngr — HOT.  1«, 
07.     1  flg.    3500  w.  4yc. 

Moldtnir  Sand. 

Mechanically  Treated  Molding  Sand.  Al- 
exander K.  Outerhridge,  Jr.  Kndry — Dec, 
07.  a  fipfi.  2oOri  w.  20c.  Describes  the 
latter-day  method  of  mixing  sand  for  the 
foundry  and  core  room  l>y  moans  of  the 
centrifugal  machine.  Read  at  the  Dec,  07, 
meeting  of  the  American  Society  of  Median- 
leal  Enslneera. 

PatternM. 

Patterns  for  Repetition  Work. — I.*  E.  H. 
Berry.  Fndry — Dec,  07.    2  5  flgs.  4500 
w.    20c.    Deecrlbes  the  .construction  of 
-  pattenu  that  are  to  ba  used  continuously 
In  tlie  foundry. 

Pipe  Founding. 

The  Manufacture  of  Cast  Iron  Pipe. 
Fndry— Dee..  07.  1»  An.  270«  w.  20c. 
Deaeribea  the  continuous  process  of  maklns 
pipe  In  the  largeat  pipe  foundry  In  tbe 
world,  at  Scottdale,  Pa. 

Steel  Founding. 

Conyerter  vs.  Small  Open-Hearth. — ^11. 
W.  M.  Carr.  Fndry — Dec.  07.  1300  w. 
20c.  Discusses  the  advantages  and  disad- 
vantages of  the  converter  and  continuous 
operations  in  steel  foundries. 

HEATING  AND  VEXTIL.VTIOX. 

Air,  I*uriflcatlon  of. 

Air  Wiishing  and  HUDiidifylup;  and  Some 
of  lis  Applications  to  Industrial  I'urposes. 
W.  A.  Howe.  Engr — Dec.  2,  07.  4  figs. 
2  700  w.  20c.  Paper  read  before  the  Ohio 
Society  Of  MecbanlcaK  Blecttlcal  and  Steam 

Kn>;inf»ers. 
Direct  and  Indirect  Heating. 

Important  Difference  Between  Direct  and 
Indirect  Heating.  R.  S.  Tbompeon.  Met 
Wkr^Dee.  14.  07.   ICOO  w.  20c. 

Meeting  Factories. 

Modem  Methods  of  Heating  Jodustrial 
BnildingH.    B.  Newton.   Wood  Craft— Dec.. 

07.    "  'U'-i      i''M.i  u.  20c 

Hut  WottT  Heating  System. 

Modern  Mcthuds  of  Heating  and  TentOa- 
tton.    A.  Q.  King.    Arch  ft  Bldra  Mag — 


Nov..  07.    8  flgs.    1600  w.    40c.    VII.  Ac- 
celerated System  of  Hot  Water  Heating.  ■ 

Sclioolboofic  Heating. 

A  Mechanical  Furnace  System.  Met  Wkr 
— Dec  14.  07.  &  figs.  1200  w.  20c.  De- 
scribes a  method  of  fan  furnace  heating  tn  a 

school  building. 

Heatlii^^  and  Ventilation  of  a  Schoolhouse, 
Charles  I.  Huhbard.  Met  Wkr — Nov.  30, 
07.  18  flgB.  2  000  w.  2  0c.  Describes  the 
heating  and  ventilation  syi^tem  Of  a  IJI^cal 
city  high-school  of  large  size. 

Steam  Heating.  Air  Talves  in. 

Air  Valves  for  Steam  Heating  SystenUt. 
W.  H.  Walteman.  Dom  Engg — Nov.  23,  07. 
6  flgs.    ISOO  W.  20c 

HOISTING  AAD  HANDLLNG  MACHINERY. 

CtaUefray. 

An  Ingenious  Cableway  In  which  the  Sag 
In  the  Cable  is  Practically  Eliminated  by 
Oscillating  Towers,  and  Its  Application  to 
Contract  Work:,  etc.  Engg-Contr — ^Nov.  13, 
07.   1  flg.   BOO  w.  20e. 

Ornnes. 

De.sign  of  Light  Structural  Jib  Cranes. 
\v  H  Buts.  Maeby— Dec,  07.  2  flgs.  2400 

w.  40c. 

Electric  Cranes.  H.  H.  Broughton. 
Blecn — ^Nov.  22,  07.  7  flgs*  2000  w.  40c. 
Serial:  Tbie  Installment  tiiata  of  the  bnkea 
used  in  connection  with  Crane  motors. 

Hydraulic  Elevator. 

The  Hydrautte  EQerator. — XII.  W.  Baxter, 
Jr.  Power — ^Dee.,  07.  24  flgs.  2000  w. 
40e.  Deserlbes  the  "pushing"  type  of  horl* 
zontal  elevators,  giving:  details  of  opemtlOnB 
and  construction  of  valve  and  parts. 

iUae  HeMlBC. 

Report  of  the  Transvaal  Commission  on 
Ihti  Use  of  Winding  Itopes,  Safety  Catches 
and  Appliances  In  Sline  Shafts.  Bng  News 
— Dec.  5,  07.  8  flgs.  7000  w.  20c.  Con- 
cluded. 


HYURAULIO  POWER  PLANTS. 

Accmnnlatom,  Design  of. 

The  DeslRn  of  Hydraulic  Accumulators. 
N.  S.  TruBtrum.  Prac  Engr — Nov.  29,  07. 
5  flgs.  2:!0u  w.  4Uc.  GlvcH  the  formutU 
used  ami  an  example  ot  their  application. 

Centrifugul  I^iini>s. 

Centrifugal  Pumps.  E.  F.  Doty.  Engr — 
Dec.  2.  07.  2200  w.  20c.  Discusses  the 
ri  lative  advantages  of  centrifugal  and  re- 
ciprocating pumps  for  domestic  water  aup- 
ply. 

Electric  Pumping  Plants. 

An  Electric  Pumping  Plant.  B.  H.  Ship- 
man.  .Mun  Engg — Dec,  07.  700  w.  40c. 
Describes  a  plant  furnishing  a  aupply  ot  2 
to  2%  million  gallons  a  day  to  large  ratl> 
road  shops  and  for  looomotlTcs  In  serrloe. 
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(^dianMachinery 

Manufacturing  News--^ 

^Circulates  in  every  province  of  the  Dominion. 

fjRead  by  Proprietors,  Managers,  Superintendents,  Foremen 
and  Engineers  of  Manufacturing  and  other  Industrial  Estab- 
lishments, 

—men  who  must  be  consulted  when  machtneiy»  power  equipment 
and  supplies,  and  foundry  equipment  are  to  be  bougrht. 

Q  Is  the  most  influential  and  widely  read  industrial  paper  of 

Canada. 

flTo  have  your  campaign  cover  this  important  market*  include 
CANADIAN  MACHINERY 

Pust  card  will  bring  sample  copy  and  rates. 

THE  MaeLEAN  PUBLISHING  COMPANY,  Limited 


YOUR  OPPORTUNITY 

may  be  amonif  the  thousands  of  hisrh  ^ade  positions  now  open  at  our  12  offices. 

Don't  miss  your  opportunity.  Thousands  of  men  who  have  secured  positions 
through  Hapgoods  know  that  it  pays  to  insure  against  loss  of  opportunity.  Why 
don't  ym  get  in  line  for  advamxment  ? 

IF  YOU  KNEW 

that  a  letter  of  inquiry  would  bring  you  information  worth  hundreds  of  dollars, 
would  you  hesitate  to  ask  for  p;!rtirM!r(rs  ?  Our  booklet  tells  how  we  find  right  pinres 
for  right  men.  It  will  tell  you  how  to  secure  a  position  paying  a  larger  salary  than 
your  present  one.  AmontT  the  positions  for  which  we  need  men  are  the  foUowinff : 
Advertising:  Manajjer,  $2,500  :  Sales  Manager,  $4,000 ;  General  Manager,  $5,000; 
Ad.  Writer,  $1,300;  Auditor,  $3,500;  Engineer,  $2,000.  Sample  copy  of 
OPPORTUNITIES,  our  monthly  publication,  mailed  free,  if  you  write  to-day 
stating  age  and  experience. 

HAPGOODS 

The  National  OrgamzaHon  of  Brain  Brokers 
305  BROADWAY  NEW  YORK 


Pftironlxc   ENGINIQICHINU   DUiEST   Advertisers   Wbon  You  Cra. 
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Tenneysee  River 
Howard  EglestOD. 
7  flgi.    1300  w. 


Blectrlcally-Operatcd  Pamplng  Plaate.  T. 

L.  Kolkin.    Elec  Rey  (Lond) — ^Dec.  «,  07. 

IfiOO  w.  40c.  Discusses  tht>  advantages  of 
electfically-operated  turbine  and  ram  pumps. 

Hydro-BlecMe  Pbmta. 

The    Chattanooga  & 
Power  CompaDy's  Plant. 
Bug  Ree— 'Dee.  7,  07. 
20c. 

The  Oreat  Falls  Power  Plant  nf  the 
Southera  Power  CJo.  L.  T.  Peck,  £1  Jl — 
Dec,  07.  8  flBi.  BOOO  w.  20c.  Deecrlbee 
one  of  tbe  atatlons  of  200»000  K.W.  aye- 
tem  In  N.  C.  'and  8.  C. 

The  Power  Plant  at  Necaxa,  Meadco. 
Engr  (Lond) — Nov.  29,  07.  6  flgs.  3300 
W.  40c. 

The  Tuaciaao  CItaly)  HydFaulie  Plaat. 
m  Rey— Nor.  SO,  07.    «  Ufa.    2400  w. 

20c. 

IjnpuLie  Wheel  Teats. 

Teita  of  a  IMneh  Doble  Water-Wheel. 
A.  L.  Weetoott.  Pover— Dee.,  07.    8  Age. 

900  w.  40c. 

INTEKNALrCO-MBUSTION  ENGINES. 

oa  Meter. 

on  Motor  for  .Agricultural  Purposes. 
En  Kg — Nov.  2  9,  07.  a  flgs.  2400  W.  40c. 
Describes  a  combined  portable  and  traction 
engine  operating  on  oiL 


Producer  Gaa  In  Refrigeration.  Ellis  L. 
Phillips.  Ice  and  Refrlg — Dec.,  07.  11 
figs.  12  00  w.  40c.  Paper  read  liefore  the 
Eastern  Ice  Assn.,  Nov.  7,  07. 

Test  of  a  Producer-Gas  Pumping  Volt. 
C.  H.  Johneon  and  A.  L»  Sparrow.  Kngr — 
Dee.  2,  07.  5  flge.  1400  w.  2€e.  De- 
aeribea  netbote  need,  and  give*  roBnlta. 

MAGHDIlt  PABTS. 

Belts. 

The  Proiter  Care  of  RcltB  In  the  Shop. 
William  U.  Taylor.  Am  Mach— Dec.  &.  07. 
4  flge.   2200  w.  SOe. 

Oam.",  liayout  of. 

Laying  Out  Automatic  Screw-Machine 
Cams.  F.  E.  Anthony.  Am  Mach — Dec.  5, 
07.  6  flgs.  4400  w.  20c.  Describes 
method  of  laying  out  the  rams  on  the 
Brown  St  Sbarpe  Automatic  for  operating 
tbe  turret  and  cross  slides. 

Labricatlon. 

Friction  and  Lubrication.  Dr.  J.  T. 
NlcolM»n.  Mecb  Wld.->I.  Not.  29.  07.  6 
flgs.  3200  w.  40c.  Paper  read  before  tbe 
Manchester  Association  of  Engineers. 

Roller  Bearings. 

Salient  Prlndptea  of  Roller  Bearings.  J. 
F.  Springer.  Power— Dec.,  07.  8  llgs.  8400 

w.  40c.  Discusses  the  practical  difference 
between  straight  and  tapered  types — the 
n*^*Mi  o;  h^epiiratiun  of  rollers  and  bow  best 
to  accomplish  It. 


Teat  of  Bearlngi — B^rtXt  RoUer  va.  Bab- 
bitted.   L.  P.  Alford.    Am  Mscta — Dec  12, 

07.  3  flgs.  1500  w.  20c.  Gives  details  of 
a  comparative  test  which  showed  an  excel- 
lent saving  in  friction  for  the  former. 

Tumbler  Gearing. 

Tumbler    Gear    Design.     John  Edgar. 
Maebjr — ^Dec.,  07.   7  llgs.   8800  w.  40e. 


MECHANICS. 

Gfroeeope. 

Rifled  Artillery.  I.  A.  0.  Oreenhill.  Engr 
(Lond)     Nov.   22,   07.     2   flgs.     3500  w. 

4  0c.    Discusses  the  faadaniMtal  prtnciplea 

of  tbe  g^yroscope. 

Rupture  of  Boiler  Plates. 

The  Present  Status  of  the  Question  of 
Rupture  of  Boiler  Plates.  R.  Haumann. 
Z  V  D  I— Dee.  IS,  07.   8400  w.  60c 


METAIi  WORKING. 

AUojr  Steels,  Working  oC. 

Metab  and  Allore.  Ifln  Jl — Nor.  22,  07. 

3100  w.  40c.  Describes  the  chief  methods 
used  in  analyzing  alloys  and  metals  and  in 
working  special  eteela. 

Die-Sinking  Machines. 

Die-Sinking  and  Engraving  Machines. 
Engg^NoT.  28,  07.   0  llgs.    1800  w.  40e. 

Drilling. 

Drill  Heads  for  Closely  Spaced  Holes.  Am 
Mach — Dec.  12,  07.  S  flgs.  1300  w.  20c. 
Describes  a  novel  mechanism  for  driving 
any  number  of  drills  very  close  together. 

Locating  and  Boring  Holes  in  Drill  Jigs. 
— II.  C.  L.  Goodrich.  Am  Mach — Nov.  28, 
07.  18  flgs.  1900  w.  20c  Discusses  tbe 
use  of  accurately  sized  diska  in  close  Jig 
WOric,  and  the  application  of  special  math* 
Ods  to  larger  Jigs. 

Floor  Plate  Wetk. 

Maditne  QptnUooB  Orer  Iron  Bloor 
Plates.   John  Rldetl.    Am  Haeh — ^Not.  28, 

07.    17  flgs.    2100  w.    20c.    Describes  the 
use  of  over  50  portable  tools  on  floor  plates 
and  a  new  rail  floor  construction. 

Hardeuing  and  Tapering. 

Distortion  of  Steel  In  HardenluK  C.  U. 
Sciitt.    .w    ^.T,.rh — Dec.  5,  07.    lhh.i  w.  20c. 

Hardening  und  Tempering  High-Speed 
Steel.  James  Steele.  So  Machy — ^Dec,  07. 
8000  W.  20c. 

Uigh-Siieed  vs.  Curbou  SU'cl. 

A  Comparison  of  the  Productive  Values 
of  High-Speed  Tool  Steels  and  Carbon 
Steels.  George  Bllham.  Am  Mach — ^Dec. 
12,  OT.    4  flgs.    2400  w.  20c. 

Micffosoope,  Its  Use  in  tbe  Tool  Boom. 

The  Microscope  In  tbe  Tool  Roua.  F.  A. 
Stanley.    Am  Mach — Dec  12,  07.    17  flgs. 

2600  w.  20c. 
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The  Clipper  Clip 

4^  II*  triaagnlar  shape  fifevants  cotaagling 

and  gives  three  times  the  rapncity  of  any  Other 
Clip  for  attachiag  papwrs  together. 

Jiesl  and  Cheapest.    .Ill  Slalioners. 

BntM  or  Steel.  Send  10c.  for  Box  of  100. 

Clipper  Manufacturing  Company 

403  Weit  124th  Street,  New  York,  U  S.  A.  The  MOGUL  CLIP.         M  tar  >8 


TO  BOOK  BUYERS 


WE  have  jtut  issued  a  new  iia>paee  cataloette  o!  re- 
cently published  Scientific  and  Mecluuiical  Books, 
which  we  will  mail  free  to  any  address  on  application. 

MUNN  &  COMPANY 

Publi.Khrrs  of  SCIENTIFIC  AMEKICAX 

3S3  BROADWAY  NEW  YORK 


A  Serial  Sequel  to 

Galeae's  ''Cost  Data'' 

Those  of  the  lo.ooo  purchasers  of  Gillette's  "Hand  Book  of  Cost  Data" 
who  have  not  already  subscribed  for  "  Engintering-Cpntraethig"  will  do  well  to 
send  for  a  sample  copy,  for  the  articles  on  METHODS  AND  COSTS  in 
'' Knginterinj^- Con  trad  inji"  Tea.\\\  form  a  serial  sequel  to  Gillette's  "  Cost  Data." 
Those  who  have  not  already  purchased  Gillette's  "Cost  Data"  (6oo  pages  of 
costs  for  $4)  will  also  do  well  to  send  for  sample  copies  of  **  Engimering- 
Coniraftins; ioT  they  will  learn  what  Gillette's  "  Cost  Data  "  is  like.  Mr.  Gillette 
has  recently  completed  his  appraisal  of  all  the  railways  in  the  State  of  Washington 
— property  worth  a  quarter  of  a  billion  dollars— and  now,  as  managing  editor  of 
"  Engineerinii-Oyntrat  ting!^  he  is  writing  a  series  of  articles  covering  the  cost  of 
every  item  of  railway  construction.  Mr.  Daniel  J.  Hauer,  as  editor  of  the  Earth 
and  Rock  Section  of  ** Ettgifuerit^-Omiracih^'**  is  eivine  new  and  valuable 
matter  on  economic  methods  of  excavation  and  itemized  costs.  The  paper  can 
best  be  judged  by  sample  copies,  which  we  will  gladly  send.  Since  "  Engineering 
World"  was  purchased  and  absorbed  by  "  Emiineerif^-Gmiraeiit^**  the  subscrip- 
tion rate  has  been  $2  a  year  (^2  issues),  but  for  the  next  few  weeks  a  year's 
subscription  may  be  had  for  $1 ;  Canadian  subscription,  $2.   Send  for  sample  copies. 

ENGINEERING-  CONTRA  CTING 

3S3  Dearborn  Strmmt,  Chicago,  IlL 


Patronise  ENOINBBRIKO  DIOB8T  AdTertlam  Whea  Toa  Can. 
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MllUng. 

Beottoittleat  JUc  Work  on  Um  MUUns  Hb*^ 
^Ine.  B.  A.  JoliBKHi.  Am  Maeh — ^Not.  28, 
07.    8  figs.    1300  w.    20c.    DeBcribes  tb« 

use  of  verniorn  attached  to  the  machine  arirt 
a  proper  tool  fquipnK'iit  for  locating  and 
boring;  holes  in  drill  jlRa. 

Mlllias  Machines.  Engr  (Lond) — .Nov. 
22.  07.  72  figs.  20,000  w.  40c.  A  20- 
I»a<a  aupplement  doflcribloK  a  large  number 
of  recent  BngUdi  machlnM. 

Vlpc  Machinery. 

Derivation  0(  the  Croeg-RoH  Curve.  Ul- 
rieb  Peten.  Madiy — Dec..  07.  i  flg.  800 
w.  40e.  Qlvee  practical  metbod  of  con- 
■trucUng  the  cnrre  on  the  roUa  on  eroea* 
roll  machines,  which  are  need  for  amooth* 
log  and  rounding  pipe. 

n«Mm»  Hj  Whede  for. 

On  Determining  Sise  of  Ply  Wheels  for 
MotoT'DriTen  Planers.    W.  Owen.  Machy 

—Dec,  07.     1400  w.  40C. 

Pjrvoinelry.  Industrial. 

Measuring  Industrial  Temperatures. 
Thomas  T.  Head  Min  and  Sc  Pr — Oc  t  7. 
07.  4  figs.  29UU  V.  20c  Discusses  mod- 
ern pyrometera  and  their  oaea. 

ReanerM. 

Reamers.      Erili  Oberg.      Machy — Dec, 

07.  6  figa.  2800  w.  40e.  V. — ^Plpe  Ream* 
era. 

Speed  iBdifcaton. 

Speed  Indkiitors.  Rev  de  Mec — Nov.,  07. 

68  flgs.     lO.uuu  w  11.80.    Describes  and 

Illustrates  a  large  uuniber  of  derloea  for 
measuring  the  speed  of  machinery. 

Tinning  of  Metals. 

Tinning  of  Metals.  Mech  Engr-  .Nov. 
07.  5600  w.  Nov.  23.  3800  w.  Each. 
4  0c.  Abstract  of  special  government  re- 
port on  dangerous  abd  Injurious  processes 
In  the  coating  of  metal  With  lead  or  mlx- 
iiir*-  of  lead  and  tin. 

U  ii'e-l>fM%iing  Machines. 

Modern  Practice  In  Wire-Drawing  Ma- 
chlneB.--III.  Bngg— Nov.  29,  07.  3  flgs. 
2400  w.  40c.  Diaeuseea  the  dies  used  and 
the  general  arrangement  of  a  wire-drawing 
plant. 

REFRIGERATION. 

Ammonia. 

Best  Methods  of  Detecting  Impuritios  in 
Ammonia  In  Refrigerating  nanti.  John  C. 
Sparhs.  lee  and  Refrlg — Dec.,  07.  1100 
w.  40c.  Read  before  Am.  8oe.  Refrlger* 
atlng  Engineers.  Dec.  2.  07. 

Brine, 

Antl-Freezhig  Cooling  Sototlons.  Howard 

Oreene.    Motor — Drr  ,  ijT.    If'OO  w.  20c. 

Overhauling  an  ke  ri;uir  W,  S.  Lucl<- 
tnbnch.  ICngr — Doc.  nT  l  tlK.  1S*0(> 
w.  20c.  Discusses  brine  circulation  and 
other  practical  points. 


Cur  lietrigcratioa. 

Mechanical  Refrigeration  hs  Adapted  to 
Railway  Transportation.  Joeei^  K.  Hart. 
Bng  Mag — Dec.,  07.    2900  w.  40e. 

COmpretwion  System. 

Mechanical  Production  of  liow  Tempara- 
turea  Sydney  F.  Walher.  Power — ^Dec., 
07.  8  figs.  2900  w.  40c.  Gives  a  simple 
explanation  of  the  compression  refrigera- 
tion system. 

Advantages  of  the  Wet  Compression  Sys- 
Teiii.  Carl  W.  Vollmann.  Ice  and  Refrlg 
—Dec,  07.  900  w.  40c  Read  before  Am. 
8oc  Refrigerating  Engineers,  Dee.  2,  07. 

Cooling  Towers. 

Cooling  Towers  tu  Refrigerating  Plants. 
B.  Franklin  Hart,  Jr.  Ice  and  Refrlg — 
Dec.,  07.  2300  w.  40c.  Paper  read  before 
the  Bastern  ice  Assn..  Nov.  7,  07. 

FimIb  tor  lee  Plants. 

The  Best  Fuel  to  be  Used  In  the  Mann* 
fheture  of  Ice.  c.  J.  Pope.  Ice  and  Bafrtg 
— ^Dee..  07.  1400  w.  40c,  Paper  read  be- 
fore the  Baatem  lee  A«sn.,  Nov.  7,  07. 

Heat  Transfer. 

Heat  Tranafer  in  Coolers  and  Condensem 
of  the  Double  Pipe  Type.  R.  L.  Sblpman. 
Ice  and  Refrlg — Dec,  07.  7  figs.  ITuo  w. 
40c.  Rear  before  Am.  Soc.  Refrigerating 
Ensimers,  Dec.  2,  07. 

Refrigeration.  Sidney  F.  Walker.  Mecb 
Wld— Dec.  6,  07.  2&00  w.  liOc.  11. — 
Quantities  of  heat  to  be  extracted  from  a 
cold  store. 

Plate*  Ire  Manufacture. 

Experiences  in  the  Manufacture  ot  Plate 
Ice.  Irving  Warner.  Ice  and  ReMg — Dec., 
07.  2000  w.  40c.  Read  before  Am.  Soc. 
Refrigerating  Bnghtaani.  Dee.  2,  07. 

VacMun  System  of  Ice-Making. 

The  Vaeoum  System  of  Ice-Making.  John 
Patten.  lee  and  Refrlg — Dee.,  07.  8  I^e*. 
2800  w.  40e.  PaoOT  read  bofore  the  Baat- 
em Ice  Assn..  Nov.  7,  07. 

SHOPS  ASU  UL1L.D1NGS. 

Arrangnnent  of  Bnfldlngs. 

General  Arrangenient  of  Miimifac  turing 
Buildings.  Oscar  E.  Perrlgo.  Ir  Tr  Kev — 
Dec.  5,  07.  5  flgs.  2700  w.  20c.  Third 
Of  a  seriu:.  of  articles  on  shop  management 
and  coat  keeping. 

STEAM  POWER  FIiANTS. 

Entropy  DJaKrnui,  Application  of. 

Applieutlon  o(  the  Entropy  Diagram. 
Sidney  A.  Reeve.  PoVrer — Dee.,  07.  4 
flgs.  4300  w.  40c.  Bzplalna  Its  use  for 
computing  available  work  and  for  obtaining 
a  clear  idea  Of  any  kind  of  action  In  or  upon 
steam. 
Exlijiusi  Ubotv  Ixiyoiit. 

layout  ot  ar.  Exhaust  Elbow.  BoUer 
Maker — Dec,  07.   i  flgs.   2700  w.  80«; 
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Arclutectiiral  Books 

Architectural  Books 

Stwl  for  STt7t}BMT'$  •  VRAFTflMAN'S  Library  Club 
CaUlcwur    i^mnU  moatbl|r  pufmtnU.} 
Also  Gfi.tnii  catalocM  ot  ArclittietHral,  BalMlar  aad 

Tecbnlcal  Books. 

on  >«qu«tit. 

\\  \t.  T   rOMRTOrK,  PubltshPT. 

Z'.  Wiirriri  t;r  .  NEW  YORK. 

Miscellaneous  Books 

UBRARIES  AND  TECHNICAL  SOCIETIES. 

Whnt  offprs  for  a  poirifilftt!  set  of  EnKlnccring  New* — 
1STM?*1".  InclurlinK  Indexes.  ISQO-ISW  and  1»00-1!K)4— 
all  bound?  A  vrr  rare  aud  valuable  set.  "Noreroaa," 
care  Th«  Bnslnc«rlDK  DlK«st. 


^ofiteAu  and  Tumouta 


br 


Howard  Chapin 
Pampblct — to  pages,  25  IkKurca — GO  cents  postpaid. 
For  ■«!«  by  J.  D.  Wllliama. 

Worceatar  PaljrUelialo  laitttnta^  WorcaaUr.  Mml 


Civil  Engineert 

Robert  McF.  DobU, 

CoDaaltlng  and  SuptrvlalBf  BoflBMr. 
Bxpwt  In  Hydro^Btoetrte  Powar  DwatofOMDC 

COLORADO  BPRlNOa.  OOLORADO. 


JH*  F.  Dunham, 

OomltlBC  Cllrfl  Biicli 
Long  Distance  Telephone,  "61^0  Corttanai." 

2ii0  Braodwny  (St.  Paul  BUtg.).  NEW  TO|UC. 

Pmter  MolUr,  C.£,» 

CoamUUnt  OItII  BagtMir, 
Bildg*  Dotlgn  and  Steel  CoMtntllms. 

Calcutationa. 

SS  FMk  noM.  R.  tt^  MRW  YORK  OITT. 


Alexander  Potter,  C.  £., 


Rfdraullc  Engineer  and  Sanitary  Bxpart. 

143  Liberty  Street,  NEW  YORK  CITY. 
ScwiTftKe  unci  SvWBKe  Disposal. 
Wnfff  Supply  and  I'vi ritleaf ton. 
Water  and  Elpctric  Power. 

ValuatloBS  of  BzlsUng  Plants— Expert  Testimony— Plan* 


C.  L,  SmMnM 


civil  Eogtaeer, 

Specialty,  Designing  and  SuperiDteodlng  ilie  Cou- 
^truction  or  [if':nforeod-CoBerot«  Bridgw,  Ttuat,  Poundn- 
tlons  and  Sewers. 

10»  VwitA  BL,  BATTLR  CRBBR,  ¥tCB. 


C,  A,  P.  Tmmmr 

M.  Am.  See.  C.  E.,  Consultlog  Engineer. 

Bridges.  Bulldinga,  Maniifnctttrto(  Plants. 
R«inf«rM4  Conenta  OoMtr«etlMi  •  fl^odalty. 


.  1CINNBAP0LI8,  lUNN. 


ConxuttlDg  Bflgln*«r. 
Examinations.   Estimates,  Financial  and  Bnglnocrlnc 

P.  a 


at  FMl  Bldg..  VmW  TORK. 


Contractors 


The  y\KNOTJ>  rOMPANY 

ENGIN  E  ERS-  CONSTRUCTORS 

KLECTRICAL  -  CIVIL- MECHANICAL 

l-A  •Al.t.C  a-ri«OCT 
CMICA0O 


Fayette  Engineering  dk  CwntraetiMtg  Gow* 

Ovll,  Mlalac  ud  OartiMttaB  RUlBMn. 

Herbert  M.  Crawford. 

L.  C.  MecbllDg. 

E    L.  Zearley. 

Specialties:  t'CD^truction  of  Coal  aad  COka  PtaatB  Mt 
tbe  OsTalopmant  ol  Coai  Properties. 

DMIONTOWN,  PA» 
mrmmsh  Offtea.  BMlwmviLLR.  PA. 


Battle  Creek  Bridge  Co. 

ENGINEERS  AND  CONTRACTORS 

Reinfomsd  Conrrets  Bri<l«es  _  . 
Steel  and  Wooden  BriiliinK.  plleIMV-»C 
FooadatioBSt  Ptana.  sic. 

BATTLE  ORBBK.  ViOB. 


Situations  Wanted 

UaIII   lurlber   notice   we   will   publish  without  cbargO 
^vontsetiii-ntH  from  our  regular  subscribers  who  seak 
teut.    Make  tbem  brief.    Replies  may  be  sent  la 
Tba  ctaarga  to  oUian  la  two  eaota  •  wotd. 


ORADUATB  CIVIL  BNOINKER  open  for  aagaiBaMat. 

Railway  Maintenance,  Construction  and  Track  Bleratloa 
expf'risncc.  Understand  thoroughly  tbe  design  of  rnllway 
tormioals;  also  electric  work  In  connection  with  eUctrlc 
t  ruction.  Experienoo  with  bydro-electrlc  power  plants, 
lines  and  sewon.  Addfoas  C.  P.  K.,  cart  Tlio  Ra- 
Xinevrlng   Digest.  „. 


LOr.ATINO  FVnfNEER  -  At  pr<-r(>nt  an  AnnlslBnt  Rn- 

i;Mii<'r  <in  :iu  [vi-Ii  r'i  tTimk  Ilniv  Tt-r.  \turc'  i.\\p«.T:"viri<  In 

Knilway  Location,  City  Surveying  and  general  engineer- 
ing.   Good  draftaimo.    Rotcn-ocet.  SaniWL 
owing  to  raduetloii  of  force*.    Prater  IocUIob 
South.    Tropical  nperlanoe.    Address  P.  W.  T.. 
The  Engineering  Digest. 
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Fwetm. 

Coaltte  PatflDt*.  Ueeli  Engr — ^Dee.  7.  07. 
1800  w.   40c.   GiYes  text  ot  pataiita  iMned 

on  this  new  fkinnkelesB  fuel. 

rulvcrlzed  Coal  and  Its  Industrial  AppU- 
catiouB.  W.  1).  Ennls.  Eng  Mag — Dec.  07. 
17  flgs.    SOOO  w.  40«. 

Technical  Aapecta  of  OU  as  Fuel. — ^111. 
r.  B.  Juoge.  Powar — Dee..  07.  i  flga. 
4400  w.  40c.  Dlscussee  the  oae  of  eoal-tar 
oils  in  engines  of  the  Diesel  and  almilar 
types;  tbo  supplanting  of  gasolene;  iMlUOl; 
charucleribUcs  and  use  of  tar  oils. 

Lap  JMnta  la  Sollen. 

I.ap  Joints.  W.  E.  O'Connor.  Boiler 
Maiter — Dec,  O  i     3  flgs.    1600  w.  20c. 

Pipe  C4MmrliifE«. 

A  Labor.itoiy  Test  for  Heat  Insulating 
Materials  Ctiarles  R.  Darling.  Enffg — 
Dec.  C,  07.    1  fig.    2300  w.    4  0c. 

The  Protection  of  Steam  Pipes  from  Ac- 
cident. Arthur  Herschmann.  Bns  Mag — 
De<!.,  07.    7  flgs.    2200  w.  40c 

Po\rc*r>IMaiit  IK-Njgn. 

I'be  Ratio  of  Heating  Surface  to  Grate 
Surface  as  a  Factor  in  Fower-Plant  Design. 
W.  S.  Flnlajr.  Proc  Am.  Inst.  B.  ■.,  Nov., 
07.  8  Sgi.  2400  w.  80e.  Paper  read  lie- 
fore  the  An.  Inat.  ot  B.  B.,  New  York,  llee. 
U.  07. 

8epai'atoi-.s. 

Value  of  Separators.  T.  E.  O'Donoell. 
Engr — D9Q.  16,  07.  9  flgs.  2000  w.  SOe. 
Dlecnmea  tbe  practical  value  and  uaefnlaeea 
of  steam  aeparaton  In  all  ordinary  steam 
planta. 

0toaill*Pi>tv('r  rinntfi. 

Mechanical  Plant  of  the  Brooklyn  Insti- 
tute Building. — f.  Bng  Reo — ^Dee.  14,  o7. 
4  flgs.    4400  w.  20c. 

New  Mechanical  Equipment  of  the  Ea- 
largod  Tribune  Building,  New  York.  Eng 
Rec — Nov.  30.  07.    2  figs.    5000  w.  20c. 

Steam  Auxiliaty  to  Hydro-Electric  Sta- 
tion. Wm.  Lee  Church.  Blec  Wld— Dec. 
7.  07.    1  flg.    1700  w.  20c. 

The  Power  Phii.t  of  thu  Commercial  Na- 
tional Banic  Building.  Engr — Dec.  2,  07.  11 


flgs  JIOO  w.  20r  Describes  the  flre-tube 
boilcr.H.  vertical  compound  generating  unllS 
uud  Corliss  pumping  engines  used. 

Ktoiiiii  Turbines. 

Design  of  a  400-Kilowatt  Reaction  Tnr. 
bine.  Heurjr  F.  Schmidt.  Engr — Dec  16, 
07.  10  flgi.  2000  w.  20c.  Gives  methodi 
utilising  curree  which  eliminate  all  mathe* 
matlcat  work  except  the  elmpleit. 

I.ubricatinn  of  RenriiuRs  of  Steam  Tur- 
bines. Kdwaid  Russell.  Power — Dec.,  07. 
>0o  w.  40c. 

Practical  3ide  of  Steam-Turbine  Opera- 
tion. W.  J.  Kennedy.  Power — Dec.,  07. 
I  flg.  2600  w.  40c.  Gives  results  of  three 
rears*  experience  In  a  large  central  statfon. 

S'cani-TurlilnH  Const  rue!  ion. — il.  T. 
Fraukliu.  Mech  WId — Nov.  29,  07.  6  flgS. 
1100  w.  40c. 

Supplying  Oil  to  Tnrhineo.  Thomas 
Franklin.   Hedi  WId— Nov.  22.  07.    4  flgs. 

1800  w.  20c. 

The  Dake  Steam  Turbine.  Power — Dec, 
07.  8  flgs.  700  w.  40e.  Describes  a  turbine  in 
which  the  steam  la  made  to  repeat  ita  action 
upon  the  bndtet  of  the  same  wheel,  as  In 

the  Riedler-Stumpf  type. 

The  Hainiiton-ilolzwanh  Turbine.  Power 
— Dec,  07.  13  figs.  2000  w.  40c  De- 
scribes a  new  axial-flow  action  turbine  oper> 
attng  under  sueoesslve  stages  of  steam  ex- 
pansion. 

The  Zvoiiicnk  Steam  Turbine.  Klek  u 
Mascli — Nov.  2\,  07.    G  figs.    2000  u.  GOc. 

Describes  a  new  multistage  reaction  steam 
turhtne. 

SoperheAtod  Stenni  Fittings. 

Fittings  for  Superheated  Steam.  August 
H.  Kruesi.  W  Elecn — Dec.  7,  07.  2200  w. 
20c.  Paper  read  at  the  annual  meeting  ot 
the  Association  of  Edison  Illamlnatliig  Com- 
paniea  at  Hot  Springs,  Va.,  Sept.  lO-lfl.  07. 


MISCELLANEOUS. 

Photograpliiutr  Mavhiaery. 

Shop  Photography.   Macby — ^DeC,  07. 
flgs.    3200  w.  40c. 


1« 


METALLURGY 


COKE. 
Kopp«rs  Coke  Oven. 

The  Koppers  Coke  Oven.  Ir  Age — Dec 
12,  07.  11  flgs.  2^(U)  w.  2iic.  Des(  rilieh 
two  type.s  ot  (^rman  coke  ovens  operated  by 
waste  gates  1M  in  which  the  heat  la  readily 

controllable. 

COl'I'KR. 

Clasalfjring  Ore  with  Jigs. 

Jiga  aa  Classifiers  la  Ore  Dressing,  j.  T. 
Olidden.  Bng  and  Mln  Jl — ^Dee.  7,  07.  600 
w.  20c. 


BcOnlag. 

Notes  on  Copper.    A.  Humboldt  Sexton. 
Mech  Eng — Nov.  23.  07.    3  flgs.  4000  w. 

Deo,  7,  4700  w.  Each,  40(:,  XI.  Refining 
Copper.    XII.- -Wet  or  Leuchiug  Processes. 


Smeller  Snioko  I^iblcm. 

Smelter   Smoke,    with   a    Discussion  on 
•  Methods  for  Les.senlng  its  Injurious  Effects. 
L.  a  Austin.   Mia  and  Sc  Pr— Nov.  2t.  07 
3400  w.  20c. 


Digitized  by  Google 


THE  ENGINEERING  DIGEST 


109 


Technical  Education 


Amm  hriSUbt  tf  TirliiiliiD 

Luihh  Uuimiil7> 

SOUTH  BBTHL.BHSM.  PA. 
HENRY  S.  DRINKBR,  Preeldent. 
Courses  In  Clrll.  Mecbanlcal,  Mlnlns,  Metallarslcal. 
Electrical,  and  Chemical  Enflneerlnc,  in  Elaetrom^t&l- 
lurcy  and  Cbemlitiy.  Alao  Claaalcal  and  Literary  Course*. 

nr  fMctbar  lalttrmattwi,  tn  Baatatera  of  the  Unlraraltr. 
aad  tar  donrtpttaa  alnBlaca  of  tbe  dlfferant  eonraoa, 
adAwa                                   THB  UMUnBAR. 

cmOAOO.  ILUKOIS. 

VlN  PraiMttaB  ■Dgtawrlaff         AreMtaetonb  Oooi- 
pittoly  tqulpped  Ubormtorles  In  all  tirr  tirtmeDts. 

YMT-book  MDt  on  KppUcatloo. 

Chrluoii  School  of  Tecknology. 

Thom»»  S.  ClarlcBon  Memorial,  Potad&sa.  N.  Y. 
Organized  under  charter  of  th«  Untrcraltr  of  SUt* 
Of  New  York.    CoureM  l«adlQK  to  dccroo*  of  Bachelor 
«r  SetaBM  In  Cbomleal,  Clrll,  Electrical  and  Mocbanleal 
SBgtDMrlnr,  comprlsloc  tour  yeara  o(  thorousb  tralnlnc 
and  rc<:id«at  eollec*  woik  In  UMorr  aod  pntfltm  of  Ofi- 
nccriug     The  Clarksoa  BaUotlD»  yulUvM  quftarv. 
mailed  on  appUcatlon.   

mi.  a.  ALomoH.  mnnm. 

RcnstelMT  Polytechiiic  Imtitnte, 

TROY.  N.  Y. 
A  SCHOOL  OP  BNGINBERINO  AND  SCIENCE. 
Roada.  Battroada.  Brldgea.  Roofs.  Arches,  Dams.  Staam 
Bnglnea,  Blaetrte  llBflnas.  Dynamos.  Turbine*.  Ponnda* 
ttoDS.   Wat«r-Works.  Tunnels,  Sewer;,   Rivera,  Oaoaltw 
Chtmlc-al  Analysts,  Mloeralogy,  MetallurRy.  Aaaajrtag: 
For  catalogue  or  other  Information,  fti1i1r<>ii», 

HAL.MEK  C.  UICK::tT.,    Frr-  IJen'. 

OHIO  MOBTBERN  UNIYERSlTr.  ADA.  OBU. 
OoonM  ta  CtvU,  Mochanlcal,  Blectrleftl.  lUBta*.  Sial* 

taiy,  Munlctpal,  Arcbltectnre. 
THOROUGH.             PRACTICAL^  ECONOMICAL. 

Scbool  la  aeaaian  mo  entire  jaar.    No  time  llmtt  tor 
fndnatloa.  No  tMo.  Batv  waw  Vma,  Wo  iIto  otadOBtj 
«tat  thoY  oood.  vteB  OMf  BOM  IL 

TRM.  J.  nfOLLi,  Oioa. 

RoM  PotrtediDic  lostitnte, 

TBRBI  BAOTH.  INR" 

Courses  In  Mechanical,  Electrical  and  Civil  Bnrlneerlns. 
Architecture  and  Chemistry.     ExtenslTe  Shops.  Oom- 
pletely  equipped  Laboratories  In  all  Departmenta.  BB> 

For  oauiogue  or  special  tnlonnatlon.  add/aw. 

a  u  uaaa,  Piwtaajt. 

Testing  Laboratories 

Dr,  Peter  T.  Autten,  F,  C.  S. 

ContnltlnK  Cheilrt  Mid  Sxport 

RfinedrlnB  D«f#ct9  In  Procoeeea.    ImprorlnK  and  Tn- 
TsntluK    Processes.      Improving    Quality    and    Yield  ot 
Producta.    Teallu  and  Reporttnc  on  New  Proeeaaea. 
MaoalaetotMO*  'mnto  ud  Problema.    UtiUslat  Waatea 
Md  Br-FrodiMtiL  BBil—lBE  sod  PurUjrlns  Water  Supply. 
RodBclBg  MaaallMtarlas  Ooate.  limriaMaMl  Tiato  and 
SnwuSttoaa.                      »  Hao  SL.  NBW  YOBK. 

RVha^^M^a.  Meade  '"rssis^ 
Testing  Laboratories 

Kiparla  «n  Portland  Camaa* 
and  Concrete 

Th»  ladtutrial  Laboratoriea 

No.  HU  Front  Strett, 
New  York  City. 
ConsulftDK   !ii;'l   Aaaiyiica)  Chinii-I-. 
Dealgo  and  Supcrvi^ic  Coostrucllon  of  Chemical  Planla. 
PumJati  Advlc«  WbercTer  Ctwmlcals  are  Mada  or  Uatd. 

Cement  Inspection  and  Tests 

Mill  Inspection,  Standard  Tests, 
Expert  OpinioiUh  Cbemkal  Aaaly- 
aaai  Sciantific  iDTeatigatioaa. 

NAZARETH^  PENNSYLVANIA 

if  •  Mm  TOEPUl*  FlttD.,  Dlroatov 

HklvHi  TccUcd  UhmlMy 

Teetlng,  Consnltiog  and  ABalytlcal  ClMmm> 
Analysea  and  Reports  oiada  ta  all  Biaaefeai  of  todoa* 
trial  Cbemistry.    Expert  Awlitaaco  ta  all  Bfaa^ta  «t 

Cbamical  BnslseerlnK. 

8840  Lafayolto  Bovldrard.  DBTROIT,  MICH. 

ANALYSIS  DISCLOSES  ^ 

A        NATURE'S  SECRETS'^ 

SB          a-rl  K  rklliirdirriuileeproTlded. 

Pr<>ccA-<<>atiU(iri>v«d.  Ooonael  a  IM 
and  expert  evIdsDce,  Aaiiay  ntoraaiallays, 
watnr  and  fuels.  •<<;.  InrentOfaanlllMl. 
Inatracttoo.  IfTmWtnhfil  wwi 

aORASNOCK  USORATORtES,  CHICASO. 

rj->         11  Jf*        A.  ^  nrcctsary  to  learn  ^^hat  articles  of  iprclfic  intcrctt  in  yrur  line 

A  en  iVitfttltCS  apfxarcd  during  the  mcvkua  roootb  in  tbe  tccbolcal  pctlcdicals  (f 

A_  .          w  America  and  Earopc.  Tbe  rngiDecriog  Digest  in  each  ii toe  ^Ivrs  a  clasiifird 

nnanth  d«icrip«tv«  iWlag  of  all  atticica  of  imcortance  afpeaticf  la  lltc  ctancnt  Iccb- 

jrWfCWC  flledpmi,anfecet«bldown1otb«flnl«fllMiiMOlhofta<K.  Ceaottlt  Ik 
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The  Elmore  Vacuum  Process  at  Dolcoath. 
Edward  Walker.  Eng  and  Min  Jl — Dec.  14, 
07.  5  flgB.  2100  w.  20c.  Describes  the 
buttessful  separaiiou  of  the  complex  tln- 
cupper-tuugsteii  ores  of  CornwvUf  iMMtO- 
fore  treated  with  difficult;. 


(SOLD. 

qyaaldlng. 

A  Cheap  Cyanide  Plant.  Chas.  Hunter. 
Mln  Wld — Dec.  1  1,  07.  1000  w.  2  0c.  Ab- 
stract of  paper  read  before  the  Inst,  of  Min. 
and  If  et. 

C'vriutdatlon  wl'Ji  the-  lirown  Vat.  Fran- 
cia  .sarvaer.  Mln  aud  Sl  IT— Nov.  30,  07. 
1  fig.    100  w.  20c. 

HiatAqr  of  .CyanidaUon.  PMUp  Argall. 
ma  and  Sc  Vr—Vov.  19,  OT.  8600  w.  Nov. 

80.  4200  w.  Bach,  20c.  Paper  read  before 
the  Colorado  Sclentlflc  Society.  Nov.  2,  07. 


The  Electro-Thermic  Production  of  Iron 
and  Stml. — I.  Jooepb  W.  Etdiarda.  Jl 
FraokUn  Inst — ^Dec.,  07.  11  Hgs.  4000  w. 
60c.  Dlacu8889  the  use  of  electric  fnmaow 
for  iron  and  steei  production. 


Slime  Agitation  by  Comprmicd  Air.  Geo. 
O.  L.yle.  Min  Rep — Nor.  81,  07.  1  fig. 
1800  w.  >0e. 

Sliminc  Ore  for  Cjanldation.  Mark  R. 
Lamb.  Mln  and  Sc  Pr— Not.  23,  07.  1000 
«.  SOc. 

Waste  Ueat  in  Slime  Settlement.  •  B.  J. 
Lascbfnger.  Min  Wld— Dec.  7,  07.  700  w. 
tOc  Extract  from  dlMnsaion  of  paper  road 
beforo  the  Cbom.  Met.  and  Hf.  Soc.  of 
6.  Af.*  t  ecently. 


IKON  Ai\D  STEEL. 
Fnmare  Gas. 

Tbe  Zscliocke  System  for  Purifying  Blast 
Furnace  Gas.  M.  Wolf..  0«nie  Civil — ^Nov. 
16,  07.   18  llgB.   4000  w.  60c. 


Electric  Drive  In  Roltlns  BUUa. 

Electrical  Machinery  in  Steel  Manufacture. 
"W.  T.  Deane.  Gen  Elec  Rev — Dec,  07.  7 
flgs.    3700  w.  20c. 

^  Electric  Drive  in  Iron  and  Steel  Mills.  W. 
IS,  Reed.  Bl  Jt— Dec..  07.  2  Use.  2400  w. 
80c. 

Eilc«!(rir  Fnmacett. 

Qualitative  Work  In  Steel  Manufacture 
and  Electric  Furniuo  Oporalion.  O.  Thull- 
ner.  Stahl  u  Elseu — .Nov.  za,  07.  i»ooo  w. 
Nov.  87.   6  age.   BOOO  w.   Bacb,  60c. 

Stasiano  Klectrlc  Fumaoe.  Mln  Jl — ^Dec. 
7.  07.  3  flgs.  1100  w.  40e.  Deaerlbes  a 
200-iiP.  and  a  lOOO-HP.  furnace  In  Italy  for 

the  tieatment  of  iron  ores. 

The  ICUctriciil  iaductlou  Furnace  and  it-i 
£mpioyiu«ot  in  the  Iron  and  Steel  Indus- 
trtoe.  V.  Bnclebart.  Biek  Belt— Oct.  31,  07. 
16  tgs.  1600  w.  Not.  7,  07.  8  flga.  4600 
w.  Nov.  14.  14  flsa.  1500  w.  Nor.  81. 
0  flga.   8600  w.    (Cone.)    Bacb,  40c. 


A  Furtbor  Study  of  Segregation  in  Ingots. 
Henry  M.  Howe.  Eng  and  Min  Jl — Nov.  30, 
07.  9  figs.  5200  w.  20c.  Suggesta  that 
surfusloti  and  quiet  are  reasons  why  Increase 
of  inKot-8i7.e  and  stow-coolloK do  not  always 
favor  segregation. 

Ilieclllc  Hieat  of. 
The  Speelflc  Heat  of  Iron.    P.  Oferboffer. 
Staht  n  Btsen — Dec.  4.  07.   2  flgs.    1800  w. 

60l- 

Ladle  C«r».  . 

MechantcBl  Contrivances  for  Use  in  Steel 
Work. — IT.  Fr.  FrbUch.  Z  V  D  I — Dec.  7, 
07.  2  7  figs.  2000  w.  60c.  Describes  cara 
end  cranes  for  the  Iran  nn  rtatlon  <tf  aurttSn 
metnl  /roiu  tho  conveners. 

Pytitfi  ftmeltinir. 

The  l  iinrtion  of  the  Hot  Blast  in  Pvrko 
Smelting.  L.  Parry.  Min  Jl — Dec.  7.  07. 
800  w.   80e.  I 

Bitkg  DispuKai. 

Slag;  What  to  Do  With  It.  Colbjr  M. 
ATory.    BUft  Wld— Dec.  7,  07.   1  ng,  000 

w.  20c. 

Steel  Mills. 

Tbe  nifnots  Steel  Company's  New  Rail 
Mill.  Ir  Ago— Xov.  28.  07.  s  Ars.  2800 
w.  20c.  Describes  new  works  locale<l  on 
ttie  bhore  of  Lake  Mlcblvaa,  at  South  Cbi« 

cago. 

The  Wttkowlta  GoBpuiqr.  Moravia.  Aoatrla- 
Hungary.  G.  B.  Waterbmiae.  Ir  Ab»— Dec 
6,  07.  6  figs.  8100  w.  20e.  Deaerlbes  the 
large  iron  and  steel  works  of  this  oompany. 

LEAD. 

Smeltint;. 

I.ead  Snu  lting  In  Utah.  R.  B.  Brfnsniade. 
Mines  and  .Min — Dec.  o7.  7  ti^s.  51o0  w. 
40c.  Describes  the  methods  in  use  at  the 
plants  at  Biosbam  Junction  and  at  Murray. 

Tlx. 

8<'paratlon  of  Tin  from  Tung^ttrn. 

The  Separaliuu  of  Tln-Oxlde  from  Wol- 
fram. Amos  Treloar  and  Ourth  Johnson. 
Min  Jl— Nov.  23.  07.  1  flg.  8600  w.  40c. 
Paper  read  before  tbe  Institution  of  Mining 
and  Metallurgy. 

ZINC. 

Electric  Smelting. 

Blectric  Zinc  Smelting.  F.  T.  Snyder. 
Min  and  Sc  Pr — Dec.  7,  07.  1200  w.  20c. 
Abstracted  from  Transactions  of  tbe  Trlstate 
Mining  Association. 
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TRADEMARKS.  COPYRIOHTS. 
JONES  A  BOURNE.  1122  P  St..  Washlnxton.  D.  C. 


O.  Li.  PAKKUK 

SOLICITOR  OF  PATENTS. 

Patenta  aecured.  RejKjrta  rendered  aa  to  patantaMlltr, 
validity  and  IntriogemeDt.    Patent  aulla  conducted. 

24  DleU  Bld«..  WASHINGTON.  D.  a 


PATENTS 
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ented at  once  and  turn  It  into  money.  If  It  Is  not  patent- 
able. I  will  tell  you  so.  Beat  service  lo  every  department. 
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free. 
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u  not  approached  by  any  known  product  for  the  following 

purposes,  viz.: 

Facing  for  concrete  construction  and  stucco. 
Ornamental  and  architectural  forms. 
Superior  substitute  for  terra  cotta  work. 
White  ground  for  terrazza  and  mosaic  work. 
Base  for  all  artificial  stone,  floor  and  other  tile. 
Special  sanitary  plastering  of  all  kinds. 
Architectural  landscape  work. 
For  setting  marble  and  light  stones  or  brick. 
Plastering  elevator  and  light  shafts,  etc. 

HAMMERSTEIN  &  DENIVELLE  CO. 

Sole  Agents  for  Berkshire  White  Portland  Cement  Co. 

NEW  YORK,  N'  Y- 


"SNOW  WHITE** 

Portland  Cement 
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Apex,  Law  u(. 

A  Remedy  for  the  Law  of  the  Apex.  Dr. 
Junes  Douglas.  Min  Rep— Nov.  21.  07. 
2600  w.  20e. 

BMite. 

Oeolonr  of  the  Virginia  Barite  Deposits. 
Tbotaas  wataoik.    Bull  Am  Inst  Min  Engrs 
Nov.,  07.  9  flgs.  7000  w.  |2.  Paper  nad 
at  the  Toronto  Meeting,  July,  07. 

OoalHInli^ 

An  Bnergency  Water  Snvplr  Cer  a  Coal 
Breaker.   John  H.  Haertter.    Bng  and  Mln 

Jl — Dec.  14,  07.     t  fiL:     ilOO  w.  20c. 

Coal  Mining  aucl  Coke  Making  Id  the  Trin- 
idad, Colunido,  District.  Eng  Ree — Dee.  14, 
07.    2  flgs.    4700  w.  20c. 

IMsaster  at  Monongah  Goal  Mines  Naei  < 

and  8.  Flovd  W.  Parsons.  Eng  and  Mln  Jl 
— Dec.  14.  07.  2  flgs.  1200  w.  20c.  De- 
Scrihos  the  probable-  causf  of  tbe  r-xplofiloii. 

Mining  the  Coal  .Measures  of  Michigan. 
Lee  Frascr.  Eng  and  Mln  Jl — ^Nov.  30,  07. 
8  figs.    ISOO  w.  20c. 

The  Operation  of  Coal  Mines  In  Montana. 

Floyd  \V.  Parsons.    Eng  and  Mln  Jl— Dee. 

7,  07.  6  flgs.  3700  w.  20c.  Describe*  the 
steam  cai-piislier  and  cylindrical  revolving 
motor-driven  tipple  used  In  the  mines  at 
Red  Lodge. 

The  Braden  Copptr  Miues  In  Chile.  Wil- 
liaui  Braden.  Eng  and  Min  Jl — Dec.  7.  07. 
6  flsra.  3200  w.  20c.  Describes  two  mines 
In  I lu'  Amies,  ih»'ir  unique  geological  otonr- 
reaco  and  the  ingenious  system  of  mining 
need. 

The  Copper  Belt  of  CallfomUki — III.  Her- 
bert Lang.  Eng  and  Mln  Jl — Nov.  :\0,  07. 
2  Acs     :,(MiO  w.  i^Oc. 

The  Gold  Hill  Copper  .Miti.-s.  and  iU  Di- 
velopnicnt.  Francis  C.  Nicholas.  Mln  Wld 
—  Dec.  7,  07.    4  flgs.    1300  w.  20c. 

Diamond  .>|inlii|c. 

Diamond   Mining.     Henry  Leffinann.  Jl 
Franlilin   Inst — Dec.,   07      2100   w.  60t;. 
Abstract  o(  a  lecture  dtlivcrid  before  the 
Franklin  lufctltute,  Nov.  17,  07. 
Ucvtric  Winding. 

The  Advantages  of  Turbo-Alternators  for 
Electric  Wiudiog.  Coll  Guard — Nov.  2»,  07. 
1100  w.  40c. 

BsptoslTca,  TcMing  of. 

ilf'lhods  of  Testing  Saft-'iy  Explosives. 
Bergassessor  Beyllng.  Min  Wld— Doc  7, 
07.  1200  w.  20c.  Extract  from  "Gluck- 
auf." 

Qool«>t>iriil  Survejr  Work. 

lU'iiiiions  of  Geological  Survey  to  Minini? 
Industry     Getrge  O.  Smith.     .Min   W  lii- 
Nov.  23.  07.     3800  w.    20c.     Paper  read 
befori'  Am.  Mining  Congress,  Joplln  meet- 
ing. Nov.  11-16,  07. 


UuUi. 

Methods  of  Sloping  at  Cripple  Creek,  Colo. 
G.  B.  Wolcott.  Kng  and  Mln  Jl— Nov.  SO, 
07.    S  figs.    2300  V.  20e. 

Modern  Gold  Dredging  Practice  and 
Equipment.  Horace  J.  Clark.  Mln  Wld — 
Nov.  30,  07.  3  flgs.  900  w.  Dee.  14.  S 
figs    1300  w.    Each.  20c. 

Structural  Geology  at  LeadviUe.  Mines 
and  Mln — Dec,  07.  8  figs.  8400  w.  40e. 
Describes  the  evidence  of  aseeifdtng  ore  so- 
lutions. 

The  Black  Sandt  of  the  Paciflc  Coast. — 
II.    David  T.  Day.   Mln  Wld— Dee.  7,  07. 

1300  w.  20c, 

Gold  ond  Sliver. 

The  History  of  Gold  and  Silver.  James 
W.  Molrolnipon.  Kng  and  Mln  Jl — Nov.  30, 
07.  3j(ju  w.  '20c.  a  summary  of  the 
aacient  and  modern  uses  of  the  precious 
metals,  the  sources  of  supply  and  the  effects 
of  supply  on  values.  Paper  presented  to  the 
American  Mining  Congress,  Joptln,  Mo.. 
Nov.,  07. 

Liibor-Savlng  Appliances  in  Mining. 

Labor-saving  Appliances  at  Transvaal 
Mines.  Eilwaril  J.  Way.  Engg — .Nov.  22.  (i7. 
10  flgs.  iZOQ  \\\  Nov.  29.  4  flgs.  4400 
w.  Each.  40c.  Papor  read  before  tbo  In- 
vUtution  of  Mechanical  Engineers.  Nov. 
16,  07. 

Lead. 

Chronology  of  Lead  Mining  in  the  United 
StuttH.  W.  R.  Ingalls.  Bull  Am  Inst  Mln 
Engrs — ^Nov.,  07.  5000  w.  - 12.  Paper 
read  at  the  Toronto  meeting,  July,  07.  - 

Lead  and  Zinc  Deposits  of  the  Ozark  Re- 
gion, f:.  li  Buckley.  Min  Wld — Nov.  30. 
07.  I'jtMi  w,  2iir.  Extract  from  report  of 
Dir«  <  toi  of  -Missuurl,  Bureau- of  Geology  and 
.Mines,  read  iiefore  American  Mining  Con- 
gress, Juplin,  Mo. 

Mine  limber. 

Stoel  Mine  Timbers.  Mln  Wld — Nov,  22. 
07.    IZ  flgs.    1700  w.  20c. 

Substitution  of  Steel  for  Timber  in  Mines. 
R.  B.  Woodworth.  Mines  and  Min — Dec, 
07.  7  ilgs.  4400  w.  40c.  Discusses  tim- 
b.  r  conditions  existing  in  the  anthracite  re- 
gion. 

Treatment  Mecbods  for  Preservation  of 
Mine  Timbers.  John  M.  .Nelson,  Jr.  Mlu 
Rep*— Nov.  21,  07.  2800  w.  20c.  Describes 
several  methods  and  the  cost  thereof,  as  »et 
forth  In  a  recent  Forest  Service  circular. 

FerciuMtlon  Drill  Practice. 

A  B  C  of  S(eam  Percussion  Drill  Practice. 
John  P.  Hufrliins.  EnK  and  Min  Jl — Dec. 
14,  07.  Il«s.  2MV)  w.  :'(*(■.  (Jivt^s  Pr;<c- 
tical  suggestion  for  unloading  and  setting 
up  Keystone  drills  used  In  testing  placer 
ground  in  California. 
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Bilrer-Li'ad. 

The  St.  Euprno  Silver-Load  Mine,  British 
Columbia.  Ralph  Stokes.  Mln  Wld — Nov. 
30»  07.   8  flSB.   2200  tr.  20c 

The  SIlver-Laad  Mln«s  of  Eureka,  Ne> 
vAda.  Walter  R.  Itts^lle.  Eng  and  Hln  Jl 
~Oec.  1,  07.  17  flgM.  0600  w.  SOe. 

An  Improved  Method  of  Mining  Sulphur. 
Herman  Fraach.*  Mln  Wid — ^Dec.  14,  07. 
2  flga.  goo  w.  20e. 


UnderKTOBOd  Haalngp. 

rnderKroiind  Haulage.  John  Bell.  Can 
Mill  Jl—  Dec.  1,  07.  6  figs.  5900  W.  20c. 
Pnt>*^r  read  before  the  Brttlih  Society  OC 
Mining  Students. 

SSliie. 

Miiilrij?  Sheet  Ground  'n  fhn  TnptiTi  Dis- 
trict.  Uoss  Brittaln.  Kng  ami  .Mln  Jl— 
Dec.  11,  07.     3  Ilgs.     1000  w.  20c. 

Zinc  Oxide:  lt«  Properties  and  Ueea. — II. 
W.  G.  Scott  Htn  Wld— Dec.  7,  07.  2000 
w.  20c. 
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Aiipibalt  Paveinente. 

Improving  Asphalt  Pavements  In  Kansas 
City.  E.  A.  Harper.  Mun  Eiikk — Dec.,  07. 
1000  w.    40c.    Paper  read  before  the  .\mer- 

Ican  Society  of  Municipal  improvements. 
Brick  Pavenieute. 

.Materials  for  FlHltiK  Joints  of  Brick  Pave- 
ments. W.  A.  HowbU.  Mun  Bngg — Dec, 
07.  1700  V*'.  4  Oc.  Paper  read  before  the 
American  Society  o(  Municipal  Improve- 
menta. 

Dwahflity  of  Pnveniont.s. 

The  IX'uaity  of  a  Pavement  a  Factor  In 
■p    Its  DuTahtllty.    J.  W.  Howard.    Mun  Bngg 
— Dec.,  07.    900  w.    40c.    Paper  read  be- 
fore the  American  Society  of  Municipal  Im- 

provementa, 

>lMi-«tdani. 

The  Construction  of  Mai  adaiiiized  Roads 
SuiUble  for  Modern  Traffic.  Thomas  Alt- 
ken.  Snnr — ^Dec.  (.  07.  4  BOO  40c.  Pa- 
per read  before  the  Glasgow  Assodatton  of 
Students  of  the  Inst,  of  Civil  Engineers. 

Machine  Mixers  for  Paving  Work. 

Machine  Mixers  for  Paving  Work.  Bngg* 
Contr — Deo   11,  07.    900  w.  20c 

HoaiN,  State's  IMity  Itegarding. 

The  State's  Responsibility  in  Road  Im- 
provement. A.  Marston.  Eng  Rec — Dec. 
14.07.  3300  w.  20c.  Paper  by  Ul  Offlclal 
of  the  Iowa  Highway  Commission. 

htreei  Cleaning. 

Municipal  Work  In  Frankfort-oa'MalA. 

Surv — Dec.  6.  07.  2000  w.  40c.  Dis- 
cusses street  cleaning  and  the  removal  of 

hoti>it'  refuse. 

Street  Cleaning  In  Boston.  Mun  Jl  and 
Engr— Dec.  11,  07.  1200  w.  20c.  Dis- 
cusses Uttering  of  streets;  three  classes  of 
refuae  advis<>d,  with  cost  of  each;  snow  re> 
moval  and  sprinkling. 

Street  Kiiginecring. 

Streil  Engineering.  Rutger  B.  Green. 
Jl  AssD  Engg  Socs — .Nov..  07.  2600  w.  60c. 
Paper  read  before  the  Detroit  Engineering 
Society,  May  24,  07. 


Street  Sprinkling. 

Data  on  Street  Sprinkling  at  Washington, 
D.  C.  £ngg-C0Qtr — Dec.  4,  07.  400  w. 
20e. 

TnOipiiig  Roller  for  ConipartlnK  Suh  ^rrsnJi^K. 

Compacting  Earth  for  Sub-yrades  ut  Koada 
and  Pavnuieiits  and  for  Reservoir  Embanli- 
ments  with  a  Tamping  Roller.  Engg-Contr 
— Dee.  4t  07.    1  flg.   000  w.  SOc. 

Testing  Paving  Materials. 

Sand-Blast  Apparatus  for  Testing  Paving 
Materials  H.  Burchartz.  (I«nle  CItII— NOV. 
16.  07.    7  llgs.    800  w.  60c 

Toronto,  Pavements  of. 

The  Pavements  of  Toronto.  Gives  ex- 
cerpts from  the  City  Engineer's  report. 
Bngg-Contr — ^Dee.  ll,  07.   1800  w.  20c. 

SBWERAOB  AND  SANITATIOIf. 

DraititiKe  System. 

A  Drainage  System  near  East  St.  Louis, 
ill.  Wllford  A.  Thompson.  Eng  Neva— 
Nov.  28,  07.    1  fig.    400  w.  20c. 

IMumhing. 

IMiimbing,  H<althy  and  Diseased. — I. 
Henry  B.  Davis  Met  Wkr-  D*'^.  14,  07. 
1400  w.  l'ai)t>r  read  befort-  tlie  Honie- 

opathetic  Medical  Society  of  Washington. 
D.  C,  Nov.  5,  07. 

Roughing-Iu  Pluiiibin;;  In  Buildings.  J. 
K.  Allen.  Dom  Engg — .Nov.  30,  07.  5  figs. 
1700  w.  20c.  XI  Soil-pipe  and  vent  fit- 
tings. 

PnbUe  OoMfort  8«atiott. 

The  Pabtlc  Comfort  Station  In  Denver, 
Colo.  Dom  Engg — Dec.  7,  07.  4000  W. 
2 Or  Gives  the  plan  and  details  of  the  sta- 
tion uud  the  complete  specificuliou. 

l*uriflratifin  «»f  Sewage. 

Elimination  of  Suspended  Matters  In  Sew- 
age. Surv — Dee.  6,  07.  6600  w.  40c. 
Qives  a  discussion  of  the  subject  at  the 
Leeds  meeting  of  the  Royal  Sanitary  Insti- 
tute. 

Sanitary  Engineering 

Sanitary  Engineering.  R.  B.  Owens.  Can 
Man  Jl— Nov..  07.  7000  w.  20c.  Paper 
read  before  the  Union  of  Alberta  Manldpall^ 
ties.  Medicine  Hat,  Sept.  17-18. 
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There  is  "But  One  Standard 
Publication  Upon  All  Forms  of 
Tortland  Cement  Construction 

"Concrete 

PubUsM  MBHMy,  PHu  $1^ Per  year 


€1  CONCRETE  is  the  most  widely  read 
jouma!  in  its  field  and  has  the  largest 
bona-fide  circulation  among  that  class 

of    people    directly    interested   in  the 

cement  and  concrete  industry. 

4  Its  editorial  matter  i»  practical  and 
definite.  It  carries  more  advertising 
than  any  other  journal  in  this  field  and 
its  advertisers  are  reliable. 

Send  Ten  Cents  for  Sample  Copy 


Cement  Sidewalks 


r  Plain,  everyday  advice  on  how  to 
make  cement  sidewalks  is  contained  in 
our  new  booklet,  "  Cement  Sidewalks." 
This  booklet  covers  every  i»art  of  side 
walk  raakinK*  and  is  designed  for  prac- 
tical purposes.  It  is  small  and  will  fit 
into  your  coat  pocket.   Price  25  cents. 


Concrete  Publishing  Co. 

23$  Newberry  Building,  Detroit,  Mich. 


P/UNTING  IN  COLO  WEATHER 

Hm  bo  terrors  tor  the  painter  ntliig  our  geo- 
uiBO  k«U1«  boiled  llnaeed  oil  paints  witb  spar 
varnish  drier — 

Our  Royal  Brand  o(  Black  Graphite  and  Eng- 
lish Red  Oxide,  at  low  factory  price  of  tX>  cenu 
per  gallon  In  barrels,  will  prevent  rust  and  pre- 
serve steel,  tin  or  ir  :i 

HffiTouccs— Heyl  »t  1'j.iierson.  Pittsburg.  Pa., 
and  I'onr.Bylvauia  Kiigliieerlni?  Works. 

Paints  or  Vamlsbes  In  any  quaotlty  for  any 
puipoBOt  dlraet  fram  futoiy. 

NEWCttTU  PMIT  a  VMMSN  CO. 

m  CtflU.  ML,  i>  t>  A. 


When  Making  Plans 

lor  your  next  advertising  cam- 
paign, be  sure  to  include  The 
Eofiiieering  Digest  in  your  list  of 
advertising  media.  If  you  have 
any  proposition  you  think  of 
exploiting,  let  us  teil  you  how  to 
present  it  advantageously  and 
inexpensively  to  representative 
Engineers  and  Technical  Men. 
If  it  is  something  which  would 
not  appeal  to  our  readers,  we 
will  tell  you  so. 

TIm»  Teehnfcikt  Lltei«tmre  Oo. 

220  rtroadway 
New  York 


"HAIRWs°GROWTH" 

A  copyrighted  book, — new,  i  .srUcularly  lnter<>8t- 
Ing  to  every  person  troubled  with  dandruff,  fulliu*; 
of  Um  iMlr  or  teldaoH.  jsailioo  Umltea.  Wriu  (or 
fr««  copy  to-«07. 

THK  MODEIIX  VACVVM  CAP  C^^. 
OOM  Uitrcluy  Block.  Donver,  Colu. 


PotroBtse  ENOINEERINQ  DIGEST  Advertisers  When  You  Can 
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Baltimore's  Sewerage  eud  Sewa^  Dis- 
posal.   Mun  Jl  and  Engr — Dec,  4,  07.  8 

figs.    4300  w.  20c. 

Sewag<*  Disposal  for  Institutions  and 
Small  Coinni  unities.  Thcodorf  Horton. 
Mun  Engg — Dec.  07,  8700  w,  40c.  Paper 
read  before  the  Conterenoe  Of  Nev  York 
Sanitary  Officers. 

The  Sewage  Disposal  Plant  at  WUmen- 

dorf.— I.  Htrr  Mueller.  Z  V  D  I— Dee.  14, 
07.    IS  figs.    60U0  w  60c 

Seirafte  PomptaK  Machbtery. 

Sowagi'  Ptimp!n!T  ?iTnchiiif-ry.  Mun  Jl  and 
Erif:r  Nov.  :'7,  u,.  j  flgs.  2600  w.  20c. 
Discusses  ttn'  (OBt  and  efficiency  of  gasolene 
and  electric  plants  In  a  number  of  small 
dUes. 

WATBR  SVPPLY, 

ObeckiiiK  of  Lf>«i*e«  and  Wnito. 

The  Pltonieter.  Edward  S.  Cole.  Jl 
Franklin  Inst — Dec,  1907.  5  figs.  31,00  w. 
60c.  De8Prlb#»8  an  instrument  for  measur- 
ing the  rate  of  flow  of  water  in  pipes  and 
Its  uses  in  cbecklns  underground  losssa  and 
waste  tn  water  distrllmclon  sjrstemi. 


OoMlleM,  Nev. 

The  Water  Supply  of  Gotdflcid.  Nevada. 
Rng  Ree — ^Dee.  7,  1907.    4  tigs.    3000  w. 

2  Or. 

Greelejr  (C<4o.)  OnivKf  System. 

A  OniTlty  Water  Supply  System  at  Gree- 
ley. Colo.  Eng  Rec — Dec.  H,  07.  S  figs. 
7000  w.  20c.  Describes  a  :;0-lnch  wood- 
stnve  pipe  line,  36  miles  long,  a  :u  "0- 
gnl  HtoraRe  and  sedimentation  babiu,  iwo 
l.L'.-i-acn-  slow-sand  flltrutlou  ba.sius,  and  a 
a,000,00O-gal.  receiving  and  distributing 
reservoir. ' 

London,  RnKlnnd. 

The  Future  Water  Supply  of  London. 
Engr  (Lond)— Nov.  29,  OY.  2109  w,  Dae. 
c.    1  !HMj  w.   Eacb.  40c. 

.Sund  J'ilUaUun. 

Sand   Filtration   of  Water  Supplies.  II. 

Andrew  Williamson.  Engg — ^Nov.  22,  07. 
SlOO  w.  40c. 

Water  Rates. 

Principles  of  Water  Rates.  John  S.  Hall 
— Can  Mun  Jl — Nov..  07.  2400  w.  20c. 
Paper  read  before  the  Union  of  Albert* 
llttnldpalltles.  Medectae  Hat.  Sept.  17-1 S. 


RAILROAD 


MANAOmHEKT  AND  CVERATION, 

I^cl  Costs. 

Tbe  Influence  of  Heat  Value  and  Dis- 
tribution on  Railway  Fuel  Cost.  J.  (3.  Craw- 
ford. Uy  and  Engg  Rev — Nov.  23,  07. 
2000  w.  20e. 

.Insurance  Rales. 

Railway  Insurance  Rules,  Ry  and  Engg 
Rev — Nov.  23,  07.  4700  w.  20c.  Gives 
rules  of  the  Soutliern  Ratlmy. 


POWER  AND  BQtlPMBXT. 

Brake  Teats. 

Vacuum  Automatic  Brake  Trials  on  the 
Austrian  Imperial  Slate  Railways.  Ry  Kngr 
— ^Dec.  07.   4  llgs.   2000  w.  20c. 

BolW  Water.  Treatment  of. 

Experiments  With  Electrical  Treatm<rnt  of 
Boiler  Water  on  the  El  Paso  &  Southwest* 
em  Railway  System.  J.  L.  Campbell,  Eng 
News — 900  w.  20c.  Abstract  of  a  paper 
In  Bulletin  91  of  the  American  Railway. 
Engineering  and  Maintenance  of  Way  Asso- 
ciation. 

Cars,  steel. 

Steel  Passenger  Kquipment.  Charles  E. 
Bnrba  and  .Marvin  Singer.  Am  Engr  and  R 
R  Jl— Dec.  07.  10  llga.  1800  w.  40c.  Die- 
cusess  the  design  of  tbe  underframes  of  steel 
ears. 


7GINEERING 

Omter-Ran  Tractkm. 

Traction  for  Inclined  Railwayt?.  R.  Bonnln. 
Z  V  U  1  —  .\ov.  23,  07.  2i  flgw.  4000  w, 
tjOc.  Describes  the  Hanscotte  system,  in 
which  a  center  rail  is  gripped  on  its  sides  by 
the  drivers. 

Dgniailiometer  Car. 

North-Eastern  Railway  Dynamometer  Car. 

.Mecb  Eng— Not.  23,  07.    4  figs.    1400  w. 

40c. 
Locomotives.  " 

Ixieomotlve  for  tbe  North  British  Railway 
Co,  Engg — Dec.  6,  07.  8  figs.  1100  w. 
40c.   Describes  a  new  hearr  expreas  engine 

of  the  Atlantic  type. 

Mechanical  S<oiviu,t;  on  Locomotives  and 
Marine  Boilers.  C.  S.  Vesey-Brown.  Cas- 
siers  Mag — Dec  07.    i  Sgs.   2100.  40e. 

Pistons  and  Valves  for  Superheated  Steam. 
R  R  Oa»— Nov.  29.  07.    6  flgs.   150  w.  20c. 

Test  of  Vauclain  Suin  rh">ater  on  the  Rock 
Island.  Ry  Age— Dec.  13,  07.  3  flgs.  1800 
W.  20c. 

The  Application  of  Highly  Superheated 
Steam  to  LocomotlTes.  Robert  Oarho;. 
Engr — Nov.  22.  07.    3  llgs.    ISOO  w.  Nov. 

29.  4  flgs.  3200  w.  Dec.  6.  5  flgs.  1800  w. 

Each  40c.  Give  fU  signs  of  locomotive  super- 
heaters and  details  o£  the    not  steam"  lo- 

'■unioi  i\  o. 

Motor  fur. 

Union  Pacific  Gasoline  Motor  Cars.  Rf 
and  Engg  Rev — Nov.  23,  07.  3  ftgs.  1400 
w.  20c.  Qivee  drawings  and  deaerlptlOM 
of  engines  and  truck. 
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WHAT  KIND  OF  LITERATURE 
AN  ENGINEER  CAN  BEST  AFFORD  TO  READ 

U  *  t*pie  of  Tilal  importanca.  mad  daMnra*  Um  c«r*ful  CMuMarmlion  of  all  aavioaara. 

Ah  the  enstneer  to  the  backbone  of  the  citizenship  of  tbeoooatty.  and  bM  great  inflaence  on  national 
opinloD  and  enterprtoe.  be  should  beweUsroaadadlnCbOMtUnsiwbMitoiMl  to  build  a  bettor  and  higher 
nattoullire.  Theraadlivof coodlltoratanirlll«aarttaaii«AoiaBr«aoth«ss«t^ 

oomelBOontact.  and  will  also  raise  hin  ntandards  oTllfe  and  make  his  tindertakincs  easier  and  more  sucoessful 

GENERAL  READING  IS  AN  Aa  OF  RECUPERATION 

Your  profeisslou  wears  out  the  tissue  of  your  mind.  Gooil  p'niliriK  nuurlHb.  -,  mul  tiiiildji  up  that  tlsMue. 
The  bettor  men  seem  to  have  time  for  iKioks.  Some  of  them  havt*  time  bocauw^  they  are  better  entjlneers  ; 
more  of  them,  one  tanclee.  are  better  onKineen  because  they  take  time  to  feed  their  inin<lH.  They  have  time 
for  Um  ««Mitlal  thlnsa  of  life  beoauso  their  bnlns.  being  well  fed.  have  tone  and  work  with  tearlaaa  precision : 
If  yra  M  n  man  tato  tliM  fto  gvQOfml  readlBg.  roar  gmenl  iMdiBff  wfll  gala  tta 

We  have  supplied  many  eneineen<  with  »etii  of  the  books  illustrated  herewttb  at  a  moderate  ooatto 
aatlafy  the  above-mentionotl  need  for  good,  wholesome  reading,  not  tacbnicaL  Them  eight  ▼olumea  of  the 

MASTERPIECES  OF  THE  WORLD'S  BEST  UTERATURE 

oompriae  the  best  witttoflaot  oter  two  hundred  of  the  greateat  aolboni  of  anetaataiid  noden  tliMa.aiid 

represent  all  ages.  EMh  Tolnme  is  complete  In  Itself.  Bdited  by  Jeannett*  L.  OlMer.  the  w«n>lnKVWB  Utarair 

critic. 

The  Classic,  the  Dramatic,  the  Humorous,  and  the  Lyri*-  writers  are  fully  r.  pp'srnti^l.  OjpiouR  Kelee- 
tions/rwn  Aristophanen  to  Kipling,  from  Aesop  U>  iiri>  here  formoii  inti'a  Liiirnry  of  over  aevcti 

Hundred  of  the  Beat  CompoaiUona  ever  written.  The  Miseloo  btyle  Book  Back  shown  in  the  Uiustration  Is 
aaot  niBB  with  aa^  aa»  of  books. 


READ  THIS 


neawnauMiw,  v.  T. 

PCBLISHKB : 

THX  XNOIHKEBIIIO  DIOIST, 
XKW  TOSS. 

DBaBtna:-^  taamnesivedthaaa««f  thaWoiM's 
Bast  UtonMan.  and  flad  dram  mwh  battsrihaa  I  bad 

any  rl^t  to  expect  lor  the  price.  They  aia  baadaamsly 
bound,  have  good,  clear  print,  and  ought  te  Ml  •  tlts- 
tiasa.  TlMgp  make  a  valuable  sddlttan  to  any  llbvaqr. 

Teara  tmlr« 

B.  A.  TOVIIO. 


Sent  prepulii,  for  $2.50,  Co  any  aihlreAN  in  the  I'nlted  States.  Canada  or  Mexico. 
Price  to  prohent  subncrll>rrH  to  The  i:infiiiei'r1iiK  IHKe«t.  #2.:t(). 

For  $8,125  we  will  send  The  RnKiiieerliiK  i)iK«"-t  lor  one  year  and  a  set  of  the  iMioks 
(Canada  and  l\>r<>iKn  poNtaf^e  extra). 

ir  not  aatisfkctorjr  in  every  respect  return  them  to  us,  and  your  money  will  be 
*efluMi«d. 

^  The  Engineeriog  Digest  r4 

CwJ^  220  Broadway  n       NEW  YORK 

Patroniie  BNOINEBRIKO  DI0B8T  Advertlaera  Whan  Ton  Can 
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l*a«wn^r  Station. 

The  New  Union  Station  at  Wasblngloa. 
F:  iliond)— Not.  29,  07.    13  flgi.  2000 

w.  -lOc 

Shopi. 

Some  Enciiitcrlng  Features  of  the  Par- 
sons Sbops  of  the  MlBsourl,  Kansas  &  Texas 
Ry.  Eds  R«e — Dec  7,  07.  9  llgi.  4700  w. 
20e. 

Tb«  RAadville  Locomotira  Repair  fihoiM. 
Ir  Age — Dec  S,  07.  14  llgl.  3200  w.  20c. 
Describes  a  veeent  New  York,  New  Kaven  4h 
Hartford  Railroad  ImproToment. 

Mgnallng. 

Pneumatically  Operated  Route  Indlcatton 

Signal.  Ry  Engr — Dec.  07.  6  flgs.  1800  w. 
20c.  Describe!}  Annett's  Route  Indicating 
Signal,  which  is  operated  by  a  low-preMQre 
pneumatic  gyHtt-ni. 

Railway  Signaling.  W.  E.  Foster.  Bl 
Jl — Dec  07.  6  figa.  8000  w.  20c  IX. 
The  Lancuage  of  Fixed  Slgnali. 

Track. 

Areas  of  Contact  Between  Wheels  and 
Ralls.  Oea  L.  POwler.  R  R  Gax — ^Dec  20, 
07.  IS  flgs.  2500  w.  20c.  Show*  from 
teota  that  weight  per  square  Inch  of  area  of 
contact  varies  from  28,000  to  52,000  lbs. 

Grade  Crossing  Abolition  at  Newtou  High- 
lands and  Newton  Centre,  Mass.  Walter  C. 
Wbltney.  £ng  Rec — Nov.  30,  07.  9  flgs. 
4100  w.  20o. 

Propoied  New  Rati  Sectlona.  Ry  Age— 
Nor.  22.  07.  0  flgs.  500  w.  20c.  De- 
scribes two  types  of  rail  sections,  ranging  In 
weight  from  60  to  100  pounds  per  yard- 
recommended  by  a  committee  of  tbe  Am.  Ry. 
Ass'n. 

Steel  Ralls:  Their  Mechanical  Treatment. 
Past  and  Present.  8.  F.  Fiero.  R.  R.  Gas — 
Dec.  20,  07.  2500  w.  20c.  Includes  table* 
giving  comparative  results  of  drop  testa  on 
rails  made  In  20  and  23  paaaee,  repectlvely. 


SmEBT  AND  BLBCmiO  RAILWAYS. 

Braking. 

Electrooiagoettc  Track  Brake.  Blec  Bngr 
tl^nd) — Nov.  29,  07.  3  flgs.  1200  w.  40e 
Describes  tests  on  tbe  Malay  electromagnetic 
brake,  which  the  Leeds  Corporation  are  ei- 

pcrlnientlniT  with  nn  ?onie  of  tb^^fr  cars. 

Tho  D.-i.  TniiiKirinn  of  the  Cot  icrt  Brakiner 
I'ow.  1  i  j  lit-  .\]>!i!led  to  Electili  ('-.n-a  ami 
Locomotives.  Jl.  M.  I'rcvost  Muri)hy.  Blec 
Ry  Rev — Nov  2:{.  07.  260U  w.  20c.  De- 
velops (ormnlas  and  gives  example  of  their 
use. 

Car  with  .Side  Koils. 

Car  with  Side  Rods  in  Fittsburg.  St  Ry 
Jl — Dec.  14.  07.   8  flgs.    000  w.  20c. 

ISl«-<-triculI}-  KquipiHHl  Itoads. 

Buenos  Ayres  Tramways.  El  Eingr— . 
Dec.  S,  07.    7  flgs.    1800  w.  40c. 


important  Eli-ctrital  ConBtnittion  at 
Buenos  Ayres.  .  St  Ry  Jl — [k-t.  7.  07.  2 
figs.  2400  w.  '  20c.  Describes  the  Locroio 
Tramway  Company  and  electric  railway  In 
operating  a  blgb-epeed  suburban  service  on 
right  of  way. 

Paris  Extension  of  Terrc  Haute  Lines. 
El  Ry  Rev— Dec.  14,  07.     8  figs.     800  w. 

20c. 

The  Atlantic  Shore  Line.  St  Ry  Jl — Dec. 
14.  07.    10  flgs.    2300  w.  20c. 

The  Indiana pijlis  &  Louisville  1.200-Volt 
Railway.  Elet  Ry  Rev — Nov.  30,  07.  13 
flgs.    2100  w.  20c. 

The  Milwaukee  Northern  Railway.  St 
Ry  Jl— Dec.  7,  07.  13  figs.  5100  w.  20c 
Describes  an  Important  Interurban  system 
serving  territory  north  of  MUwnukee,  Wis., 
operated  with  a  prodnoer-<aa  and  gas* 
engine  plant. 

The  Toklo  Electric  Street  Railway  Com- 
pany H^nry  K.  Brent.  St  Ry  Jl — Dec.  7, 
07,     1  flK     3800  w.  20c. 

The  Youngstown  ft  Southern  Railway. 
Blec  Ry  Rev— Nov.  23,  07.  3  flgs.  1200 
w.  20c. 

Freight  Service. 

Freight  Service  on  Electric  Railroads. 
Ry  and  Engg  Rev — Nov.  30,  07.  2200  w. 
20c.  Extracts  from  a  paper  by  H.  H.  Polk 
before  tbe  American  Street  and  Interurban 
Railroad  Association,  Atlantic  City,  N.  J., 

Oct.  11,  07. 

InterurtNiu  and  Hteani  Itoads. 

The  Relation  of  the  Interurban  to  the 
Steam  Road.  T.  Jay  Tomlinson.  Blec  Ry 
Rev— Dec.  14,  07.  1200  w.  20c.  Abstmct 
of  a  paper  presented  before  the  Association 
of  Transportation  and  Car  Acounting  Offi- 
cers, Chicago,  Dec.  11,  07. 

Maintenance  CostM. 

Analysis  of  the  Coet  and  Methods  of  Elec- 
tric Railway  Maintenance.  Albert  Herrlck. 
Bloc  Ry  Rev— Nov.  22, 07.  1  llg.  4300  w.  20c 
Abstract  of  paper  read  before  the  Central 
Blectrle  Railway  Association.  Indianapolis, 
Ind.,  Nov.  21,  07. 

Operating  Costs. 

Compsratlve  Operating  Costs  of  Electric 
and  Steam  Locomotives.  Ry  and  Kngj;  Kev 
—  .Nov.  23,  07.  600  w.  20c.  J.  E.  Muhl- 
tieid  before  New  York  Railroad  Clab. 

Orgunization. 

Organization  for  the  i^inall  Ele<tric  Kail- 
way.  H.  S.  Cooper.  \\  Kli  e — ^Dec.  7, 
07.  600  w.  20c.  PoriSou  of  a  paper  read 
before  the  American  Street  nml  liitrrurbau 
Railway  Association  at  Atlantic  City  on  Oct. 
17,  07. 

Organization  Problems  In  Steam-Railroad 
BlectrifleatloB.   Howard  8.  Knowlton.  Bug 

Mag  -TVr  ,  0  7     3200  W.  20e. 

Overheiul  CouHt  ruction. 

Overhead  Construction  on  a  Fifteen-Cycle 
Single-Phase  Railway  in  California.  St  Ry 
Jl — ^Dec.  7.  07.   4  flgs.    1200  w.  20c 
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Bt«i7  Advertlmr  is  ratitled  to  antry  in  tbi*  Dliwtory  without  wiilitional  rharsv,   Otlinri  may  llt««  Wtty  of  Hs 

rmii  un<lf>r  iinlt«bln  h<i»dln|(ii  Bt  95.00  p*r  IId«  n  year.   H«iMllnjn  will  Iw  Mtiiblfiih(>d  to  1 
When  writiiiK  to  miy  of  tbeM  cuiuvmi  pleM«  raenlion  The  KMOtNEKKlMO  Diokmt. 


I  meat  r«qiiii«B«Dl«. 


Ardiftecto*  and  Bngiaem*  SapfllM: 

A  Iluff  Co  .  DoKton.  MsMs. 
C  11.  HlgRlns  A  Co..  J71  Itih  St..  Brooklm,  N.  T. 
Kolmch  ft  Co..  I.IM  Fulton  St.,  New  Yorlc. 
K.  G.  Kueble  «  Co..  llt«  Fulton  St..  New  York. 
R.  SeellK  It  Son.  1(18  R.  Madl.ion  »t..  ChlcAgo. 

Blue  I*rinting  Mnrhinefi: 

Revolule  Machine  Co.,         W.  4.'.th  St.,  New  York. 
Iloilor  Makers'  TooIm: 
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ARTISTIC  CONCRETE  FOR  RESIDENCE 

CONSTRUCTION 

Bjr  ALBERT  R  MOVER,  M.  Am.  Soc  C  E. 

C0NDBN8BO  TROH  "CBiaEMT  *' 


To  tbe  lay  mlud  a  well-deflned  style  of  archi- 
tecture means  aomeUilttff  foUowlns  In  the  tMr 

ditional  footsteps  of  our  predecessors.  The 
development  of  a  new  style  of  architecture 
mut  Boceswrily  be  an  evolution,  eo  It  la  not 
the  writer's  Intention  to  discard  precedent. 

If  you  employ  concrete,  let  It  look  like  con- 
erete,  design  for  concrete,  eliminate  all  thought 
of  stone,  brick,  wood  or  plaster.  Let  the  house 
Stand  up  and  be  able  to  say  to  the  casual  oh> 
aerrer.  "I  am  solid,  itrons,  tuhetantlal.  dor- 

able,  beautiful,  and  am  of  concrete."  That 
which  looks  right  to  the  practiced  and  trained 
eye  is  right.  For  country  rsBtdeness,  narttew- 
larly  where  there  arc  winding  roads,  trees,  a 
hillside  and  possibly  rocks,  concrete  treated  as 
concrete  looks  right. 

In  nsiiiK  concrete  for  country  residences  T 
wish  the  reader  to  eliminate  from  his  mind  all 
thought  of  concrete  such  fas  he  sees  about  him 
in  retaining  walls,  bridse  abutments,  and  otlier 
work  where  concrete  has  been  employed,  but  to 
try  to  picture  a  concrete  made  of  aelected  ma* 
terials,  the  molds  or  forin.s  taken  off  as  soon 
as  possible  while  the  concrete  is  yet  green,  the 
surface  scrubbed  with  a  scrubbing  brush,  or  If 

the  concrete  is  too  stiff  a  wire  brush,  water 

being  sprayed  on  with  a  hose,  thus  removing 
all  mortar  which  has  come  to  the  surface,  and 
expoeing  the  larger  pieces  of  aggresatea;  in 
fact,  throwing  them  slightly  in  relief,  giving  a 
rough  antfaoe  of  accidentally  dlstrlbnted  differ* 
mt  oolorad 


As  the  walls  are  erected  in  ditCereot  courses, 
the  lower  eoumes  are  from  necessity  stained 
by  surplus  water  running  down  from  the  upper 
forms.  This  la  very  readily  removed  by  wash- 
ing off  the  walla  after  the  house  Is  completed 
with  muriatic  acid,  which  further  brightens 
up  the  different  particles  of  stone  and  removes 
any  cement  ataln  which  may  he  on  the  outatde 
surface  of  the  stones  or  the  mortar  which 
bonds  the  stones  together. 

The  aggregatea  uaed  In  the  bouse  oon* 
structed  by  the  writer  on  RldKCwood  Road, 
South  Orange.  N.  J.,  are  composed  of  1  part 
Portland  cement,  S  parts  Umeatone  and  white 
marble  screenings  about  the  size  of  sand,  5 
parts  of  %-in.  trap  rock,  and  1  part  of  1-in. 
white  marble  chips.  When  the  boarda  were 
taken  down,  the  surface  bad  the  appearance  of 
the  ordinary  dead  mouse  colored  concrete,  but 
as  soon  as  scrubbed  and  washed  with  a  hose. 

tiie  particles  of  trap  rock,  white  marble 
chips,  bonded  together  by  light  colored  mor- 
tar, were  ezpoeed,  giving  a  surface  which  was 
sliphtly  rou-ghened  and  a  color  effect  and  tox- 
ture  which  is  beautiful.  Photographs  do  not 
do  Justice  to  the  color  of  this  wall;  It  ts  brlirbt 
and  full  of  life.  By  reference  to  the  accom- 
panying illustration,  it  will  be  seen  that  the 
material  uaed  la  concrete  honestly  employed: 
tue  source  of  strength  Ib  evident,  durability, 
honesty,  simplicity  and  strength  being  tbe 
prominent  cfaaracterlstlGa. 

Thla  treatment  of  concrete  snrfaoea  nmoyea 
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Iiractically  all  the  board  marks  where  one 
course  ot  concrete  bonds  ontx>  another.  It 
ollmlnates  the  danger  of  temperature  oraeka. 
ttiair  cracks,  etc..  showing  on  the  surface,  and 
gives  a  wall  vhlch  Is  100  years  old  at  the 
Btart  and  vhleh  will  age  beautlfnitr.  Vines 
will  add  to  Its  beauty,  and  if  moss  pathers  on 
the  north  side.  It  will  be  still  more  beautiful. 
The  effect  ta  t^e  same  as  that  prodnoed  by  a 
century  of  age. 

The  difference  between  stucco  finish  or  mor- 
tar face  concrete  and  exposed  selected  larger 
aggregates  Is  that  the  stuccd  finish,  even  though 
scmbhed  or  treated  with  acid,  would  present 
to  the  eye  too  line  a  grain  for  the  large  space 
of  wall.  This  flno  grain  surface,  even  thouRh 
of  good  color,  becomes  monotonous.  Some  will 
say  that  the  finished  btocic  of  granite  shown  a 
fine  grain  aurfac'-  ■.vhiih  Is  beautiful,  forget- 
ting that  when  set  In  a  wall  the  surface  of  the 
wall  la  from  cottTenlence  and  aewaatty  br«ike& 


by  the  mortar  Joluts.  The  surface  of  exposed 
selected  larger  aggregates  gives  a  "Basso  Re* 
Uevo"  effect,  and  their  aooidental  therefore 
natural  distribution  throughout  the  concrete 
uot  only  avoids  monotony  but  brings  about 
extreme  beanty. 

Ornamentation  Is  obtained  by  using  hand- 
made tile  of  various  colors,  an  example  of  Its 
nse  b^ng  abown  In  the  aceompanylng  fUnatra- 
tlon  of  a  portion  of  the  front  wall  of  the  house, 
which  Includes  a  large  front  window  and  bal- 
cony. These  pieces  of  clay  are  bnmed  In 
many  colors  superQcIally  or  throughout  the 
body  and  unglazed.  The  tesserae  are  not  rect- 
angalar  as  In  Roman  or  Bynntlne  monlea»  bnt 

are  cut  in  multiform  shapes,  the  cOlltOUn  of 

which  help  to  delineate  the  design. 
We  are  Indebted  to  the  conrteay  of  the  Val" 

canlte  Portland  Cement  Co.,  New  York  City, 
for  the  use  of  the  Illustration  accompanying 
thia  arttde. 
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The  following  contribution  embodies  some 
gleanings  from  a  practical  experience  of  morH 
than  twenty  years*  eontlnuona  work  aa  a  con- 
tractnr?'  ontrlnecr,  n  resident  engineer,  and 
latterly  a  chief,  employing  concrete,  among 
▼arloaa  works  at  home  and  abroad. 

In  all  concrete  structures  It  Is  necessary 
that  the  foremen  should  thoroughly  under- 
atand  their  bnstnesa,  and  have  tbe  men  well  In 
hand.  T  have  not  found  It  practical  to  have 
more  than  ten  or  twelve  unskilled  men  to 
eadi  anb-foreman  or  working  ganger;  and 
I  have  ^  ipplemented  my  InKtnirtlons  by  giving 
to  all  Buch  men  a  set  of  printed  instructions 
whldi  embody  the  ewential  details  In  tbe 
authoritatlTe  style  similar  to  tha  military 
manuals. 

In  the  ease  of  relnforoed  concrete  the  num- 
ber of  sources  of  mistake  and  oversights,  which 
will  be  detrimental  not  only  to  the  best  re- 
Bulta,  but  sometimes  even  to  the  safety  of  tbe 
structure,  are  such  that  the  work  certainly 
should  never  be  entrusted  to  ordinary  con- 
tractors, and  H  la  most  Important  fbat  tbe 


resident  engineer  should  be  a  specialist  In  the 
materials,  and  versed  In  the  theory  of  stresses 
and  the  practical  detaUs  ot  Iron  and  ateel 

work. 

Hints  for  Resident  Engineers. — The  follow- 
ing are  a  few  preeantlona  wbldi  always  should 

be  t alien  First,  a  laboratory,  such  as  is  needed 
lor  the  tests  required  by  the  Standards  Com- 
mittee Cement  SpeoHlcatlon,  must  be  avalU 
able,  rind  a  lad  or  Junior  should  be  trained  to 
test  all  cement  continually.  Tbe  easiest  way 
to  draw  samples  la  with  a  grain  sampler,  or 
flour  sampler,  and  It  Is  a  good  principle  tO 
insist  on  every  bag  being  sampled. 

For  relnforoed  concrete  the  almple  test  for 
expansion  during  setting  is  very  important — 
and  for  all  work  the  time  of  set  should  be  first 
determined  In  the  laboratory,  and  the  qnlA> 
pf'ttinj^  conslfrnment  marked  on  each  cask  or 
bag  with  some  distinctive  and  easily  noticed 
brand,  and  placed  where  it  is  not  likely  to  be 
mixed  with  the  slower  setting  ordinary  cement. 
Before  being  mixed  on  the  work,  all  cement 
should  be  tested  for  qnldoiess  of  set,  becasss  • 
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AUTISTIC  CONCRETE  KOK  KKSU>E.NCE  CU.NSTKtCTlON. 

View  sbowiDK  surface  floish  of  exposed  selected  aggrcgati-s,  and  the  decoraliTe  effects 

obtained  by  the  use  of  tile. 


tblB  point  is  one  which  not  only  varies  con- 
tlDually  In  cements  apparently  the  nanie,  but 
varies  in  the  same  cement  according  to  its 
age. 

The  tests  on  the  works  must  be  of  a  rougher 
and  more  ready  nature.  The  essentials  are: 
First,  a  test  of  the  temperatures  of  the  cement, 
sand,  and  water,  by  a  thermometer;  secondly, 
a  test  for  quickness  of  set.  This  will  be  done 
by  mixing  a  pat  of  pure  cement  on  glass  with 


an  excess  of  water — e.  g.,  If  the  laboratory 
needed  18'.i  of  water  for  the  neat  briquette, 
over  20'/(  will  be  wanted  for  this  test.  The 
pat  will  bo  about  three  inches  square  and  a 
quarter  of  an  inch  thick,  and  so  fluid  that  it  is 
just  beginning  to  run  out  on  the  glass  to  a  very 
thin  but  not  watery  edge.  These  pats  should 
be  made  from  every  batch,  and  placed  under  a 
moist  towel  in  a  closed  and  sheltered  room. 
It  frequently  happens  that  the  cement  prove* 
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*n  hn  ♦do  qutrk  setting,  and  cakes,  while  being 
worked  i  in  tbat  case  it  Is  only  necessary  to 
add  more  water.  Tha  danger  of  worldiic  iip 
agala  comont  which  has  partially  set,  by  add- 
ing fresb  water  and  remixing,  and  perbaps 
•nrlchlng  It,  ts  greatly  esaegerated  In  the  pub- 
lic mind.  From  laboratory  tests  It  will  be 
found  tiiat  the  deterioration  of  such  cement 
la  bat  alight,  and  axcepi  for  danger  from  un- 
equal set  owing  to  variations  of  richness  In 
the  concrete  used  In  the  mixture,  this  could 
be  more  than  allowed  tor  bgr  a  email  extra 
admixture  of  fresh  cement  when  remixing  the 
partially  set  concrete.  The  cement  should  also 
be  cloeely  watdhed,  aay  variation  In  the  flne* 
ness  or  ingredients  can  readily  be  detected  hf 
rubbing  between  the  finger  and  thumb. 

Small  aam^ea  ct  the  mlyied  eonereto  ahonld 
be  taken  off  the  boards  at  stated  times  and  put 
to  set  In  some  conTentent  vessel,  say  a  tin. 
Theae  ahovld  be  earefolljr  kept  on  aome  part 
of  the  Btructurc  tinder  similar  conditions  as 
tbe  structure,  and  can  be  tested  from  time 
to  time  aa  an  Indication  of  how  the  atraoture 
is  maturing.  In  the  case  of  a  bridge  It  is 
always  well  to  have  at  least  ball  a  dozen  of 
these. 

A  most  Important  point  la  that  gage  boards 
should  be  so  placed  that  tbey  will  facilitate 
the  proper  mixing.  On  moat  works  the  habit 
is  to  gage  by  barrows  or  trucka  and  on  others 
large  mechanical  mixers  of  an  approved  de- 
algn  are  used.  Oceaalonally  thla  wholesale 
method  of  work  may  be  permitted  but,  gen- 
oratly  speaking,  in  the  case  of  reinforced  con- 
crete It  will  be  found  expedient  to  gage  and 
mix  on  a  i'I:in»''I  wooden  platform.  Tlio  plat- 
form should  be  carefully  leveled  witli  a  very 
lUght  gradient  from  the  gage  aide  to  the  de- 
livery side;  should  he  large  enough  to  enable 
the  material  to  be  gaged  in  fairly  wide  boxes, 
and  mixed  three  times  dry.  and  at  least  once 
wet,  before  being  liffoil  Info  the  barrows  or 
wagons;  if  to  be  thrown  from  the  platform 
directly  Into  the  work,  It  must  have  at  least 
two  mlxlnj;s  when  wet. 

The  best  way  to  prepare  the  platform  for 
mbdng  Is  to  sprinkle  sand  over  It  and  to  braih 
the  snnd  well  In  with  the  cano  brushea,  need 
on  the  board. 

The  dry  mixing  to  done  with  shoTela — and 
during  tho  third  dry  mixing  the  water  Is 
sprinkled  on  the  materials — the  heap  which 
then  results  to  raked  down  with  long>tlned 
rakes  and  then  tamed  by  shovels.  A  varia- 
tion frequently  adopted  is  that  the  sand  and 
atone,  to  go  through  a  half-Inch  meah,  aro 


mixed  once  dry  and  then  spread  out  In  shal- 
low layers,  and  the  cement  plastered,  dry, 
over  them,  like  spreading  batter  on  bread, 
then  both  are  together  thrown  through  a 
Ml -in.  meshed  sieve.  This  gives  a  very  good 
mixing,  and  to  welt  worth  the  trouble;  but 
care  must  be  taken  In  windy  weather  to  pro- 
tect the  mixing  boards  from  wind,  aa  other- 
wise the  fine  cement  duat,  which  to  tlie  beat 
of  the  cement,  will  be  largely  lost  in  the  air, 
ond  the  discomfort  to  the  men  will  be  ex- 
treme. 

Having  seen  fhat  boards  and  gage  boxes 
are  suitable,  there  are  several  points  on  which 
the  realdent  engineer  must  be  ertttcal  and  hard 
to  satisfy.  Naturally  the  broader  and  shal- 
lower the  boxes  the  more  material  can  be 
gaged  In  them.  Thus,  assume  that  tho  pro- 
portions are  to  be  1  purt  cement,  S  parts 
sand.  4  parts  broken  stone,  a  set  of  boaea 
which  might  be  used  would  be:  8  ft.  x  3  It. 
X  12  ins.  deep  for  cement,  4  ft.  x  3  ft.  x  12 
ins.  deep  for  sand,  6  ft.  x  4  ft.  x  12  ins. 
deep  for  broken  stone.  And  tbto  would  give 
equal  results  In  all  cases,  since  the  extra  Vi  in. 
which  the  unevenness  of  the  board  and  tho 
dllBculty  of  striking  a  level  top  suiy  be  reltod 
on  to  give  over  tho  exact  measurement  would 
mean  the  same  4  per  cent,  increase  to  each 
class  of  Ingredient. 

If,  however,  the  fy-ft.  y  4-ft.  gage  were 
made  twice  as  wide,  say,  $  ft.  x  8  ft.,  and 
only  41  Ina.  deep  and  the  sand  were  made  4  ft. 
X  6  ft.  and  only  R  Ins.  deep,  and  laid  on  lop 
of  the  stone  gage,  as  is  often  done,  the  extra 
bulk  which  would  go  to  the  atone  and  aand 
would  be  at  least  twice  the  extra  bulk  which 
would  go  the  cement,  and  1  have  known  con- 
traetora  gain  10%  on  thto  aggregate  by  tiito 
apparently  harmless  expedient,  where,  as  is 
usually  the  case,  the  cement  is  not  gaged.  The 
gaging  of  the  cement  on  the  works  la  nowadays 
but  seldom  done,  and  to  be  done  correctly  is 
far  too  difficult  and  tedious  a  process,  cons^ 
quently  the  only  place  where  It  should  be 
gag'  d  is  occasionally  In  the  store  or  at  the 
laboratory. 

THB  QUESTION  OF  INGRBDIBNTS. 

As  a  result  of  long  experience  and  many 
experiments  the  writer  has  adopted  what  he. 
has  found  to  be  a  general  rule  In  America. 
If  the  cement  mixed  with  throe  part.«  of  sand 
will  give  the  usual  300  lbs.  per  sq.  in.  tensile 
result  at  the  end  of  four  weeks,  I  have  no  heel-, 
tation  in  using  a  reinforced  concrete  consist- 
ing of  1  part  cement,  2  sand  and  1^  broken 
Stone.  This  to  permissible  whore  the  woxltp 
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Ids  stresses  will  reach  500  lbs.  compression 
ud  60  1bi.  teoiloB  per  wq,  Id.  TkeM  ktresMM 
may  be  applied  when  the  ttruttiirA  Is  one 
month  old. 

When  the  caaeret»  to  reqntred  to  he  wnter> 

tight  the  question  of  properly  proportioning 
the  Ingredients  Is  vital.  The  mixture  must 
he  giTen  so  thoroash  a  working  together  that 

TOlds  will  be  all  filled.  Unless  some  material, 
such  as  inferior  bricks,  pumice,  or  tufa  be 
used,  the  material  of  which  the  concrete  ta 

compounded  is  of  itself  prartirally  impervious. 
Clean,  sharp  sand  with  finely  ground  cement 
sets  Into  a  material  of  a  character  verr  Im- 
pervious to  ordinary  water,  so  that  a  mortar 
made  of  two  parts  sand  to  one  part  cement, 
where  the  cement  has  heen  sufficiently  flnid, 
and  well  enough  worliod  to  cover  all  the  sur- 
faces of  the  sand  particles,  and  to  flow  into 
■nd  completely  flli  all  the  spaeee.  will  give  «■ 
good  results  as  the  best  iion-absorbent  stone- 
ware, or  the  best  vitrified  brlclis.  When  such 
a  mortar  is  nsed  with  granites,  or  the  best 
quality  of  trap  roeks,  if  the  resulting  material 
should  prove  to  be  porous,  the  methods  of 
alktng  adopted  sre  at  fanlt. 

Having  decided  on  what  materials  will  he 
STallable,  the  method  of  finding  the  least  pro- 
portion of  cement  and  sand  which  will  give 
a  water-tight  concrete  is  as  follows:  Ohtaln 
a  truly  cylindrical  glass  vessel.  For  accurate 
results  this  should  be  of  several  gallons  ca- 
paelty  and  with  clear  graduations,  high  rather 
than  broad.  This  should  bo  placed  in  a  basin 
or  tray  of  almost  as  large  capacity  as  itself. 
Fill  the  vessel  with  water  to  the  brim,  see 
that  the  basin  in  which  it  stands  is  dry,  and 
then  gently  place  in  the  water  the  pieces  of 
material  the  interstices  between  which  are  to 
he  measared.  The  displacement  of  the  mate- 
rial will  be  the  quantity  of  water  which  flows 
over  from  the  vessel  into  the  tray  and  the 
dimwence  between  this  quantity  and  that 
which  was  originally  in  the  graduated  vessel 
is  the  measure  of  the  voldt^  or  interstices. 
This  qasntlty  can  be  measured  in  the  gradu- 
ated veesel  after  the  latter  has  been  emptied. 
If  the  method  of  taking  the  material  out  and 
reading  the  measure  of  the  water  left  in  for 
tte  measure  of  the  voids  be  adopted  thprp  will 
be  an  error  due  to  the  wet  material  having 
taken  a  certain  amount  of  water  away  with  it. 
Any  mistake  of  this  kind  will  be  in  the  wrong 
direction;  hence  the  method  first  desicribcd  is 
to  be  preferred.  Another  word  of  practical 
warning.  It  bss  been  recommended  that  the 
material  he  "gently"  placed  In  the  measuring 


vessel,  while  In  making  concrete,  the  material 
wonid  he  rammed,  tamped,  and  shaken  so  as 

to-  go  into  the  least  possible  sjiare.  The  rea- 
son for  the  different  treatment  In  this  labora- 
tory experiment  Is  that  materlat  when  in  water 
can  be  consolidated  much  better  than  could  be 
the  case  In  a  drier  state.  Any  attempt  to  con- 
solidate the  material  In  the  measuring  vessel 
would  result  in  a  better  eonsolidation  thaa 
would  be  obtained  in  practical  every-day 
work;  and  the  estimation  of  the  voids  would 
he  less  than  they  are  in  the  work.  In  this 
matter,  while  the  greatest  care  must  be  taken 
that  the  measurements  and  methods  be  scru- 
pulously accurate,  the  fact  must  not  be  lost 
sight  of  that  what  is  wanted  Is  an  estimate 
to  assist  in  guessing  what  will  take  place  In 

the  wori{.  The  rough  methods  of  practical 
work  demand  every  consideration,  and  where 
Judgment  comes  into  play,  things  must  be  so 
arranged  that  the  unavoidable  error  will  oeeur 
on  the  safe  side. 

In  the  ease  of  sand,  the  methods  of  gaging 
the  displaced  water  will  be  found  to  give  re- 
sults varying  from  about  379$-  m%  of  inter- 
stices. With  clean  broken  stonse  the  voids 
will  probably  vary,  accordliiK  to  the  material 
used,  from  46%  to  60%.  Taktn'g  them  as 
50^r  and  the  sand  at  40%,  the  aggregates,  as- 
suming perfect  mixing,  will  work  out  at  1 
cement,  2\i  sand,  and  5  broken  stones.  These 
conditions  admit  of  no  waste  nor  do  they 
assume  any  irregularities  in  the  mixing.  It  is, 
therefore,  as  well  to  state  positively  at  the 
outset  that  with  no  ordinary  material  Is  it 
possible  to  get  a  concrete  made  of  1,  2^  and 
S  which  wlU  not  leak,  and  la  the  ease  of  a 
narrow  wall,  leak  badly. 

It  may  seem  surprising,  but  In  the  labora* 
tory  1  have  with  the  most  thorough  and  accu- 
rate tests  verified  that  frequently  concrete  is 
not  only  made  more  porous  by  washing  the 
sand,  but  Is  actually  sometimes  made  weaker 
la  tensile  and  compressive  strength,  and  as  a 
rule  I  do  not  recommend  that  sand  should  be 
washed  for  reinforced  concrete  work.  I  have 
on  occasion  abandoned  sand  whldi  could  be 
procured  at  28.  6d.  per  cubic  yard,  but  which 
required  washing,  and  have  purchased  In  place 
of  It  sand  at  13a.  6d.  per  cnbls  yard,  where  my 
material  was  reinforced  concrete  for  a  bridge 
span. 

With  1,  2  and  4  for  the  proportions  It  Is 
Just  possible  to  obtain  a  fairly  water-tight 
concrete  with  the  best  possible  working. 

With  osrtaln  klnda  of  stone,  such  as  Uie 
millstone  grits.  It  Is  practicable  to  uce  all  one 
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material  becaiue  the  crushioK  produces  suffl- 
«l«iit  Mnd.   In  the  case  of  trap  rock,  hov- 

ever.  the  "fine"  or  "dust"  material  contains  a 
certain  quantity  of  soluble  salts,  with,  an  ex* 
cenlTe  qnantltr  of  ahimbift,  which  cnusea  » 
swelling  of  the  material,  and  may  lead  to  dis- 
integration of  tbe  concrete.  Consequently, 
thia  mmterlal  ean  only  1>«  tised  whw  tr«U 
screened,  and  the  sharp  small  chips  Will 
found  to  be  the  safest  form  to  use. 

Cue  mttft  b*  taken  to  see  that  the  atone 
crnsbers  do  not  leave  the  stones  with  minute 
fractures.  Of  course,  there  are  stones  which 
win  be  badly  damaged  In  thia  way  under  any 
stone  crufiViur.  and  with  sudi  atintea  Only  hand 
knapping  is  allowable. 

Tliere  la  another  qtiestlon  ratsed  by  the  pracs 
ttee  of  using  broken  stones  of  larger  size.  I 
rater  to  the  use  of  large  stones,  commonly 
known  aa  "diaplacers,"  or  "plunu."  The  nse 
of  these  is  generally  considered  to  cheapen  tho 
work  and  greatly  to  Improve  its  quality  and 
atrength  If  pToper\7  bedded.  ObTlously,  the 
whole  difficulty  Is  to  secure  proper  bedding. 
If  the  "plums"  are  placed  too  doeely  together, 
or  are  disturbed  daring  ramming,  a  certain 
amount  of  cavitation  Is  inevitable.  On  this 
account  I  always  direct  that  the  least  distance 
between  dteplaoers  most  be  4  Ins.,  and,  atmt- 
larly,  that  tliere  nuist  be  i  ins.  between  dls- 
placers  and  the  shuttering.  It  larger  ram* 
ttlng  tools  are  used,  this  apace  may  hara  to 
be  greatrr,  so  that  the  ramming  can  be  ef- 
fectively done  at  every  point.  Where  there 
are  cranes  provided  to  lift  the  dlsplac»rs  and 
b"d  heavy  .stones  weighing  several  tons,  care 
must  be  taken  that  they  are  not  placed  so 
closely  together  as  to  prevent  workmen  from 
freely  working  round  every  side. 

The  small  boulder  class  ot  dlsplaoer  is  ob- 
jectionable from  every  point  of  view:  it  Is 
much  harder  to  obtain  clean  and  free  from 
inferior  rock,  and  unless  practically  cubical 
In  ahape  It  la  bothersome  to  bed  and  does  not 
give  the  volume  of  displacing  material  If  prop- 
erly spaced  that  the  larger  stones  will  give. 

The  writer's  practice  has  been  to  pay  a 
"flat  price"  for  the  whole  finished  concrete, 
and  only  to  allow  such  large  displacers  as 
haTO  been  approved,  numbered,  and  checked 
at  the  quarries  to  go  Into  the  work.  In  all 
my  works  I  supply  the  contractor  with  the 
cement,  so  that  the  people  for  whom  the  work 
la  being  done  have  the  whole  benefit  from  any 
saving  in  the  quantity  of  cement  used. 

The  question  of  possible  unequal  expansion 
With  heat  In  this  material,  from  the  dlfferencea 


between  the  expansion  coefficient  of  concrete 
and  atonee.  Is  not  ao  serious  aa  at  flrat  tt 

might  appear,  because  e.xcept  with  the  richer 
mortars  1  or  2  to  1,  where  the  coefficient  of 
expansion  la  aometlmea  aa  high,  aa  .000011 
per  degree  Centigrade,  the  expansion  of  con- 
crete will  not  be  found  to  vary  materially 
from  the  expansion  of  the  rock  material  prln> 
clpally  used  in  its  construction;  and  where 
the  richer  mortars  are  used,  the  tensile  strength 
of  the  mortar  la  such  that  the  slii^  nneanal' 
expansion  cannot  cause  any  str  ilr.  that  Is  not 
well  within  the  permissible  internal  strain  ot 
the  material.  Thla  remark  appliea  to  all  t«n- 
peratures  short  of  those  which  could  be  ob- 
talned  by  a  fierce  combustion  under  a  draft. 

A  great  deal  haa  been  written  on  the  In- 
feriority  of  concretes  made  from  gravels  Tl;e 
generally  accepted  idea  is  that  the  rounded 
Burfaeee  do  not  give  lo  good  a  key  for  ttm 
cementing  mortar  to  catcll  oa  to*  and  that  lb* 
adhesion  is  Inferior. 

Personally,  I  have  not  had  enough  labora- 
tory tests  to  rely  ou  hi  the  matter,  but  I  am 
strongly  in  favor  of  gravel  concrete,  and  have 
met  many  eaeee  where  ft  waa  anbetantlally 
better  and  stronger  than  an  apparently  equally 
rich  stone  and  sand  concrete.  Incldentallyt 
It  may  be  mentioned  that  the  greatest  users 
of  reinforced  concrete,  so  far  as  T  have  sfi<  n 
their  works,  have  all  shown  a  preference  tor 
gravel,  and  senerally  without  or  witti  *  very 
slight  admixture  ot  other  material  eioept  the 
cement. 

METHODS   OP  CONSTRUCnON^"FAL8S- 

WORK"  AND  FINISH. 
In    modem    concrete    work,  reinforced 
aa   arches   or   beama,    used   In    place  of 

cast  Iron,  steel  or  timber,  for  Joists,  for  flre- 
pruoflng,  or  for  decking,  the  designer  finds  his 
responsibility  great,  and  he  muat  arrange 
for  and  specify  in  detail  every  particular  of 
construction,  making  elaborate  plana  of  the 
"falsework,"  showing  every  joint  in  the  "fram- 
ing." and  giving  the  dimensions  of  "shutter- 
ing." The  commonest  mistake  ia  to  use  too 
light  timbering. 

Generally  speaking,  to  secure  sightly  finish 
the  shuttering  should  not  be  less  than  2 
ins.  thick,  and  of  well-seasoncd  pine.  The 
best  timber  fa  yellow  pine.  If  the  surfaces 
are  to  be  exposed,  the  boards  should  be 
planed.  For  ordinary  rough  work,  the  sur- 
facing which  the  buzz  machine  puts  on  the 
timber  will  suffloe.  Care  must  always  be 
taken  that  the  Joints  are  planed  to  give  a  per- 
fectly tight  fit,  aa  otherwlae  the  concrete 
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should  always  be  made  Tory  fluid,  will  run 
•way  thrav^  the  Jolnta,  leaving  slight  cavi- 
ties. A  common  American  method  of  seour- 
ing  tightness  is  by  using  oiled  paper,  which 
may  be  either  nailed  or  glued  to  the  surface 
of  the  shuttering.  When  a  finished  surface  la 
wanted,  it  is  well  to  remove  all  laggings  and 
shutterins  as  early  as  it  can  be  taken  away 
with  safety  to  the  structure,  and,  before  the 
surface  has  set  hard,  get  it  rubbed  smooth  with 
a  liurd  wood  surfacing  tool,  and  then  rub  on 
»  good  thick  wash  of  pure  cement.  To  secure 
a  uniform  color  some  suitable  pigment,  such 
at  dlfome,  may  be  added  to  the  coacreto. 

A  more  important  point  la  the  framing  to 
carry  the  shutters.  The  members  of  this 
should  be  designed  close  enough  together,  and 
of  stout  enough  scantlings  to  be  quite  rigid, 
and  admit  of  the  hard  ramming  of  the  con- 
crete, without  that  damaglBS  Tibration  and 
Jumping  which  often,  where  work  bi  going  on 
oontlnuously  for  several  hours,  causes  the 
working  on  the  fresh  BtufC  to  Jar  the  earlier 
work  •which  is  just  beginning  to  set  Then 
they  must  be  jointed  and  tied  together  in  such 
a  way  that  aa  aooo  aa  the  cencrcto  has  begun 
to  act  they  can  be  eased;  and  then  when  they 
come  to  be  removed  that  they  may  fall  right 
away  from  the  finished  work,  which,  unless 
very  firmly  set,  will  always  be  liable  to  chip- 
ping or  even  serious  damage  from  any  Jam- 
ming or  forcing  due  to  drawing  asunder  the 
timbers,  which  have  swollen  with  the  moisture 
of  the  concrete  In  working.  A  little  skill  In 
the  nse  of  wedges  will  allow  of  almofit  all  that 
is  wanted  belnq  obtained  with  them.  Screws 
and  tenon  joints  will  do  tho  rest.  Where  the 
pressures  are  considerable,  hurd  wood  and 
soft  wood  wedges,  used  in  pairs,  driven  In 
opposition,  are  best,  and  give  a  level  uniform 
bearing  which  cannot  be  got  in  any  other  way. 

In  the  case  of  reinforced  concrete,  a  detail 
of  great  importance  is  the  provieion  of  means 
tor  holding  the  steel  reinforcements  in  iheir 
places  while  concrete  material  Is  being 
rammed  round  the  reinforcing  framework. 

Expansion. — A  matter  of  great  Importance 
Is  to  make  pmvl^iou  fur  expansion  during  :tiul 
after  setting,  in  the  case  of  floors  in  a  store, 
It  Is  possible  that  the  nature  of  the  service 
niav  preclude  much  olian^o  of  temperature, 
and  tho  only  oxpausiou  to  be  provided  for  will 
he  whatever  occurs  in  the  chemical  and  phys- 
ical changes  of  the  setting  of  the  concrete. 
With  a  good  cement  protected  from  rapid  des- 
iccation by  being  covered  and  kept  continuously 
wet  until  well  set,  the  only  provision  Is  such 


as  slacking  the  wedges,  and  freeing  the  con- 
crete from  external  Btresscs  coming  upon  it; 
quite  a  large  area  will  stand  without  any  sign 
of  distortion,  because  the  strength  of  the  ma* 
tcrial  against  compression  is  so  great  that  any 
Internal  compressive  stress  it  may  receive  due 
to  its  own  expansion  will  have  no  detrimental 
effect.  With  a  subsequent  cooling,  however, 
unless  the  material  has  been  very  well 
strengthened  by  relnfereemeat  acalnst  tenalla 
stresses,  and  is  of  suillciently  rich  aggregate 
to  give  good  adhesion,  cracks  are  bound  to 
develop.  The  extent,  however,  to  which  well 
designed  and  constructed  reinforced  con<  reie 
will  take  up  such  stresses  is  simply  amazinic 
to  anyone  with  preconceived  prejudloeo  from 
experience  with  ordinary  concrete.  It  can  be 
ahown  theoretically  that  there  Is  no  necessity 
to  make  provision  against  failure  from  ex- 
pansion and  subsequent  sKrinkage.  Where, 
however,  the  necessity  for  such  provision  for 
expansion,  e.  g.,  expansion  Joints,  comes  in,  is 
when  unrolnforced  or  partially  reinforced 
parts  are  carried  on  reinforced  works  which 
have  been  so  placed  and  designed  as  to  admit 
of  some  breathing  or  distortion. 

I  have  merely  attempted  to  give  some  rou^h 
practical  points  In  connection  with  this  most 
important  question.  There  are  a  great  num- 
ber of  abstruse,  and  often  puzzling,  phenom- 
ena, arising  from  questions  of  etastidty.  which 
would  demand  a  special  treatise.  One  prac- 
tical point  of  frequent  occurrence  should,  how- 
ever, be  noted — ^this  is  what  Is  known  as  the 
"map  cracks."  which  almost  always  occur 
sooner  or  later  on  well  finished  and  smooth 
cement  surfaces.  These  can  to  a  great  ex- 
tent be  obviated  wlien  the  surface  is  carefully 
covered  and  kept  moist  until  it  has  very  thor- 
oughly set. 

If  the  cement  is  of  the  very  best,  and  the 

Hurfacc  Is  not  too  soon  exposed  to  the  sun  or 
drafts,  there  is  every  probability  that  no  "map 
cracks"  will  oeenr  with  such  works.  With 

internal  surfaces,  a  common  expedient  Is  to 
rub  down  tho  surface  with  a  rich  mixture  of 
cement  and  water.  Commonly,  this  mixture 
Is  weakened  by  an  adulteration  of  about  70% 
of  lino  sand  being  mixed  or  ground  into  the 
cement.  Whether  this  has  much  real  benefit 
in  preventing  these  fine  hair  cracks  from  oc- 
curring I  am  not  prepared  to  say.  However, 

from  not  having  so  dark  a  color  or  so  smooth 
a  surfaee  It  is  much  mora  dlAeuIt  to  notloa 

them. 

The  question  of  tho  adhesion  of  the  mortar 
to  the  steel  Is  most  vital;  without  it  the  grid 
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does  more  harm  than  good,  making  a  plajie 
ot  dMBton  in  the  middle  of  the  material.  It 

cannot  be  too  strongly  urged  that  the  best 
way  to  Insure  adbeslon  is  to  make  the  mortar 
irith  plentsr  of  water,  and  uae  plenty  ot  oement 
in  Its  toinpoaltlon. 

A  great  deal  baa  been  said,  and  there  are 
many  different  Tlews  on  the  qoeitlon  of 
whether  rust  Injuriously  affertB  aiheslon.  I 
bad  a  number  of  laboratory  experioients  made 
to  determine  thla  Queatlon,  and  In  almost 
eyery  case  the  clean  wire  was  found  on  tests 
up  to  three  months  after  setting  to  give  the 
better  adhesion,  and  In  aome'  eases  the  sn- 
perlorlt}'  was  very  marked.  Consequently  I 
adopted  the  rule  that  all  mild  steel  or  wrought 
Iron  rods  should  be  cleaned  before  being  eat 
11?  'n  their  sizes  for  the  work,  then  painted 
with  cement  wash,  and  stored  handily  for 
assembling  on  the  work.  In  factories  for  the 
manufacture  of  reinforced  concrete  articles, 
the  rule  is  to  use  only  the  best  tinman's  wire. 

Practical  Points  on  Kelnfordng  Steel. — 
Generally  speaking,  the  points  which  most  de- 
mand attention  iu  designs  are  not  so  much 
questlona  of  the  factor  of  safety  nor  the  exact 
position  in  which  the  reinforcement  la  placed, 
as  the  practical  considerations  of  whether  the 
reinforcement  can  be  Introduced  and  kept  in 
the  desired  place  while  the  concrete  Is  being 
rammed  or  tamped,  for  any  subsequent  move- 
ment would  have  a  very  prejudtdal  effect. 
Movement  while  being  embedded  in  the  con- 
crete will  probably  disturb  things  so  tliai  the 
reinforcement  will  not  be  situated  exactly 
where  It  is  designed  to  be  situated,  while 
movement  after  the  concrete  has  begun  to  set 
win  mean  that  the  adhedon  between  the  con- 
crete  and  the  steel  will  be  destroyed. 

Among  these  practical  points  is  the  question 
ot  the  richness  of  the  mixture.  A  water-tight 
concrete  uhould  always  be  aimed  at.  I  would 
feel  much  inclined  to  rule  out  any  reinforce- 
ment which  made  a  general  use  of  such  rolled 
sections  of  Iron  or  steel  as  atiKles.  tees,  zees, 
or  crosses,  except  where  these  steel  sections 
act  Independently  of  the  concrete.  I  believe 
thai  iln-  rliief  cause  whv  1  have  always  found 
reinforcements  of  this  kind  to  give  unsatis- 
factory results  is  similar  to  that  which  makes 
external  angles  hi  ( oncrete  a  weak  point,  or 
that  makes  sharp  angles  in  cast  iron,  or  sud- 
den changes  of  section,  sources  of  danger, 
namely,  fhei-'.-  is  ,Tlw;iys  a  .-^tate  of  internal 
Stress,  and  that  the  strains  become  unequally 
and  Irregularly  distributed  when  there  la  any 
sharp  angular  shape  concerned  with  It.  To 


some  extent,  also,  I  have  found  an  otherwise 
nnnocouatabte  weakness  where  flat  iron  la  1b« 

trnduced.  It  Is  not  my  province  here  to  dis- 
criminate between  rival  systems.  My  own 
practice  is  to  stick  to  round  rod  reinforcement 
and  to  avoid  too  large  sections,  because  In 
such  large  bars  as  2  Ins.  In  diameter  and  ui>- 
wards,  either  the  lengtha  are  Ineoovenlently 
short,  or  else  there  is  a  danger  that  welded 
lengtlis  may  inadvertently  be  used.  I  would 
prefer  three  bars,  each  of  1%  Ina.  In  diameter, 
placed  so  as  to  break  joint  on  every  occasion 
to  a  single  2-in.  diameter  rod.  When  allow- 
ance la  made  for  the  thtmble  or  whatever 
Joint  is  made  to  take  up  tension,  It  will  be 
found  that  one  system  Is  not  more  bulky  than 
the  other. 

"Fatigue."- — So  far  there  are  no  classic  ex- 
periments on  the  fatigue  of  concretes  like 
Wtthler  and  Bausehlnger'a  on  steel  and  iron. 
And  the  records  of  such  testa  as  hnv.  1  een 
published,  e.  g..  Van  Ornum's  in  the  "Proceed- 
Ings,"  American  Society  of  Civil  Bnglneen,, 
vols.  I.I  and  LVIII,  suffice  to  show  hovr  great 
are  the  ditBcuitles  in  this  field  of  research. 
However,  from  its  behavior  under  highway 
road  traffic,  electric  tramway  traffic,  and  such 
railways  as  are  to  be  found  in  the  Alps,  one 
feels  no  anxiety  on  the  score  of  Its  dvrablll^. 
Certainly  none  of  the  failures  which  have 
been  recorded  of  this  material  can  by  any 
stretch  of  the  Imagination  be  connected  with 
either  old  ase  or  "fatlpuo."  So  far  as  the 
steel  is  concerned,  from  all  experience  of  this 
material  we  know  that  with  the  light  tensile 
stresses,  to  which  It  will  be  subjected  in  any 
well-designed  reinforced  concrete,  it  ought  to 
be  practically  everlasting.  Whatever  effect 
the  Imbedding  In  cement  mortar  could  have 
on  it  must  be  beneficial,  as  this  has  long  been 
proved  by  an  expertonoe,  now  ataaoat  meaaored 
by  centuries,  to  be  one  of  the  best  preBBrva« 
^ives  against  rust. 

On  the  other  hand,  ao  fkr  as  the  concrete  is 
concerned,  that  and  kindred  cements  have 
been  proved  by  an  unimpeachable  experience 
to  be  among  the  most  durable  of  all  materials. 

The  only  novelty  which  might  deniand  cau- 
tion is  the  mere  text-book  novelty  of  using 
masonry  in  tension.  Btit  anyone  who  has 
studied  old  work.s  Inteingently,  and  has  bem 
sufficiently  interested  to  calculate  the  actual 
stresses  to  which  they  have  been  and  continue 
til  bo  subjected  will  know  that  this  is  no  nov- 
elty, and  that  the  slight  strains  of  well-de- 
signed work  wUl  Introduce  no  element  of 
danger. 
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FLOW  OF  WATER  IN  OPEN  CONDUITS 


By  A.  p.  MERRILL 

CONOfiNSEO  PROM  "THS  BNQINfiBBINQ  KBCORD  " 

In  their  evolution,  the  principles  of  what  much  work  was  done  on  assumptlona  that 

we  term  "hydraulics,"  like  other  braachea  ot  were  erroneous,  and   were  necessarily  dis- 

awlM  BdMce.  lum  iMen  varlonriy  modlffled  oarded. 

and  changed  In  order  that  they  rnny  bo  mndf^  The  results  of  the  admirable  experiments 
to  conform  with  observed  facts.  It  was  about  commenced  by  Darcy  and  completed  by  Basin 
the  mlddto  of  tli«  •tgliteeath  eeotuiy  wbea  formed  tlie  iMsla  of  the  greater  part  ot  tha 
Brahms  and  Chczy  proposed  the  •well-known  investigations  main.  The  mcaEurements  re- 
formula,  V  =  C  V  RS,  and  It  has  been  very  corded  In  forty-one  ol  their  tables  or  "series" 
eztenatvely  aewl  since  that  time.  The  ooelll-  ware  need.  They  were  taken  from  "^dran- 
clent,  C,  was  at  first  supposed  to  be  a  constant,  lies."  by  TTnmlitrm  Smith,  Jr.  The  general 
but  as  time  advanced  and  experiments  began  conditions  under  which  these  results  weia  ob- 
to  be  made.  It  became  evident  that  the  es-  tatned,  and  the  mathode  of  azpertmantation, 
presslon  must  be  modified.  are  too  well  known  to  need  special  comment 
It  Is  a  little  curious  that  many  ot  the  Inves-  here.  Measurements  were  also  used  which 
tlgatore  have  accepted,  without  aneetlon,  the  were  made  on  the  Sudbory  Ckmdnlt  hf  Ftatoy 
relation  between  the  velocity,  the  hydraulic  and  Stearns,  on  the  IJnth  Canal  at  Grynau 
radius  and  the  slope  as  proposed  by  Chezy,  by  Legler,  on  the  Seine  at  Paris  by  M.  Poiree, 
end  hare  tamed  their  attention  to  the  coeffl*  on  the  flume  of  the  Paget  Sound  Power  Co., 
cient,  C,  aiming  to  find  some  law  by  which  It  In  Pierce  Co.,  Wash.,  by  Jos.  11.  Cunningham, 
might  be  varied.  The  most  noted  of  these  are  and  on  the  flume  of  the  Ulysses  Heat,  Light 
Gangttlllet  and  Knttw,  and  It  i»  the  law  pro-  ft  Power  Co.,  at  Taughannoek  Falle,  N.  T.,  by 
posed  by  thom  for  the  variation  of  this  coeffl-  Messrs.  Bell,  Goodrich,  Haefner  and  Thomp- 
dent  that  is  most  extensively  used  today.  This  son.  Besides  these,  there  were  results  used 
eipreaelon,  white  aomewhat  eumbaraoma,  hat  that  were  takan  from  the  Roi^ae  Boeri- 
been  made  quite  easy  of  application  by  the  ments  by  Capt.  Allan  Cnnnlnghamt  tad  alio 
various  dlagrtims  now  in  use.  Bui  is  the  gen-  some  made  by  Rlttinger. 
era!  law  with  which  Kutter'e  coettetent  Is  The  formula  Anally  daralopad  !• 
used,  correct?  While  the  e.vpression  proposed  VotCS'R** 
by  him  is  recognized  by  all  as  being  very  in-  in  which 

genloufl.  and  while  tb.9  mathematleal  skill  re-       Vi- velocity  of  flow  In  feet  par  Mooind. 

quired  In  its  development  la  no  doubt  beyond        8^=  slope,  or  the  sine  of  the  aogla  Of  InoU* 

that  possessed  by  many,  yet  if  the  Chezy  form-  nation  of  the  conduit. 

ala  does  not  InrolTa  the  true  law,  then  Kut*  hydraulic  radlua,  or  the  erose  sectional 

ter's  proposed  equation  for  the  coefficient  la  area   of   the  stream  divided   hf  tha 

merely  a  mechanical  device  designed  to  ena-  length  of  the  wetted  perimeter. 

bla  ne  to  approximate  the  truth  when  applying       Tlie  following  la  a  oummary  of  the  nnmarl> 

a  law  which  does  not  oxpross  It.  cal  results: 

It  was  while  the  writer  was  working  for  his  Ordinary  Conduits:  a  =  0.43;  b  =  0.869/Vo'u 
Ibater'B  degree  at  the  University  of  Michigan  O 

that  Prof.  Gardiner  S.  Williams  propoeeJ  V:i>3  For  unplaned  plank  s  7< 

subject  "Flow  of  Water  in  Open  Conduits"  as  For  lath  in  flume  .12'  c.  to  c. . . .  ea  (4 

a  coltable  one  for  a  theolfl  Investigation,  and  Por  lath  In  flume  .16'  e.  to  e  »  44 

the  Buggostion  was  gladly  accepted.    In  study-  For  pure  cement  $4 

Ing  this  subject,  the  writer  aimed  to  cast  aside  For  small  gravel   66 

all  preconceived  notions  as  to  what  tha  varl-  For  large  gravel  mt  46 

ous  relations  t^^ould  be,  and  when  the  results  For  brick  (not  very  smooth)......  «■  76 

Obtained  suggested  a  new  working  hypotbeala.  For  smooth  masonry  ^  77 

he  did  not  heoltata  to  try  it  Thla  maant  tliat  Fior  ordinary  duuuMit  la  aarth... .  ^  SI— 41 
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BemlcircuUur  Condalte:    a  =  0.46;  b  = 

C 

For  p«rtly  platted  plank  =97 

Tor  pnra  cement   ss  114 

For  cement  with  oaa-tblrd  aand.v...  =  104 
For  small  gravel  —  74 

Rivers  and  Large  Canals:  a  ^  0.76;  b  = 
1.552/V       C  ^  174  to  248. 

It  l»  seen  that  C  in  the  abore  summary 
Tsrlea  tbroush  a  wide  range  for  rivers  and 
lares  caoala.    TtM  tnvestlsatlon  on  tlieie 


large  streams  was  not  sufficiently  extenslTV 
to  warrant  giving  a  more  definite  coeffldent. 

After  the  final  exponential  equation  was 
determined,  and  the  values  for  the  coefficient 
obtained,  the  writer  computed,  by  the  formula 
submitted,  the  values  for  the  velocities,  using 
each  of  the  readings  given  in  43  of  the  tables 
used.  With  one  exception,  the  average  com- 
putBd  Telocity  for  each  table  differed  from  the 
average  measured  velocity  by  less  than  6'!^-, 
while  in  the  majority  of  cases,  the  diflereuce 
wM  under  2%. 


THE  DESIGN  OF  MACHINERY  BEARINGS' 

Br  J.  T.  NICOLSON 


The  chief  aim  of  this  paper  Is  to  attempt  an 

elucidation  of  the  phenomma  of  the  resistance 
offered  to  the  relative  motion  of  lubricated 
•nrtaces,  and  In  particular  of  Journals  and 
bearings  which  run  at  ronstant  speeds  ana 
under  loads  constant  in  magnitude  and  direc- 
tion— aa  need  in  englneerlnff  praetlce. 

The  experimental  restiUs  of  Strlbeck,  Dett- 
mar,  Uelmana,  and  Lasche,  as  well  as  those 
of  Beaaehamp  Tower.  Thurston,  and  othe». 
bnvo  been  utilized  for  the  purpose  of  framing 
rules  for  the  sizing  of  Journals  of  the  different 
types  used  tn  practice.  It  is  beUeved  that  the ' 
formulas  thus  obtalnt^d  pivr  n  better  approxi- 
mation to  practical  requirements  of  the  most 
divergent  kinds  than  has  hitherto  been  ob> 
talnecl.  Tn  partlrular,  the  view  commonly  held 
that  the  length  ot  a  bearing  should  Increase 
tn  proportion  to  the  speed  la  shown  to  be 
erroneous. 

FricUouai  Resislance  Due  to  Viscosity. — It  is 
frequently  stated  that  "there  Is  no  friction 

wftlinut  abrasion,"  or,  in  other  words,  that 
unless  two  metals  rub  against  each  other, 
there  can  be  no  resistance  due  to  relative  mo- 
tion. ThiB,  however.  Is  not  the  raj^e.  When 
a  film  of  lubricant  is  interposed  between  two 
metallic  surfaecfl  there  Is  a  resistance  to  rela- 
tive (iiiilir.d  i,r  thi'S':-  H'lrfares  duo  to  the  shear- 
ing or  transverse  distortion  of  the  oil  Qlm. 

In  the  case  of  the  shearing  of  a  solid,  we 
know  that  Hooke's  law,  "ul  tenslo  sic  vis."  ap- 
plies; so  that  if  q  be  the  shear  stress,  and  s/y 
the  shear  strain,  we  write  q  »  O  s/y,  where  G 


•rrou  a  paper  on  "FricUoD  aaa  lAbrlcatlOB,"  mA  be- 
tore  the  MaaclicMMr  AMoeiatlos  of  BuslMcra,  Noroaiwr 
23.  1907. 


Is  the  modulos  of  transverse  elastfetty.    But  If 

two  surfaces  are  separated  from  one  another  by 
a  liquid  of  thicltness  y,  and  one  of  them  moves 
With  speed  V  relatively  to  the  other,  the  resist- 
ance no  longer  depends  upon  the  mere  maprnl- 
tude  of  the  angle,  of  which  s  y  is 
the  tangent,  hut  upon  the  rate  of  Its 
Inerease  with  time.  If  a  Is  the  area 
of  either  liquid  surface,  the  force  required  to 
maintain  the  steady  speed  v  Is  P  =  aa  =  kaT/y, 
where  k  is  called  the  coefflrlent  of  vlsooslty  of 
the  liquid.  IThis  coetDclent  is  clearly  that 
force  which  will  move  a  unit  area  of  eorface 
with  unit  ?peed  relatively  to  another  surface 
from  which  it  Is  separated  by  unit  thickness 
of  the  liquid  In  question.] 

A  flim  of  oil  of  uniform  thickness,  y,  all 
round  a  Journal  of  diameter  d  and  length  1,  and 
adhering  to  It  and  to  the  bearing  surrounding 
it,  will  tliu?^  oppose  a  resistance  to  the  rotation 
of  the  former  with  Nurface  speed  v  of  the 
amount 

F  -.  kirdlv  y  (1) 

In  such  a  case  the  frirtion  would  not  depend 
on  the  load,  which  does  not  appear  at  all  In 
the  expression;  and  it  will  be  readily  admitted 
that  the  force  required  to  distort  the  oil  liira 
cannot  depend  on  the  fluid  pressure  to  which 
it  is.  at  the  moment,  subjected.  The  friction 
is  governed  only  by  the  area  of  viscous  fluid  to 
bo  sheared,  and  the  viscosity  of  the  oil,  1.  e., 
the  kind  of  oil  and  Its  temperature  ( with  which 
the  viscosity  greatly  alters),  and  it  also  gets 
greater  the  smaller  (y)  the  thickness  of  the 
fllni,  so  that  if  the  journal  is  a  r1n«e  fit  within 
its  bush  the  resistanr^  to  motion  will  be 
greater  than  if  the  Ht  Is  an  easy  one. 
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There  nro  unfortunately,  very  few  cases  in 
engineerlug  practice,  where  a  Journal  rotates 
with  a  uniform  tblekneM  of  oil  wound  It  It 
1b  only  when  the  speed  \s  very  gr^at  Indeed  that 
thla  can  happen — as  wiih  steam  turbines  and 
mill  tplndlw.  At  moderate  and  loir  speeds 
we  know  thrsr  the  shaft  moves  to  one  side  by 
an  amount  which  depends  on  the  speed  and 
the  load,  the  eccentrtclty  for  any  given  load 
becoming  less  the  preater  the  speed.  We  have 
Just  seen  that  the  frlctlonal  resistance  depends 
on  the  thleknesa  of  the  oil  film,  hat  It  ts  known 
from  the  researrhes  of  Osborne  Reynolds,  and 
Sommerfeld  that  the  diminution  of  frlctlonal 
reststanee,  due  to  the  tbiekenlnK  of  the  film 
on  one  side  of  the  shaft,  {s  more  than  martc  np 
(or  by  its  increase  due  to  the  thinning  on  the 
other.  On  the  whole,  therefore,  the  friction 
gets  greater  when  the  journal  becomes  more 
ecceatric. 

Startlnc,  therefore,  with  a  bearing  runnlns 

slowly.  In  which  the  lubricant  has  Just  formed 
a  complete  film  all  round  the  shaft,  It  will 
have  its  maximuxn  amount  of  eoeentrldty,  and 
the  frlctlonal  reslfltanoe  will  on  this  account 

be  large. 

As  th«  speed  is  Increased,  the  eoeentrldtjr 

diminishes.  The  friction  should,  according  to  the 
simple  law  of  oil  shearing  given  above,  increase 
with  the  speed,  but  It  should  diminish,  on  the 
other  hand,  with  the  eccentricity.  We  find, 
In  tact,  that  at  first  it  diminishes  more  than  it 
increases,  and  In  this  way  (the  ooeOclent  of 
friction)  attains  a  nilnlminn  value  which  de- 
pends on  the  circumstances.  With  further  In- 
crease of  speed  the  diminution  of  friction  due 
to  th€  lessonlnj^  cccenf rlclty  heconiCH  Innlpnlfl- 
cant.  and  for  a  certain  interval  the  simple  law 
Of  friction  to  followed,  whereby  the  friction 
increases  proportionalty  to  the  velocity  of  ruD> 
Ung. 

For  speeds  grmter  than  about  from  20  ft. 

to  80  ft.  per  minute  fdepcndint;  on  the  kind 
of  bearing)  the  simple  law  of  fluid  friction  is 
Interfered  with  for  another  reason. 

On  account  of  the  high  spend,  the  tempera- 
ture in  the  oil  Aim  Itself  rises  above  that  of  the 
bearing  (even  when  the  latter  Is  artfllclaliy 

raalntfliiied  constant  1  and  its  vls<  ()sltv  becomes 
reduced.  The  frlctlonal  rcBlsiance  then  In- 
ereasee  less  rapidly  than  in  exact  proportion 

to  the  .si»t>ed. 

The  faster  the  Journal  runs,  the  more  the 
temperature  of  the  oil  fltm  rises  above  that  of 
the  boarlnK,  and  the  thinner  or  less  viscous 
becomes  the  oil.  For  speeds  from  50  to  90 
up  to  about  450  ft.  per  minute,  the  coelBclent 


of  friction  Is  proportional  to  the  square  root  of 
the  speed  of  rubbing.  For  speeds  between 
4S0  ft,  and  800  ft.  per  minute  the  friction  In- 
creases more  slowly  still,  and.  according  to 
Thurston,  m  varles-as vu-2.  For  speeds  of  the 
order  of  S.OOO  ft.  per  minute  and  upwards,  the 
influence  of  speed  disappears  altogether,  and 
the  conclusion  arrived  at  by  Lasche  is  that,  for 
the  bearings  of  high-speed  generators  driven 
by  steam  tnrblnes,  whose  rubblnpr  speeds  are 
nearly  a  mile  a  minute,  the  coefficient  of  fric- 
tion Is  the  same  whatever  be  the  speed. 

The  Coefficient  of  Friction  of  Lubrication  — 
The  term  "coefllcldht  of  friction"  denotes  the 
ratio  of  the  total  restotaace  In  the  bearing  due 
to  the  shearing  of  the  lubricant,  to  the  load  of 
the  Journal;  and  although  it  has  no  physical 
meaning,  it  supplies  a  convenient  and  conven* 
tlonal  method  of  disctisslnp  the  details. 

If  F  denote  the  resistance,  and  P  the  load, 
we  have 

F  kirdlv 


and  if  P/dl  be,  as  usual,  denoted  by  p,  and 
called  the  bearing  pressure,  or  load  per  unit  of 
projected  bearing  area,  we  see  that 

kv  V  V 

M  =  =3  c  —  (3) 

y  P  p 

or  the  coefficient  of  friction  would  vary  as  the 
apeod  and  inversely  as  the  bearing  pressure  If 

the  oil  film  were  of  uniform  thickness  all 
round,  and  the  temperature  of  the  lubricant 
were  constant. 

Tleimann's  <•  x  perl  men  t.s  on  a  solid  bush  bear- 
ing of  gun  metal  show  that  n  increases  less 
rapidly  than  the  velocity  of  rubbing  when  the 
speed  is  greater  than  about  20  ft.  to  SO  ft.  pvr 
minute.  This  Is  due  to  the  fact  that  the  dif- 
ference between  the  actual  temperature  of  the 
oil  Aim  and  that  of  the  bearint:  pet.s  ^tiMtfi-  as 
the  speed  increases,  so  that  although  the  bear- 
ing temperature  may  remain  the  same  through- 
out a  series  of  eicperinients,  that  of  the  film 
of  lubricant  Itself,  upon  which  the  value  of  k — 
the  ooefllcient  of  viscosity— depends,  does  not. 
Thus  ft  falls  away  from  the  simple  linear  law 
the  more  the  greater  rubbing  speed  becomes. 

These— as  also  Beauehsmp  Tower's  experl- 
ments-  show  that  the  "< dcfflcient  of  friction" 
in  a  lubricated  bearing  follows  the  law  ^  = 
(cv'v)/p  (Instead  of  m  =  cv/p.  as  given  above). 

I'pon  further  exanilnatinu  of  th.-  r\|i.»ri- 
mental  results  we  observe  that  for  speeds  be- 
low about  20  ft.  per  minute  the  coefficient  of 
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friction  diminishes  for  a  little  In  exact  propor- 
tion to  the  speed,  but  that  tbe  effect  of  the 
relfttlvelj  great  oeeentriclty  of  the  Joamal  In 
the  bush  soon  begins  to  have  an  Important 
influence  in  increasing  the  friction;  so  that 
after  a  while  the  cnrres  of  ^  take  reveme  tame* 
and  the  coofficient  attaint  *  mlnlnmoi  Tmlne 
as  described  above. 

The  cnrvea  all  rise  Terjr  rai>ldl7  when  the 
prrfi  is  very  slow  and  the  oil  has  all  been 
squeezed  out  of  tbe  bearing:  and  that  they 
tend  to  eonverge  upon  the  constant  Talne  0.16. 
the  coefllclont  of  friction  for  greasy  metals  slid- 
ing upon  each  other,  long  ago  determined  by 
Morln.  It  la  only  then  that  j»  remaina  eon« 
stant,  ami  that  we  encounter  a  frictional  re- 
aistance  and  loss  of  work  proportional  to  tbe 
load  on  the  bearing  and  of  the  amount  already 
calculated. 

Formula  for  Coefficient  of  Friction. — Revert- 
ing to  the  theoretical  law  of  llnM  friction  men- 
tioned ahOTOj  via.: 

ek  T* 
r  p 

we  find  that  experiments  show  that  n  has 
values  diminishing  from  to  0  as  the  speeds 
Inereaae  from  100  ft  to  8,600  ft.  per  ulnnte. 
Clearly,  the  variation  should  be  made  In  the 
value  of  k,  tbe  viscosity  coefficient,  and  not. In 
that  of  for  the  hf«r  of  ahearlng  reslatattee  to 
equally  kv/y  at  hI^h  as  at  low  temperatures. 

If  wo  could  calculate  tbe  excess  of  mean 
temperature  of  the  oil  film  over  that  of  the 
metal  walls  between  which  it  is  flowing,  then 
knowing  bow  k  depends  upon  that  (mean) 
temperature  we  could  predict  the  proper  form 
of  the  expre.ssion  for  any  given  case. 

The  author  lias  found  a  simple  expression 
whldi  gtves  the  valuea  of  k  with  fair  eoneefe- 
nesB  between  the  temperatnree  70*  and  160*  F. 

Tbe  formula  is 

B  B 

k  —  ,  or  k  — — , 

(t  —  60»)  i 

1 

»  wh^  B  haa  the  Talne  . 

600 

Thus  we  write: 

1 

k   (4) 

A  roughly  accurate  expreaslon  for  the  coeflB- 
dent  of  friction  for  machinery  oil  as  deduced 
from  those  cxperin-r-nt^j  will  therefore  be  (for 
speeds  over  20  ft.  per  minute). 


oVt 

M  =   (6) 

«p 

iOOVT       1.8  Vt 

/»-  =  .(6) 

5OO0P  9p 

Here  vss  surface  speed  in  feet  per  mlnnte, 

p«  hearing   preaanre   In   pounds  per 
square  inch, 
and  0  =  exoe«i  of  oil  temperature  nbovn 
60*  F. 

This  vmw  he  written  4a  the  form: 

1.8VV 

M«^P  =   (7) 

0 

where  M  may  be  called  the  specific  friction.  It 
Is  the  frietlonal  resistance  per  square  incb  of 
projected  bearing  surface. 

The  quantity  mP  —  M  is  obviously  propor- 
tional to  the  frietlonal  resistance  or  force  per 
square  inch  of  Jonmal  area,  for  the  total  work 
spent  on  friction  per  minute  la  F  t  ji  » 
/»pdlv  =  Mvdl. 

If  we  divide  by  dl  we  obtain  (Mv)  tbe 
friction  work  per  minute  per  square  inch  of 
projected  bearing  area,  and  M  is  thu  force  of 
friction  per  square  inch  of  that  area. 

A  journal  starting  from  cold  at  a  given  speed 
V  will  wariu  up  until  the  heat  emilled  is  equal 
to  that  generated  by  friction. 

Its  temperfttare  will  then  be  «  f  »  0.66  t  * 

(dN)» 

Tbe  excess  of  this  temperature  over  that  of 
the  surroundings  (say  60°)  is  proportional, 
according  to  Newton's  law  of  cooling,  to  the 
beat  emitted  (per  square  inch  of  bearing  aren) 
per  minute  fe  0). 

If  nuv-  rli  bearing  length  were  suddenly 
doubled,  the  bearing  pressure  (p)  would  be 
halved;  but  the  value  of  M  would  (to  a  first 
appro.timatlon)  remain  unaltered,  for  the  frio> 
tional  resistance  is  quite  independent  of  tbe 
pressure  In  tbe  oil  film,  being  governed  only 
hf  the  rubbing  speed  (i.  e.,  tbe  diameter  and 
the  rovolutfon.s  per  minute),  and  the  tempem* 
ture  of  the  bearing. 

Tho  speed  has  not  altered  with  the  change 
of  lenRth,  and  the  temperature  also  will  not 
change:  for,  although  the  total  heal  generated 
in  the  bearing  by  friction  has  doubled,  so  also 
has  the  surface  for  emitting  heat.  An  altera- 
tion in  the  length  will  not,  therefore,  produce 
any  change  in  the  heat  generated  or  dissipated 
per  <;qtiare  inch  or  in  the  tempentnm  of  tiia 
Journal. 
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If  running  hot  before,  It  will  run  hnf  ptiil; 
we  gain  nottilog  from  this  point  of  view  by 
iMigtliABliic  the  lovna],  and.  In  fnet,  the  totnl 
loss  by  friction  will  be  Increased  in  the  exact 
proportion  In  which  the  bearing  has  been 
lmgth«B«d. 

■\Vhat  TTP  rnln  by  Increased  length  la  a  dim- 
inished liability  to  rupture  of  the  oil  film  (on 
ttie  **oV*  aide  of  the  point  of  noaieit  ap- 
proach), and  to  the  consequent  rnnning  of  tlM 
journal  and  bearing  in  metallic  contact. 

Application  of  the  above  Formnla  In  the  De> 
sign  of  Bearlngs.^ — In  endeavoring  to  apply  the 
theoretical  explanations  and  experimentally 
derived  foraralaa  dlBeuased  above  (o  the  design 
of  a  bearing,  what  we  want  to  know  Is:  What 
is  the  proper  proportion  of  length  to  diameter 
under  any  given  oondltlons  ae  to  load,  speed, 
and  mode  of  lubrication;  having  regard  also 
to  the  fact  that  the  requirements  demanded 
from  the  point  of  view  of  etreagth  and  •US- 
nog:^  must  also  be  met. 

We  have  to  consider  how  much  heat  Is  gen- 
erated by  the  TlaeouB  reslstanee  opposed  by 
the  oil  to  the  rotation  of  the  shaft.  In  what 
manner  tbls  heat  is  dissipated,  to  wliat  tem- 
peratnre  the  bearing  will  rise  in  actual  nm- 
ning,  and  what  law  connects  the  temperature 
at  which  the  Joumal  may  safely  run  with  the 
proBSttre  and  the  speed. 

The  beat  generated  la  obviously  equal  to 
jtPird  N 

 thermal  units  per  mlnuts,  If  d  Is 

12J 

the  Journal  diameter  In  inches,  P  the  load  In 
poands.  fx  the  coefficient  of  friction,  and  N  the 
number  of  revolutions  per  minute. 

If  the  heat  dissipated  by  radiation  from  the 
surfaces  of  tlw  housing  and  shaft  be,  as  usually 
assumed,  proportional  to  d  1,  the  projected 
bearing  area,  and  to  0  the  temperature  differ- 
ence between  bearing  and  external  air:  then, 
when  the  temperature  of  the  bearing  becomes 
steady,  we  shall  have  (0  being  the  emlssivity 
ooeadent) 

MPird  N 

■  — -  -  e  d  I  •  (8) 

12  J 

In  the  standard  text-books  It  Is  usually 

assumed  that  whatever  may  be  the  diameter 
or  length  of  the  proposed  journal  the  value 
of  n  will  remain  constant    In  that  case 

mP»N           iiT  PN 
la  «   P  N  =  ..(9) 

lt3e$       12Je«  p 

which  means  that  tfi"  l-'U^th  of  th-'  borirlnt,- 
must  Increase  with  the  load  and  the  revolu- 
tions. 


As  a  matter  of  experimental  fact,  hnwever, 
n  is  by  no  means  constant.  It  depends  on 
speed,  pressure,  and  temperature,  and,  as  w» 
have  already  seen,  we  may  take  it  to  follow 

the  law 

1.8  Vv 

M  =   (XO) 

«P 

The  more  correct  method  will  be  to  use  the 
value  for  the  coefficient  of  friction  which  has 
been  determined  by  experiments  upon  bearings 
as  above  described. 

If,  then,  we  insert  this  value  in  (8),  we 
obtain 


since 


rdN 


It 


cP(irdN)l 
12*  p  *  J 


-edlf 


With  c  =  1.8,  —  «s  1  d,  and  J  B  778,  we  get 
P 

(d  N)l 

  (11) 

3,400e 

To  determine  the  value  of  e,  the  emlssivity 
coefficient,  we  may  apply  this  fgrmula  to  Strl- 
bedc's  results  from  his  Sellers  besring.  Thb 
bearing  of  diameter  2.76  ins.  attained — accord- 
ing to  that  figure — after  running  for  three 
hours  at  760  r.p.m..  a  final  temperature  of 
about  140'  P.  (»  »  80*). 

(2.75  X  760)  I . 

Therefore      e  «   B.  T.  U.  (12) 

8,400  X  80* 

dissipated  per  s((iiaro  Inch  of  projected  bear- 
ing area  per  minute  per  degree  F.  difference 
of  temperature,  between  the  bearing  and  the 

outer  air. 

Thus  the  formula  for  0,  the  final  rise  of  tem- 
perature of  a  bearing  above  Its  surroundings, 
becomes 

.    ^  (dN)l 

V3,400  x  til 
or  In  round  numbers 
(d  1 


(18) 


Expressed  in  words,  this  means  that  the 
steady  or  finally-attained  temperature  of  a 
bearing  of  given  diameter  Is  higher  the  greater 
the  '^i  power  of  the  revolutions,  and  is  greater 
for  a  Klven  speed  the  larger  th«  power  of 
the  diameter.  It  is,  however,  cjuite  Indepva- 
dcnt  of  the  length  of  the  journal. 
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We  rannot,  therpfore,  hope  to  lower  the  ter- 
mioal  temperature  by  lengtbeniag  the  bearing. 
'au»  h«ftt  e»n«r«ted  lacreaaes  m  fast  as  the  arM 
for  dissipating  It  doea;  for  although  by  leogth- 
«Dlng  the  Journal  the  bearing  pressure  Is  dlm- 
Intabed,  yet  siBce  m  varies  laveraelr  aa  p,  the 

fri(rtlnnnl  rcRlstanrc  and  the  heat  geDerated 
are  pari  passu-  Increased. 

Ve  know,  however,  from  experience,  that 

journals  must  bp  mado  long  for  hlph  speeds, 
and  the  above  conclusion  seems  at  first  sight 
to  oonfltet  not  only  with  the  text  books,  but 
also  with  prnrtlre,  and  so  to  be  para'loxira!. 

The  explanation  Is  aa  follows:  While  it  Is 
tme  that  the  final  temperature  to  whldi  a  bear^ 
Ing  will  rise  after  a  loiii;  run  under  a  Riven 
load  and  with  a  given  lubricant,  depends  only 
on  the  diameter  ot  the  airtndle  and  on  the  speed 
of  revolution,  1.  e.,  only  on  the  rnbblne  ve- 
locity, and  not  at  all  upon  the  length  of  the 
Journal,  we  have  to  remember  that  If  that 
flnally-aflainod  temperature  be  too  high  the 
lubricant  will  be  squeezed  out  unless  the  bear- 
tnts  pressure  la  low. 

The  conditions  attendlnc;  the  minimum 
values  of  the  coefficient  of  friction  are  those 
under  which  the  otl  hevins  to  escape  from  the 
bearing,  and  that  for  any  lower  speed  the  bear- 
ing will  run  dry,  we  may  find  the  connection 
between  rubbing  speed  and  temperature  on  the 
one  h.'iiid,  ami  rubbing  speed  and  pressure  ou 
the  otner,  which  specifies  the  condition  of  safe 
running  with  a  complete  oil  film. 

Sommerfeld  has  deduced  luatbeniatlrally  an 
expression  for  this  verj*  speed  for  the  minimum 
ooelllclent  of  friction.  In  terms  of  the  bearing 

pressure,  p:  the  radius  of  the  journal,  r;  the 
difference  between  the  radii  of  bearing  and 
Journal,  »;  and  the  coeflleient  ot  riacostty.  k. 
It  Is  ot  the  form 

«'  P 

v«  =  K   (14> 

r»  k 

Wo  also  found  above  that  ttie  coefticient  of 
Tlscosltr  for  machinery  oil  is,  for  temperatnrea 
between  68"  F.  and  160°  P.,  well  represented  by 

c  c 
the  expression  k  =  or  k  ^  —  (units 

(f  —  60')  »' 

^  pounds,  feet,  and  degrees  F. ). 

Substituting  tor  this  k  In  (14)  we  obtain 

V  =  C  p*  (15) 

where  C  is  a  constant,  varying  as  the  square  of 
the  ratio  of  the  original  slackness  of  fit  to  the 

SiSo  of  the  journal. 

We  shall  use  for  our  purposes  in  designing 
bearings  the  expression  v,  =  C  p  #,  with  C 


=  ■/„  for  tho  value  of  the  ooustant;  and  when 

written  in  ihc  form 

40  T« 

=   

P 

we  see  that  it  gives  the  critical  value  of 

the  rise  of  temprrature  above  which,  under  the 
given  conditions  as  to  surface  speed  (v.  feet 
per  minute),  and  bearing  premure  (p  lbs.  per 
square  Inch),  the  oil  will  be  in  danger  of  leav- 
ing the  bearing  and  allowing  it  to  run  with 
metallic  contact  of  the  rubbing  surfaces. 

WTiat  we  are  now  proposing,  then,  is  to  fix 
the  proportions  ot  Journals  by  reference  to  the 
minimum  points  of  the  experimental  friction 
curves  already  discussed,  assuming  them  to 
indicate  the  critical  conditions  as  regards 
speed,  pressure,  and  temperature  of  the  bear- 
ing, below  which  It  is  unsafe  tn  ruTi. 

We  first  calculate  the  terminal  rise  of  tem- 
perature ot  the  bearing  by  the  expression  9t  » 

 .    We  then  equate  this  to  the  value 

4 

40  V 

0c  =    of  the  above  critical  temperature; 

P 

and  so  obtain  a  relation  between  the  length, 
the  load,  the  diameter,  and  the  speed  of  revo- 
lution. 

We  thus  have 

(d  N)l     40  V 

4  ""T 
»dN  P 

SubstlttttlBg  for  V,  and  — 

IS  Id 

for  p,  we  may  write  this 

(d  N)?  10t(1-N1 

 , 

4  12  P 

from  which  we  obtain 

P 

  (17) 

This  Is  the  formula  proposed  tor  use  ta  the 

design  of  Journals  for  speeds  Of  rubbing  UP  tO 
about  450  ft.  per  minute. 

ft  has  been  found  to  agree  well  with  practice 
in  all  the  different  examples  on  which  it  lias 

been  tested. 
In  those  esses  In  which  it  does  not  agree.  It 

Is  to  be  surmised  that  the  practitioner  has  been 
misled  by  adherence  to  the  erroneous  theory 
alluded  to  above. 

It  will  be  notli  I'd  that,  contrary  to  the  view 
usually  accepted,  the  length  must  be  greater 
the  slower  the  speed. 
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This  Is  clearly  correct ;  for  the  slower  the 
•peed  the  greater  difficulty  has  the  Journal  In 
draggtnff  In  lt«  tnppljr  of  oil  to  meet  th»  re* 
quired  demand  In  opposition  to  tbe  beftriBg 
preeaore  wblch  Is  squeezing  it  out. 

The  lower  must  that  hearlng^  preMure  ac- 
cordingly be — 1.  e.,  the  greater  1  for  a  given 
d,  in  order  to  enable  the  Journal  to  maintain 
fta  oil  flim  mibroken. 

For  a  half-brass,  p  maj  he  taken  at  about  % 
of  the  above  values. 

For  oUi  with  more  body,  howerw,  the  heni^ 
Ing  pressure  may  be  from  26  to  60  per  cent 
greater. 

Phetor  of  Safety. — ^The  above  ealculated 

lengths  are  mlnlmuin  values  which  cannot  be 
diminished  without  rupture  of  the  oil  film.  It 
win  be  better  to  have  the  lengths  a  little 
greater  than  these,  so  ns  to  afford  a  reasonable 
factor  of  safety  against  such  rupture.  The 
pressuree  which  were  need  in  the  ealenlatlons 
may  therefore  be  railed  the  critical  pressures, 
since  they  specify  those  which  must  not  be 
emeeded  If  we  are  to  avoid  the  danger  of  nm- 
slSB  dry.   We  may  property  deHne  as  the 


factor  of  safety  of  a  given  lubricated  bearing 
the  ratio  of  the  critical  pressure  to  the  actual 
presBure  under  which  it  will  work ;  or  n  =  pc/p. 

It  is  clear  also  that  the  factor  of  safety  is 
equal  to  the  ratio  of  the  length  of  Journal 
actually  adopted  to  the  critical  length  as  cal> 
cuiatrd  above.  Thu-8,  suppose  we  have  a  Jour- 
nal of  length  1.,  diameter  do  running  at  N  revo- 
lutions per  minute,  which  is  loaded  with  P  Iba., 
and  is  Just  running  at  the  critical  pnttaf^  Pt, 
Then  its  terminal  temperature  ia 

(d.K)* 

^  —  J 

4 

and  the  critical  pressure  at  the  given  rubbing 

ird. 

speed  N  and  ttiia  final  temperature  #1  is 

12 

(by  formula  Vo  —  J ,  p,  —  40  (d*  N)  * 

40  / 

The  friction  work  is  greater  when  a  faCtOT 
of  safety  Is  secured  by  enlarging,  the  Jonmat 
diameter  than  It  Is  when  obtained  by  Incressiiic 
the  length. 


THE  SETTING  OF  PORTLAND  CEMENT 

By  BERTRAM  BLOUNT 

CONDBKSBD  PKOU  "GONCRVTB  AND  CONflTRDCTIONAL  BNOINSIRINO " 


Some  years  ago  It  was  generally  believed 

that  all  requleitc  knowledKe  of  tlie  setting  of 
Portland  cement  had  been  acquired.  It  was 
supposed  that  the  setting  depended  on  the 
hydration  of  a  calcium  aluminate,  to  whicli 
the  formula  3  CaO  Al«0,  was  assigned,  and 
that  the  rapidity  of  ssttlng  depended  on  the 
proportion  of  this'' aluminate — the  higher  the 
proportion  the  quicker  the  setting.  There 
were,  of  course,  minor  questions  whtdi  re- 
quired some  sort  of  explanation,  but  with 
these  axioms  as  a  guide  the  expert  found  hia 
path  broad  and  plain. 

At  present  the  situation  Is  by  no  means  so 
simple.  The  belief  that  the  essential  con- 
stituent concerned  In  the  setting  of  cement  is 
an  aluminate  remains,  but  the  identity  of  the 
aluminate  is  doubtful.  The  mechanism  by 
which  the  nlumlnats  sets  Is  sttpposed  to  he 


the  hydration  of  this  substance,  its  dlssolnttoii 

lo  a  supersiiturated  sohitlou,  tiie  deposition  of 
the  surplus,  the  re-formation  of  a  supersatur- 
ated solution,  and  so  da  capo.  In  addition  to 
the  doubt  as  the  conijjositlon  of  the  aluminate. 
there  Is  no  direct  evidence  of  the  aluminate 
forming  a  supersaturated  solution.  Fnther, 

it    Is    not    easy    to    understand    why    a  small 

amount  of  water,  e.  g.,  1  per  cent.,  absorbed 
by  the  cement  during  storage,  capable  of  by- 
drating  only  a  small  projiortlon  of  the  alumin- 
ate, can  profoundly  modify  the  time  of  setting 
as  It  does.  Many  other  facts  In  connection 
with  the  setting  of  cement  require  explana- 
tion, among  the  most  Important  being  those 
dealing  with  the  time  of  setting. 

Two  aspects  of  the  setting  time  question  need 
to  be  considered.  The  first  is  the  fa^nlcy: 
What  are  the  dwmlcal  and  physical  eansss 
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and  operatlona  whJrh  r^vern  tho  process  of 
letting?  The  QaesUoa  la  of  high  scieatlfle 
iBlmst  and  mudk  eoinp1«slty,  and  eannot  yet 
t>6  answer c;d;  accurato  data  are  almost  com- 
pletely lacking.  Until  detailed  knowledge 
baa  been  gained,  generallaatton  nvat'be  con- 
fined to  some  Blniple  hypothesis  as  that  gives 
abOTe,  it  being  understood  that  It  ia  no  more 
tliaa  an  hypothec;  In  conaeqnenea  of  the  lim- 
ited value  of  a  generalization  so  Imperfect, 
each  case  oC  "anomalous"  setting  must  be 
atttdled  aa  an  IndlTldtial  and  on  ita  merlti. 

The  Becond  aspect  of  tho  setting  time  ques- 
tion Is  practical.  It  is:  How  to  insure  that 
a  cement  proenred  tor  a  gtrea  piece  of  work 
shall  set  suitably? 

When  It  la  considered  that  in  ordinary  con- 
ttmction  tho  cement  may  be  mixed  In  proper^ 
tlona  varying  from  1:1  to  1:12,  may  be  han- 
dled in  a  time  Tarylng  from  a  few  mlnutea  to 
an  boor,  and  may  be  expoied  to  a  load  In  a 
few  days,  it  will  be  seen  that  tho  roadlUons 
are  oneroaa.  A  cement  to  meet  these  Gon<^ 
dltlona  mast  remain  Inert  for  at  leaat  one 
hour;  after  that  the  quicker  It  seta  the  bet- 
ter. It  remains  to  consider  whether  such  a 
oement  can  bo  regalarly  made,  and  whether  Its 
Quality  can  be  properly  tested  before  It  is  used. 

Take  the  leoond  and  easier  part  of  the  (ques- 
tion first.  Clearly  the  ordinary  methods  of 
tT,  -  tesflug  room  are  insufficient.  Three  pats 
of  neat  cement,  carefully  gaged,  kept  at  a 
known  and  anlform  temperature,  and  pro- 
tected from  evaporation,  are  used  to  ascertain 
the  setting  time.  In  practice  a  mass  of  stone 
and  aand  mhwd  wholesale  with  the  cement, 
mixture  being  aided  by  a  liberal  supply  of 
water,  is  dumped  into  place  under  any  sort 
of  weather  eonditlons  which  may  prevail.  The 
gap  betweou  the  two  procedures  Is  too  wide. 
A  useful  intermediate  step  would  be  to  make 
blocks  of  concrete  from  the  aggregate  ln< 
ti  ll  lied  for  Tisf.',  and  mivr-d,  not  w  ith  the  pre- 
cision of  a  skilled  gagcr,  but  with  that  ordin- 
ary amount  of  skill  and  care  which  can  be 

expected  from  a  L'ood  ];iborer.     Such  a  mode 
of  testing,  though  rough,  would  be  a  guide  to. 
the  beharlor  of  the  material  In  the  work. 

Next,  the   tank   of   tin/    riiuuufartiircr   is  to 

produce  a  cement  which  shall  have  a  consider- 
able period  of  qaleaeenoe  after  it  baa  been 


mixed  with  water,  and  then  set  rapidly.  TTntll 
tho  causes  of  setting  are  accurately  known, 
the  maker  In  producing  such  a  oement  mudt 
proceed  empirically.  In  attempting  hiB  taak 
he  must  remember  what  has  been  brought 
about  by  the  convenrion  of  cement  maanfai^ 

lure  from  the  fixed  kiln  to  the  rotary  Kiln 
process.  In  the  old  procees  there  was  a  mU- 
tere  of  well-bnmt  dlaker,  reiatlvirty  high  In 
lime,  with  under-burnt  material  and  material 
containing  the  ash  of  the  fuel;  the  composition 
of  these  three  anbstaneea  differs  avbstanUally. 
In  tho  present  process  the  whole  product  is  of 
the  saipe  compoeltion.  It  ia  conceivable  that 
the  under-bnmt  material  and  the  material 
containing  tho  ash  of  the  fuel,  and  rel  \tlvely 
poor  in  lime,  are  the  chief  agents  In  deter- 
mining the  aettlng  time  of  the  oement  and  In 
Influencing  alteration  of  the  getting  time.  As 
this  adventitious  material  does  not  occur  in 
rotatory  clinker,  the  aettlng  of  rotatory  cement 
depends  upon  the  properties  of  those  chemical 
compounds  which  constitute  fully  burnt 
dlnker.  In  short,  by  the  introduction  of  the 
rotatory  kiln,  Portland  cement,  almost  as  uni- 
form as  when  made  in  the  laboratory,  has  be- 
come an  article  of  commerce.  Differing  from 
the  mixed  product  from  fixed  kilns,  Its  prop- 
erties naturally  differ  and  must  be  studied 
apart.  It  follows  that  methods  of  controlling 
sotting  time — e.  g.,  by  adding  water,  gypsum, 
or  by  storage,  whose  effects  are  fairly  under- 
atood — tboui^  their  rationale  may  not  bft~ 
■when  they  arc  applied  to  fixed  kiln  clinker, 
will  give  differeut  results  with  rotatory  clinker 
of  the  same  mean  composition.  Bxperlenoe 
•how.<;  that  this  r-xpectation  Is  warranted. 

As  long  as  our  state  of  ignorance  as  to  the 
moehantsm  of  setting  continues,  progress  must 

be  omplrlnal.     Various  devlct-s.  Including  tho 

addition  to  clinker,  which  sets  badly  but  hard- 
ens well,  of  some  preparation  which  is  of 

Taluo  nil  roly  for  settinp,  are  being  and  will  be 
tried,  and  It  is  Ukely  that  some  of  these  will 
prove  effeetlTe.  But  until  the  chemistry  of 
Portland  ceni'^nt  is  uiukittood  to  a  point  wben 
it  is  posslblt?  to  a^siniu  to  each  constituent  its 
true  role,  not  mervl)  alone,  but  In  the  pres- 
ence cf  its  fe'lnw-,  unforeseen  dlfncultlea» 
paradoxical  phenomena  will  be  encountered, 
and  «xplanatlon8  will  b«  gnessea  or  gloaaea. 
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Hard!}'  a  day  passes  nowadays  that  a  new 
use  for  Portland  cement  Is  not  found.  Re- 
cently one  of  the  leading  railroads  replaced 
wooden  telegraph  poles  by  concrete  poles,  and 
they  are  being  found  more  satisfactory  from 
almost  every  point  of  view.  Reinforced  con- 
crete planks  are  being  used  in  steamboat  con- 
struction. Wooden  ties  are  being  replaced  by 
concrete  on  some  railroads.  The  infant's  milk 
is  obtained  in  a  dairy  where  the  floors,  walls, 
bins,  feed  mixing  troughs  and  stalls  are  all  of 
concrete.  As  he  grows  older  he  is  surrounded 
on  all  sides  by  concrete  structures,  and  when 
he  dies  his  body  is  placed  in  a  grave  whose 
vault  is  constructed  of  concrete  and  a  concrete 
tombstone  is  used  to  mark  his  resting  place. 
Thus  the  examples  of  the  varied  uses  of  cement 
might  be  multplied.  One  of  the  most  novel, 
however,  is  the  use  of  cement  for  "tree  den- 
tistry," which  is  described  in  a  recent  catalog 
of  the  Dragon  Portland  Cement  Co.  This  con- 
sists in  the  filling  of  old  cavities  in  the  trunks 
of  trees  with  a  rich  cement  mortar,  after  the 
rotten  wood  has  been  carefully  removed,  some- 
what similar  to  the  manner  in  which  a  dentist 
carefully  cleans  a  tooth  cavity  before  filling. 
Care  should  be  exercised,  however,  to  see  that 
the  surface  of  the  cement  is  low  enough  for  the 
bark  to  grow  over  it.  Foresters  believe  this 
will  be  the  means  of  saving  many  old  trees 
from  further  decay  and  destruction. 


TREE   CAVITY    KM-LK;)   WITH   <  KMKNT. 


THE  CRIPPLING  STRENGTH  OF  BRIDGE 
COMPRESSION  MEMBERS 


The  largest  and  most  important  series  of 
tests  on  full-sized  compression  members — 
chords  and  posts — for  modern  bridges  that  has 
ever  been  made.  Is  that  which  has  been  carried 
on  during  the  past  20  years  by  the  engineer- 
ing department  of  the  Pittsburg,  Cincinnati, 
Chicago  &  St.  Louis  Railway.  These  tests 
were  made  by  Mr.  C.  I'.  lUichanan,  lirldge  En- 
gineer of  the  Pennsylvania  Lines  West  of 
Pittsburg,  and  the  valuable  results  obtained 
have  been  set  forth  at  length  in  an  article 


which  appeared  in  "Engineering  News,"  Dec. 
26,  1907. 

The  tests,  though  extending  over  a  period  oi 
many  years,  were  all  made  by  the  same  method 
and  in  the  same  testing  machine,  and  there- 
fore form  a  coherent  whole.  The  columns  ex- 
perimented on  were  shop  duplicates  of  actual 
chords  and  posts  built  and  erected  in  bridges 
on  the  Panhandle  lines,  and  the  tests  were 
made  for  the  definite  purpose  of  developing 
methods  of  construction  which  would  insure  a 
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coiutun  !jtroQger  In  its  details  than  in  th<- 
body,  and  at  the  same  time  give  maximum 
crlppiing  strength  of  the  body. 

Though  the  results  obtained  seem  to  Indi- 
cate a  wide  range  o(  Tarlation,  yet  It  ii  found 
that  no  leaa  than  ten  of  the  nineteen  columns 
tested  form  Into  five  pairs  in  which  the  crip- 
pling loads  of  the  members  of  eacli  pair  agree 
40  closely  tbat  they  satisfactorily  establish 
each  other's  reliability. 

The  members  tested  comprised  six  posts  and 
thlrteoi  Chords,  pin  ended,  ranging  In  length 
from  13  ft  7  5-16  ins.  to  2  5  ft.,  with  1/r 
(length  /  least  radius  of  gyration)  ratios  of 
from  29  to  120,  and  of  varlons  seetlons  butlt 
up  from  Z-bars,  ang!e»,  channels  and  cover 
plates.  Twelve  of  the  members  were  con- 
structed of  wrought-iron  sections,  the  remain- 
ing seven  being  of  stool. 

An  «mmination  of  Mr.  Buchanan's  results 
reveals  the  fact  tbat  In  every  test  the  crippling 
load  was  considerably  below  the  yiold  point 
of  the  metal.  The  yield  points  for  the  Iron 
and  steel  used  were  30,000  to  34,000  lbs.  and 
40,000  lbs.  respectively.  The  crippling  strength 
of  the  large  columns  tested,  however,  ranged 
only  from  24,000  to  34,000  lbs.  per  sq.  in., 
even  though  the  series  included  (olunius  so 
short  that  the  "column  reduction"  effect  was 
virtually  eliminated. 

Commenting  on  these  tests  "Bnglneerlng 
News"  says  editorially: 

"Two  things  are  clearly  apparent:  First, 
tbat  the  crippling  loads  reached  only  90%  of 
the  yield  ]>oint  in  the  wrought-iron  columns 
and  only  SC/r  in  the  steel  columns;  second, 
that  the  'i^liui'i'  I'olutiitiH;  .show  no  gain  over 
the  average.  .N'o  rising  tendency  of  the  strength 
seems  to  accompany  the  low  length-ratios,  and 
it  ts  reasonable  to  conclude  that  the  results 
represent  the  limiting  strength  of  such  col- 
umns irrespective  of  any  'column  reduction.' 

"The  gienenil  resuli  ui.iy  therefore  be  ex- 
pressed thus:  Well-made  wrought-iron  or  steel 
columns  fail  completely  at  loads  which  on  the 
most  favorable  assumption  will  not  exceed 
907c  of  the  tensile  yiold  point  of  the  material. 
A  steel  column  whose  material  shows  40,000 
lbs.  tensile  yield  point  wni»  when  loaded  to 


18,000  lbs.  per  sq.  in.,  have  a  factor  of  safety 
ttt  not  over  2,  even  if  its  construction  be  of  the 
best  type.  In  contrast  therewith,  a  tenrton 
member  of  thd  same  material,  loaded  to  20,000 
llw.  per  sq.  in.,  has  a  factor  of  safety  against 
failure  exceeding  while  against  permanent 
deformation  it  has  a  factor  of  2,  which  is  as 
great  as  the  factor  of  safety  of  the  column 
against  final  collapse. 

"This  is  the  most  Important  showing  of  the 
tosl»  recorded,  it  is  a  most  impressive  warn- 
ing of  the  danger  of  that  gradual  Increase  In 
working  stresses  which  has  been  quietly  going 
on  for  eight  or  ten  years  past.  In  column  de* 
sign  particularly,  we  are  warned  to  return  to 
more  conservative  practice. 

"A  study  of  the  tabulated  figures  makes 
clear  the  fact  that  in  the  upper  part  of  the 
range  of  column  resistance  there  is  a  domain 
of  Imperfect  elasticity,  just  as  there  ift  a 
similar  domain  to  the  upper  range  of  tensile 
resistance.  In  tension  tests  this  domain  covers 
something  more  than  the  upper  one-third  of 
the  ultimate — ^that  Is,  the  elastic  range  is  not 
quite  two-third  of  the  ultimate  strength.  Judg- 
ing from  the  results  of  Mr.  Buchanan's  tests, 
the  domain  of  elastic  behavior  in  column  re- 
sistance extends  little  higher  than  two-tfalrda 
the  collapsing  strength. 

"In  conservative  designing  the  Intensities  of 
permanent  toad  and  of  repetitive  loading  must 
in  all  cases  remain  below  the  limit  of  elastic 
behavior.  If  this  consideration  be  allowed  to 
govern  In  fixing  column  stresses,  we  must  tako 
our  limit  not  merely  at  80%  to  90%  of  the 
tensile  yield  point,  as  shown  by  the  figures  of 
crippling  fltreogth,  but  at  70Vr  of  this  reduced 
value,  or,  say  at  60%  of  the  tensile  yield  point. 
We  are  then  limited  to  about  21.000  to  24,000 
pounds  per  square  Inch  In  steel,  for  the  fig- 
ures to  be  taken  as  the  Initial  point  In  column 
calculations.  Column  redaction  and  the  nec- 
essary margin  of  safety  against  uncertainties, 
imperfections.  Ignorance  and  service  contin- 
gencies, will  of  course  bring  the  practical 
working  stresses  to  a  value  much  lower." 

We  understand  tbat  this  article  has  be^n 
reprinted  in  full  and  can  be  obtained  Uom 
the  publisher  of  the  Journal  quoted. 
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NEW  REINFORCED  CONCRETE  REGULA- 
TIONS IN  PHILADELPHIA 


W«  give  herewitb,  In  slightly  condensed 
form,  the  re^4at1oM  of  th«  Barmu  of  Bnlld- 

iiiK  Iusi)ectlon  of  Philadelphia  in  regurd  to 
the  use  of  reinforced  concrete,  which  were 
approved  t>y  Director  Henry  Clay,  of  tlte  De- 
par!  rnc;i t  of  Public  Safely,  on  Odober  S.  1907. 

The  term  "reinforced  concrete"  aball  be 
vnderatood  to  nean  an  approved  eoncrete 

mixture  reinforced  by  steel  or  Iron  of  any 
abape,  so  that  the  steel  or  Iron  will  take  up  all 
the  tenalonal  stresses  and  assist  In  the  resist- 
ance to  compresslOD  and  shear. 

Reinforced-concrete  construction  wUI  be  ac- 
cepted for  fireproof  bnfldlnga  of  the  first  class, 

if  deslKiied  as  hereinafter  prescribed ;  pro- 
vided, that  the  aggregate  for  such  concrete 
idiall  be  clean,  broken,  bard  stone,  or  clean 

graded  pravel,  together  with  clean  siliceous 
sand  or  fine  grained  gravel;  should  the  con- 
crete be  need  for  flooring  between  rolled  steel 
beams,  clean  furnace  clinkers  entirely  free  of 
combustible  matter,  or  suitable  seasoned  fur- 
nace slag  may  be  need;  when  stone  Is  used 

with  sand  gravel  it  must  be  of  a  .size  to  pa.ss 
through  a  1-ln.  ring,  and  257«  of  the  whole 
most  not  be  more  tban  one-half  the  maxlmn-m 

size;  and  provided  further,  that  the  minlmnm 
thickness  of  concrete  surrounding  the  rein- 
forcing members  of  reinforced-concrete  beams 
and  Klrders  shall  be  2  ins.  on  the  bottom  and 
IVi  ins.  on  the  sides  of  the  said  beams  and 
girders.  The  mtnlmnm  thlcltness  of  concrete 
under  Hlab  rods  shall  be  1  in.  All  reinforce- 
ment in  columns  to  have  a  minimum  protec- 
tion of  2  ins.  of  eoncrete. 

All  the  ro(inlrenieiits  herein  specified  for 
the  protection  of  steel  and  for  flre-reslsting 
pnrpoaes  shall  apply  to  reinforced  concrete 

floorlnK  b<>tw«on  rolled-steel  beams  as  well  as 
to  reinforced-concrete  beams  and  to  entire 
fractures  tn  reinforced  concrete.  Any  con- 
crete structure  or  th<'  floor  filling  In  same,  re- 
inforced or  otherwise,  which  may  be  erected 
on  a  permanent  centering  of  sheet  metal,  of 
metal  lathing  and  tnrvj'd  bars  or  a  metal  cen- 
tering of  any  other  form,  must  be  strong 
eoongh  to  carry  its  load  without  assistance 
from  the  centering,  unless  the  concrete  is  so 
applied  as  to  protect  the  centering  as  herein 
•peellled  for  metal  reinforcement. 


Exposed  metal  centering  or  exposed  metal 
of  any  kind  will  not  be  considered  a  factor 

In  the  strength  of  any  part  of  any  concrete 
Structure,  and  a  plaster  finish  applied  over  the 
metal  shall  not  he  deemed  sufficient  protec- 
tion unless  applied  of  sulliclent  thickness  and 
properly  secured,  as  approved  by  the  Chief  of 
the  Burean  of  Bnflding  Inspection. 

.\11  concrete  shall  be  nii.xed  lu  a  mechani- 
cal batch  mixer  to  be  approved  by  the  Bureau 
of  Building  Inspection,  except  when  limited 
quantities  are  required  or  when  the  condition 
of  the  work  makes  hand  mixing  preferable; 
hand  mixing  to  be  done  only  when  approved 

by  the  Bureau  of  Building  Inspection.  In  all 
mixing  the  material  shall  be  measured  for 
each  batch. 

When  hand  nil.xing  is  done  under  the  afore- 
said MmltaUons,  the  cement  and  fine  gravel  or 
coarse  sand  shall  he  flrst  thoroughly  mixed 

dry  ;ind  then  made  into  a  mortar  by  gradu- 
ally adding  the  proper  amount  of  water.  The 
crushed  stone  or  grsTel  shall  be  spread  out  to 

a  depth  not  to  e.xceed  fi  Ins..  in  a  tight  box 
or  upon  a  proper  floor,  and  be  sprinkled  with 
water  as  directed:  the  mortar  Is  then  to  be 

evenly  spread  over  the  crushed  .stone,  and  tlw. 
whole  mass  turned  over  a  sufficient  number 
of  times,  to  affect  the  thorough  mixing  of  the 
ingredients. 

All  forms  and  centering  for  concrete  shall 
be  built  plumb  and  tn  a  substantial  manner, 
ir.ade  tight  so  that  no  i)art  of  the  concrete 
mixture  will  leak  out  through  cracks  or  boles, 
or  Joints,  and  after  completion  shall  be  thor- 
oughly cleaned,  removing  shavings,  chips, 
pieces  of  wood  and  other  material,  and  no 
debris  of  any  kind  shall  be  permitted  to  re- 
main  in  the  forms.  .\11  forni.s  to  be  properly 
supported  and  braced  In  a  manner  to  safely 
sustain  the  dead  load  and  the  load  that  may 
be  Imposed  upou  tliem  during  construction. 

The  reinforcing  steel  shall  be  accurately 
located  In  the  forms  and  secured  against  dis- 
placement. 

Concrete  shall  be  placed  immediately  after 
mixing. 

Whenever  fresh  concrete  joins  concrete  that 
is  set,  or  partially  set,  the  surface  of  the  old 
eonerate  sball  be  roughened,  denned  and  spread 
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■R-ith  cement  mortar,  wLlch  mortar  shall  be 
mixed  in  proportions  of  one  of  cement  to  two 

of  MUtd. 

Concrete  shall  not  be  mixed  or  deposited  In 
freoslng  weatber,  unless  precautions  are  taken 
to  avoid  tlio  use  of  matmrial  covored  with  loe 
or  snow  or  that  are  In  any  other  way  tinflt  for 
use,  and  that  further  precautions  are  taken  to 
prerent  tlio  oonerato  from  freeslos  after  beins 
put  in  place.  All  forms  under  concrete  eo 
placed  to  remain  until  all  evidences  of  frost 
are  alNMat  from  the  concroto  and  the  natural 
hardening  of  the  oonoroto  has  proceeded  to 
the  point  of  safety. 

Concrete  laid  durins  hot  weather  shall  be 
drenched  with  water  twice  daily,  Sunday  In- 
cluded, durios  the  first  weelc   The  broken 
stone.  If  hot  and  dry,  anist  be  wet  before  so- 
•Ing  to  the  mixer. 

The  time  at  wUch  props  or  shores  may 
safely  be  remoTed  frmn  under  floors  and  roots 
will  vary  with  the  condition  of  the  weather, 
but  in  no  case  should  they  be  removed  In  less 
than  two  weeks;  provided,  tbat  eolnmn  foniis 
shall  not  be  removed  in  less  than  four  days; 
provided  further,  tliat  the  centering  fr^m  the 
bottom  of  slabs  and  sides  of  beams  and  slrd- 
era  may  be  removed  after  the  concrete  has  set 
one  week,  provided  that  the  floor  has  obtained 
sufflolent  hardness  to  sustain  the  dead  weight 
of  the  said  floor  an!  tliat  no  load  ur  weight 
shall  be  placed  on  any  portion  of  the  con* 
struetlon  where  the  eald  centers  have  been  re- 
moved. 

The  concrete  for  all  girders,  beams,  slabs 
and  colamns,  shall  be  mixed  In  the  proportions 

of  one  of  cement,  two  of  Band  nr  fine  gravel 
and  tour  of  other  aggregates  as  before  pro- 
Tided.  The  concrete  used  In  reinforced  con- 
crete-steol  constrtirtlon  must  he  what  is  usu- 
ally known  as  a  "wet"  mixture.  When  the 
concrete  Is  placed  In  water  It  must  be  placed 
in  a  semi-dry  state. 

Only  Portland  cement  shall  be  permitted  in 
reinforced  concrete  constructed  buUdlnss.  All 
cement  shall  lie  tested,  in  carload  lot.s  when  so 
delivered  or  in  quantities  equal  to  same,  and 
report  filed  with  the  Bureau  ot  Building  In- 
spection before  using  It  in  the  worlt.  Cement 
failing  to  meet  the  requirements  of  the  accel- 
erated test  will  be  rejected. 

SoundnesH  of  Ccmenl:  A  i  lf  '  ii-  d  Ti  -t. — 
Pats  ot  neat  cement  will  be  allowed  to  harden 
S4  hours  tn  moist  air.  and  then  be  submitted 

to  the  a.  r.  N  rated  trst  as  follows:  .\  pat  Is 
exposed  in  any  convenient  way  in  an  atmo- 
sphere of  steam,  above  boiling  water.  In  • 


loosely-cloBcd  vcsKel,  for  3  hours,  after  which, 
before  the  pat  cools,  it  is  placed  in  the  boiling 
water  for  S  additional  hours. 

To  pass  the  accelerated  test  satisfactorily, 
the  pats  shall  remain  Arm  and  hard,  and  show 
no  signs  ot  cracking,  distortion  or  dlalntegmp 
tion. 

Such  cements,  when  tested,  shall  have  a 
mlnlmnm  tensile  strength  as  foUows;  Neat 

cement  shall,  after  one  day  in  moist  air,  de- 
velop a  tensile  strength  of  at  least  150  lbs.  per 
•a.  In.;  and  after  one  day  In  air  and  atx  days  tn 
water  shall  develop  a  tensile  strength  of  at 
least  600  lbs.  per  sq.  in.;  and  after  one  day 
In  air  and  27  days  In  water  diall  develop  a 
tt-nsile  strength  of  at  least  600  lbs.  per  sq.  in. 
Cement  and  sand  tests  composed  of  one  part 
of  cement  and  three  parts  of  erndied  quarts 
shall,  after  one  day  in  air  and  six  days  in 
water,  develop  a  tensile  strength  of  at  least 
175  Iba.  per  sq.  In.,  and  after  one  day  tn  air 
and  27  days  in  water  shall  develop  a  tensile 
strength  of  at  least  240  lbs.  per  sq.  in.  These 
and  other  tests  as  to  fineness,  set.  etc..  made 
In  accordance  with  the  standard  method  pre- 
scribed by  the  American  Society  of  Civil  £n- 
glnoMB,  may,  from  time  to  time,  be  reanlred 
by  the  Bureau  of  nuildlng  Inspection. 

Walls. — Reinforced  concrete  may  be  used  in 
place  of  brick  and  stone  walls.  In  which  cases 
the  thickness  may  be  two-thirds  of  that  re- 
quired for  brick  walls  as  shown  In  the  Schedule. 
Section  18  of  the  Act  of  Aasembly  No.  123.  of 
the  Commonwealth  of  Pennsylvania,  approved 
June  0,  1901,  provided  the  unit  stresses  as 
set  forth  tn  these  regulations  are  not  ex- 
ceeded. 

Concrete  walls  in  such  cases  must  be  rein- 
forced in  both  dlreettona  In  a  manner  to  meet 
the  approval  of  the  Chief  of  the  Bureau  of 
Building  Inspection. 

Steel.  All  relnforcemento  need  In  re- 
inforced concrete  shall  be  of  standard  grade  of 
structural  steel  or  iron  of  either  grade  to  meet 
the  "Manufacturers'  Standard  Spedflcatlons," 
revised  February  3,  19  03. 

Relnforced-concrete  slabs,  beams  and  gird- 
ers shall  be  designed  In  aoeordanee  with  the 
followlnc;  assumptions  and  requirements: 

(a)  The  common  theory  ot  flexure  to  be  ap- 
plied to  all  beams  and  members  reidstlng  bend- 
ing. 

(bj  Tho  adhesion  between  the  concrete  and 
the  steel  Is  sufflclent  to  make  the  two  mate- 
rinl.s  art  togother. 

(c)  The  design  shall  bo  based  on  the  as- 
sumption of  a  load  four  tlmea  as  great  aa  the 
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toul  load  (ordlUMT  dMd  lc»d  plw  ordliuir 
Uv«  loftd). 

(d)  The  steel  to  take  all  the  tensile 
streBses. 

(e)  The  Btreas-fitraln  curve  of  concrete  i& 
compression  la  a  straight  Um. 

(f)  The  ratio  of  the  modaliis  Of  Olattieity 
of  concrete  to  that  of  steel: 

Stone  or  ^yel  concete  1  to  12 

Slag  concrete   .........1  to  16 

.    Cinder  concrete   1  to  30 

Tlie  allowable  unit  traiisverse  stress  tipon 
concrete  in  compression: 
Stone  or  gravel  concrete. ... 600  lbs.  per  84.  In. 

Slag  concrete   400    "  '* 

Cinder  concrete    2  50     '  " 

The  allowable  unit  transverse  stress  In  ten- 
■ton: 

Iron   IS.OOO  lbs.  p«r  tq.  In. 

Steel   IMOO  " 

The  eltowable  unit  shearing  strength  upon 

concrete. 

Stone  or  gravel  concrete  ...  .76  lbs.  per  sq.  in. 
Slag  concrete   SO    **  '* 

Cinder  concrete  25     "  " 

The  allowable  unit  adhesive  strength  of  oon- 
cfots: 

Stone  or  gravel  comereto. . .  .50  lbs.  per  sq.  in. 

Slag  concrete   40    "  " 

Cinder  concrete   lii    **  ** 

The  allowable  unit  stresses  upon  OflnessAO 
In  direct  compression  in  columns: 
Stone  or  gravel  concrete  . .  .800  lbs.  per  sq.  in. 

Slag  concrete   300     '"  " 

Cinder  concrete   150    "  " 

The  allowable  unit  stress  upon  hoop  coi> 
umns  composed  of  stone  or  gravel  concrete 
shall  not  be  over  1,000  lbs.  per  aq.  In.,  figuring 
the  net  area  of  tbe  drcle  wtttiln  the  hoop- 
ing. The  percentage  of  longitudinal  rods  and 
the  spacing  of  the  hoops  to  be  such  as  to  per- 
mit  the  concrete  to  safely  develop  the  above 
unit  str«  P3  with  a  factor  of  safety  of  four. 

When  steel  or  iron  is  in  the  compression 
■Idea  of  beams  the  proportion  of  stress  taken 
b7  the  steel  or  iron  Bhall  be  in  the  ratio  of  the 
uodnlus  of  elastic!^  of  the  steel  or  iron  to 
the  modnlns  of  elastleitr  of  the  concrete  pro- 
vided that  the  ruJa  are  well  tied  with  stirrups 
connecting  with  the  lower  rods  of  the  beams; 
pnrHded,  finrOier,  that  when  rods  «re  used  In 
compression,  the  approval  of  the  Chief  Of  the 
Bureau  of  Building  Inspection  must  be  ob- 
tained. 

In  the  design  of  stnicriirr-a  Involving  rein- 
forced concrete  beams  and  girders,  as  well 
aa  slnb«,  tba  baama  and  gbrdara  sball  be  treated 


as  T-bcams,  with  a  portion  of  the  slab  acting 
as  flange  in  each  case.  The  portion  of  the 
slab  that  m'ar  be  used  to  take  compreasion 
shall  bo  dependent  upon  the  horlzont-al  shear- 
ing stress  that  may  exist  in  the  beam,  and  in 
io  case  dudl  the  slab  portion  exceed  twentr 
times  the  thickness  of  the  slab. 

AU  reinforced  concrete  T-beams  must  be  re- 
inforced against  the  shearing  strees  along  the 
plane  of  Junction  of  the  rib  and  the  flange, 
using  stirrups  throughout  the  length  of  the 
beam.  Where  reinforced  concrete  girders 
carry  reinforced  concrete  beams,  the  portion 
of  the  floor  slab  acting  as  flange  to  the  girder 
most  be  reinforced  with  bars  near  the  top,  at 
right  angles  to  the  girder,  to  enable  it  to 
transmit  local  loads  directly  to  the  girder  and 
not  throvgh  the  beams,  thus  avoiding  an  In- 
tegration of  compressive  stresses  duo  to  simul- 
taneous action  as  floor  slab  and  girder  flange. 

In  tile  execution  of  work  In  the  field,  work  ' 
must  be  so  carried  on  that  the  ribs  of  all  gird- 
ers and  beams  shall  be  monolithic  with  the 
floor  Slaba. 

In  all  reinforced  concrete  structures  special 
care  must  be  taken  with  the  design  of  Joints  to 
provide  against  local  slrcaasa  and  BBoondarr 
stresses  duo  to  the  continuity  of  the  structures. 

Shrinkage  and  thermal  stresses  shall  be  pro- 
Tided  for  by  the  Introduction  of  steal. 

In  the  determination  of  bending  moments 
due  to  the  external  forces,  beams  and  girdera 
shall  be  considered  as  simply  supported  at  the 
ends,  no  allowance  being  made  for  continuous  . 
construction  over  supports.  Floor  slabs,  when 
constructed  contlnnoualy,  and  when  provided 
with  reinforcement  at  top  of  slab  over  the 
supports,  may  be  treated  as  oontlnuoua  beams, 
the  bending  moment  for  uniformly  distributed 
loads  being  talcon  at  not  less  than  WL/10  in 
oases  of  square  floor  slabs  which  are  rein- 
forced In  both  directions  and  supported  on  all 
sides,  the  bending  moment  may  be  taken  at 
WL/20;  provided,  that  in  floor  slabs  in  JuxU- 
poeltton  to  the  walls  of  the  building  the  bend- 
ing moment  shall  be  considered  as  WIVS,  when 
reinforced  in  one  direction,  and  it  the  floor 
slab  Is  aviara  and  lalnforoed  in  both  direc- 
Uons,  tha  bending  moment  ibaU  be  taken  aa 
wvio.- 

When  the  shearing  str^ses  developed  in  any 
part  of  a  reinforced  concrete  building  exceed 
under  the  multiplied  loads  the  shearing 
strength  as  fixed  In  tills  section,  a  sufflcient 
amount  of  steel  shall  be  Introduced  in  such  a 
position  that  the  deficiency  in  the  reslstanca 
to  sbear  la  ovarooma. 
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When  the  safe  limit  of  adhesion  between 
the  concrete  and  steel  Is  exceeded,  provisioa 
must  be  made  fur  transmlttins  tlie  ttrensth 
of  the  steel  to  the  concrete. 

Reinforced  concrete  may  be  used  for  col- 
umns in  which  the  ratio  of  the  length  to  least 
■ide  or  diameter  does  not  exceed  15.  If  more 
than  18  diameters  the  allowable  stress  shall 
be  decreased  propoi tiuually.  Reinforeing  rods 
that  are  introduced  for  lateral  stresses  most 
be  tied  together  at  Intervals  of  not  more  thau 
the  least  side  or  diameter  of  the  columns. 

Longitudinal  reinforcing  rods  will  not  be 
considered  as  taking  any  direct  compression. 


The  contractor  must  be  prepared  to  make 
load  tests  in  any  portion  of  a  reiufoi'ced  con- 
crete building  wlthiD  a  reaaonable  time  after 

erection  and  as  soon  as  may  be  required  by 
the  Chief  of  the  Bureau  of  Buildlag  luspectiou. 
The  testa  must  show  that  the  construction  will 
sustain  a  load  equal  to  twice  the  calculated 
live  load  without  signs  of  cracks. 

Systems  of  cottstruetlun  dilTerlng  from  the 
standard  already  approved  and  tested  may  be 
required  to  pass  a  load,  fire  and  water  test,  as 
presLii  1  n  Section  S  Of  the  Act  of  Assembly. 
No.  2;it>,  of  the  Commonwealth  of  PeuiQrl- 
vania,  approved  April  25,  1903. 


STRENGTH  OF  RIVETED  JOINTS 

By  J.  C  BLACK 

CaSDWWO  FROIC  THB  "CAUFORMU  JOURNAIf  Or  TBCHNOLOQT " 


The  results  of  a  series  of  tests  recently 
made  at  the  CItII  Engineering  Laboratory  of 
the  University  of  California  demonstrated  the 
efTect,  if  any,  of  certain  features  of  rivt't*- 1 
ivork  which  are  commonly  considered  defects. 

The  series  of  tests  included  (1)  Well-made 
Joints  having  punched  and  reamed  holes;  (2) 
joints  having  holes  punched  without  reaming; 
(3)  Joints  in  which  the  heads  of  rivets  were 
cooler  than  customary  when  driven;  (4) 
joints  in  which  the  heads  were  hotter  than 
customary  when  driven;  (5)  joints  in  which 
the  pressure  on  rivets  was  maintained  longer 
than  usual;  (6)  joints  containing  burned  riv- 
et.s,  the  rivets  having  been  heated  In  the 
forge  until  they  **»pit*'  upon  removal,  then 
carried  to  riveting  room  and  placed  in  regular 
petroleum  heater;  (7)  one  joint  having  extra 
large  holes;  (8)  Joints  having  holes  eccen- 
tric. All  plates  were  of  Ms -In.  Carnegie  "tank 
steel;"  rivets  were  %-in.  soft  .steel  of  Carne- 
gie manufarture.  Except  in  (7)  the  boles 
were  1:V1C  in.  in  diameter.  Riveting  was 
done  Willi  an  Allen  pneumatic  riveter.  The 
fact  that  specimens  were  email  aud  were  held 
by  hand  whilt  rhrti^d,  may  have  had  the  effect 
of  reducing  the  quality  of  the  work,  since  In 
large  work  the  platee  are  held  stationary  and 
thus  nfford  hotter  opportunftv  for  a  direct 
blow  from  the  machine.  In  general,  rivets 
were  driven  by  a  single  blow,  and  tbe  pressure 
was  maintained  for  only  nn  Inptnnt 

Rivets  were  heated  in  a  petroleum  heater; 
scale  was  knodced  fk'om  all  before  drMng — a 


practice  which  is  not  always  followed  In  ordin- 
ary work.  Only  lap  Joints  were  used,  and 
each  contained  two  rivets,  although  there 
were  two  doslgns  or  types  of  joint — the  flrst 
being  In  the  natiiro  of  a  slngle-rlveted  lap 
joint,  see  figure  1,  2  %  ins.  c.  to  c.  of  rivets; 
and  the  sri(;nd  having  the  pitch  line  of  rivets 
in  the  direction  of  stress  2*^  Ins.  o.  to  c.  of 
rivets.  All  joints  were  designed  to  fall  in 
the  rlveta,  although  in  some  cases  the  plate 
itself  gave  way,  at  a  point  very  near  to  what 
should  have  been  the  ultimate  strength  of  the 
rivets.  The  edges  of  all  joints  were  planed 
off  near  the  center  to  allow  the  proper  at- 
tachment of  brackets  for  deformation  meas- 
urements, in  the  flrst  type  of  joint  holes 
were  drilled  in  each  edge  of  each  plate  just 
opposite  the  rivets,  and  the  holes  were  tapped 
to  receive  a  number  K  screw.  In  tbe  second 
type  holes  were  drilled  midway  between  rivets 
and  were  tapped  as  before. 

The  tests  were  made  In  the  200»000-lb. 
Olsen  machine,  and  deformations  were  meas- 
ured with  an  Olsen  compressometer.  After 
the  joint  had  been  clamped  in  the  jaws,  and 
the  planed  edges  brought  Into  n  vprti< :al  posi- 
tion, brackets  were  screwed  lu  the  edyes.  Each 
bracket  contained  a  small,  accurately  finished 
brass  plug,  and  upon  whii  li  the  points  Of  the 
compressometer  arms  rested. 

Loads  were  applied  in  increments  of  1,000 
or  2,000  lbs.,  and  the  test  carried  tn  fnlluro 
without  stopping  the  machine  except  in  the 

special  csset  noted.  Baeli  Joint  bebftved  la 
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a  very  satisfactory  manaert  Maay  of  tbe 
specimens  bent  to  a  certain  aztant  bafora  fall* 
ure.  Rivet  failara  waa  alwaya  la  ahear,  ffly> 

lag  silky  fracture. 

The  resalts  of  the  series  of  teata  may  tw 
Bammed  up  under  seven  heads.  There  are  no 
poBitiTe  proofs  of  the  varloua  points,  but  the 
indications  are  aa  followa: « 

First.  That  the  strength  of  rivets  in  a 
Joint  having  holea  punched  without  reaming 
is  greater,  rather  than  leM*  than  la  one  In 
which  hoiaa  are  panebed  amall  and  reamed 
to  size. 

Second.  That  tbe  exact  temperatare  of  tbe 
rivet  or  of  a  particular  part  of  It  la  Imma- 
terial to  the  strength  of  the  Joint. 

Third.   That  a  malntaBaaea  of  presaure  for 


30  seoonda  materially  increases  both  the 
atrengtb  and  rigidity  of  tbe  Joint — tbe  firet 
Bometlmes  by  as  much  as  io^/,. 

Fourth.  That  rivets  buroed  ao  that  they 
■pit  when  taken  from  tbe  flre  do  not  neeae- 
sarlly  cause  a  weakness  in  tho  joint  altboasb 
they  do  not  properly  flu  their  holea. 

Fifth.   Tbat  a  rlTet  3/16  In.  emallar  than' 
the  hole  which  it  Is  to  fill,  will  fill  the  tpaoe 
tolerably  well,  though  not  perfectly. 

Sixth.    That  Jolnbi  la  whleb  tbe  holes  are 

not  porffctly  ronrentrlc  lac-k  rigidity,  but  give 

ultimate  strengths  about  up  to  standard. 

Serenth.  Tbat  tbe  shearing  value  of  a 
rivet  is  materially  greater  after  driving  than 
before,  this  probably  being  due  to  increased 
crooB  saetioa. 


SUPERHEATED  STEAM 

PROM   "  THR   RNOIXRER  "  !,0NnON 


No  engineer  possessing  a  fair  knowledge  of 
tbe  steam  engine  dlspotee  tbat  leas  superheated 

than  saturattjd  hteaui  \ti  required  fo  develop  a 
horse-power  per  hour.  The  problem  for  the  dls- 
passionate  outsider  Ilea  to  the  fact  tbat.  tn  aplte 
of  this  admission,  the  superlieater  remains  we 
fear  we  must  say  unpopular.  There  must  be 
some  reason  for  thfa. 

In  the  first  place,  a  great  deal  of  unrer- 
tainty  on  vital  points  exists.  Thus,  for  exam- 
ple, there  la  no  oouenans  of  oplallin  as  to  why 
superheated  steam  Is  more  economical  than 
saturated  steam.  We  are  told,  on  the  one 
band,  tbat  there  la  no  thermodynamic  reason 

why  It  should  be  better,  save  one.  that  It  keei)s 
the  cylinder  hot,  and  so  preventa  initial  cop- 
densation.    On  the  other  band.  It  la  afflrmed 

with  equal  eonfidence  tbat  Initial  euudenaa- 
tlon  la  a  delusion;  it  doea  not  occur;  it  can- 
not, for  «Kcel1ent  renaons,  occur.  Tbe  mlsalng 
quantity  Ib  simply  leakage,  and  superheating 
is  economical  because  it  preventa  leakage.  The 
perplexed  eteam  user  asks  why  a  vaWe  diould 
pass  saturated  steam  and  not  superheated 
steam,  but  he  never  receives  an  explanation. 
Again,  be  wants  to  know  If  It  la  really  possi- 
ble that  in  a  good,  well  l.  |it  engine,  the  valvcR 
of  wliich  are  absolutely  tight  while  the  engine 
la  at  reat,  no  less  tban  SO  or  40%  of  all  tbe 
steam  going  into  the  engine  will  leak  past 
them?  Very  naturally  he  is  incredulous. 
"Bat."  he  teaaons,  "It  thla  la  tnw,  Inatead  of 
fotitc  tn  for  anperbaating  with  its  Tartoaa 


risks,  why  not  make  my  engine  valves  tight? 
That  cannot  be  impoaslble."  Again,  be  ta  as- 
sured on  the  one  hand  that  nothing  more  Is 
required  tban  to  superheat  the  steam,  say  60°, 
ao  as  to  be  sure  that  It  Is  dry;  and,  on  tbe 
other,  that  to  make  superheating  worth  its  In- 
itial cost,  the  steam  ought  to  be  nearly  red-hot. 
Who  Is  right?  Nor  does  be  And  himself  on 
bafer  ground  when  he  has  to  determine  be- 
tween the  conflicting  claims  of  different  super- 
heating systems.  Shall  he  use  small  pipes  or 
large  pipes?  Will  the  waste  heal  froiu  hiu 
boiJera  do,  or  must  he  put  up  a  separate  fur- 
nace? If  he  naes  tbe  waste  beat  what  be- 
comes of  his  feed-water?  Is  that  to  go  told 
into  the  boilers?  No  definite  convincing  reply 
Is  to  be  bad.  The  price  to  be  paid  for  super- 
heating plant  at  the  outaet,  and  for  its 
maintenance,  ia  another  vexed  question.  It 
Is  not  wonderful,  we  think,  tbat  progress  Is 

Blow. 

Professor  Melianby,  in  a  discussion  held  at 
tbe  West  of  Scotland  Iron  and  Steel  Institute, 

on  a  paper  which  he  had  iireviously  presented, 
pointed  out  that  even  with  a  superheat  of  only 
200'  engines  have  to  he  very  carefully 
watihed.  As  to  higher  temperaturea,  he  di- 
rected attention  to  a  paragraph  in  his  paper 
In  whldi  he  bad  shown  that  the  thermodyna- 
mic gain  from  superheating  was  comparatively 
small,  and  its  chief  advantage  that  it  reduced 
tha  missing  quantity.  In  this  we  concur;  bat 
we  do  not  concur  when  ha  matntaina  tbat  the 
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miaalng  quantity  la  due  to  valre  leakage.  He 
ooneluded  with  the  following  words:    "It  la 

Indeed  remarkable  that  practically  all  our 
treatises  persist  in  regarding  steam  engines  as 
being  absolntelr  free  from  this  leakage,  wlilltt 
they  do  not  hesitate  to  attribute  enormous  in- 
itial condensation  losses  to  them  in  order  to 
aoeotint  for  their  measured  eonsnmptUm.  I 
am  sure  that  when  once  this  possibility  of 
valve  leakage  is  fully  recognised  by  writers 
and  •xperlmenters  then  will  last  be  a  prob- 
ability of  producing  a  reasoaaMo  thaory  of 
tha  iteam  engine." 

There  are  at  the  present  moment  Just  throe 
men  who  have  adopted  the  valve  leakage  the- 
ory in  ita  complete  form;  tbese  are  Messrs. 
CMlendar,  Nloolson  and  lUDanby.  OOiers  ad- 
mit, as  a  matter  of  course,  that  slide  valves 
leak,  but  this  leakage  la  for  all  enginee  worth 


taking  into  account  auite  exceptional*  We 
▼entttre  to  say  that  the  theory  Is  based  on  «▼!• 
dence  much  too  slight  and  too  narrow  to  pos- 
sess aelentlflc  value.  We  are  glad  that  Fro- 
fssaor  Miallaiiby  admlta  that  for  wlitdi  wa  havo 
long  contended — the  desirability  of  framing  a 
reasonable  theory  of  the  ateam  engine.  It 
ought,  we  Oklnk,  to  haTO  already  stmdc  Pro- 
fessor Mellanby  that  it  is  the  manifest  duty 
of  those  who  have  advanced  a  novel  proposi- 
tion to  proceed  to  prove  at  l«ut  Its  geaaral 
accuracy.  It  is  a  suggestive  fact  that  englnea 
with  drop  valvea.  which  presumably  do  not 
leak,  liava  a  intelng  quantity  quite  as  large 
as  that  in  slide-valve  engines,  and  that  they 
derive  at  least  aa  much  benefit  from  aapor> 
heating  as  does  any  good  slide  or  plstoa  itiwrn 
engine.  The  reply  to  this  argument  doos  not 
appear  to  have  yet  been  discovered. 


STEAM-DRIVEN  ELECTRIC 

■NQINS  POWER  VLAKTB  PBR  KW.  OAfACITT. 

ReclprocallnK 

Turbliif  plant?,  eneino  planU. 

SxeavaUona  and  toundaUona.  S2.00    fi2.00  S3.00  S5.00 

BoiMlas   MlOO   VSm  MM  MM 

TttBMla    (oondenaer  wattr 

conduit)                             1.75      4.00  l.BO  2.75 

Flius  luid        k                       2.50      3.60  2.00  8J60 

B«tl«ra  and  atokera                 8.00    12.00  &60  12.00 

BuparbMlan                         S^O     S.W  LTB  tM 

■eoBoolMrs                        £00     2.S  2.00  SS 

Coal  A  BBh  handllDK  iJStMll   1.50      3.00  1.C0  S.00 

Blowers  and  ducts. ........    1.00      l.SO  1.00  1.00 

Pumpa  and  Unka                  1.00      1.2S  1.00  1.2S 

Ptpins  syttans                   S.SB  4.oo  2.00  fi.oo 

Turbo-sMMimtan  (•oslaM).  S8.00  20.00  l&OO  22.00 

Condenaen*                           SlSO  8.00  3.00  S.OO 

Kxcltcra  18  1.00  .75  1.00 

Craao   25  .00  .28  .00 

BwlUAboiurda                          2.00  8.00  ZOO  tJBO 

FlmMiiS.  painUng,  labor,  ate   1-00  2.00  1.00  2.00 

OtDMstm   10.00  12.00 

<05.00  182.00  |7a25»lOL00 
*Surfa'  «  conilpnsor^  for  turblBS  plSBU;  Jtt  MlMlJSBIWS 

for  reciprocating  engine  planta. 

To  these  sumsMriaed  oosts  there  needs 

Still  to  be  added  the  engineering  fee  which 
in  many  cases  is  figured  as  a  percentage  on 
the  total  cost. 

It  should  be  nntod  that  the  first  and  third 
columns  of  figures  In  the  table  represent  coats 
which  are  exceptionally  low  and  may  b«  at^ 
taliieil  under  favorable  conditions  with  en- 
gineering skill.  The  second  and  fourth  col- 
umns of  figures  represent  fair  average  flgnres 
as  ascertained  from  the  costs  of  a  n  irabrr  of 
plants  recently  erected.  However,  plants 
have  been  Installed  which  coat  as  mneh  as 
9':*2  \,>T  K\V.  The  main  Items  OOBStltlltlllC 
>ost  approximated  |150  per  KW. 

All  of  these  figures  represent  costs  of  plaata 

tPmUt  KowtM*.  In  "BBflBMriag  News." 


POWER  PLANT  COSTSt 

of  large  capacity.  Small  plants  of  about  3,000 
KW.  capacity  have  been  erected  in  the  Weat 
at  flrom  lltO  to  |180  p«r  KW.,' which  coats 
may  be  reduced  if  a  simple  ComhtaiatlMl  of  agF 
chines  Is  provided. 

Referring  to  the  table.  It  will  bo  observod 
that  the  turbine  plant  varies  from  $65  to 
192  per  KW.  The  mala  Itema  constituting 
this  difference  are:  bnlldlag  turbo-generatoca 
and  condensers.  The  difference  in  eo^t  uf 
these  is  due  to  the  type  of  turbine,  the  sise 
and  make  of  condensers  and  their  awdHarlas, 
as  well  as  the  manner  of  assembling,  all  of 
which  may  roduce  the  sise  of  the  building  re- 
quired. 

The  difference  in  cost  of  boilers  is  due  to 
the  make  or  type  and  the  rating  of  the  boiler 
horse-power  adopted  by  the  plant  designer  per 
KW.  capacity.  This  ratio  varies  greatly. 
Plants  have  been  installed  with  the  same  type 
of  boiler  and  the  same  type  of  prime 
mover  in  which  the  ratio  varlea,  one  value 
being  0.60  boiler  horae-power  per  KW. 
generator  capacity,  while  In  other  cases  It  Is 
0.76  and  0.80.  This  difterenco  depends  upon 
the  experience  and  Judgment  on  the  part  of 
the  designer  as  well  as  the  estimated  ability 
of  the  future  available  operating  force  to  pro- 
duce steam  effectively. 

The  difference  observed  in  the  cost  of  the 
Other  Items  may  be  explained  by  the  differ- 
ence in  the  grade  of  material  used  and  the 
ability  of  one  purchaser  over  another  to  se- 
sure  tho  lowest  markat  priea. 


Digitized  by  Google 


POWER  TRANSMISSION  BY  FRICTION 

DRIVING' 


By  W.  R 

A  friction  drive  eottalsts*  of  a  flbroua  or 

somewhat  yielding  ilrivJng  wheel  working  In 
roUing  coDtact  with  a  metallic  driven  wheel. 
8n«Ii  a  driT«  mar  eonalat  of  a  pair  of  plain 
cyllndorcd  wheels  mounted  upon  parallel 
shafts,  or  a  pair  of  beveled  wheels,  or  of  any 
otlior  arrangoinent  which  will  servo  in  the 
transmiBsIon  of  motion  by  rolling  contact.  The 
use  of  such  drives  has  steadily  Increased  la 
reeent  years,  with  tiie  reanlt  that  the  ■o-called 
paper  wheels  have  been  improved  in  quality 
and  a  considerable  number  of  now  materials 
hnve  been  proposed  for  nse  In  tb»  constmc- 
tlon  of  fibrous  wheels. 

Choosing  materials  which  have  been  used 
tor  mch  purposes,  driving  wheele  of  eadi  of 
the  following  materials  have  been  tested: 
Straw  fiber,  straw  fiber  with  belt  dressing, 
lOBlher  fiber,  leather,  leatber-faced  Iron,  sul- 
phlte  fiber,  tarred  fiber.  Elacb  of  the  fibrous 
dflvlnK  wheels  was  tested  in  combination  with 
driven  wheels  of  the  following  materials:  Iron, 
aluminum,  ts^pe  metal. 

The  straw-fiber  wheels  are  worked  out  of 
blodis  which  are  built  up  usually  of  square 
sheets  of  straw  board  laid  one  upon  another 
with  a  suitable  cementing  material  between 
them  and  compacted  under  heavy  hydraulic 
prMMire.  In  the  finished  wheel  t!i«  sheci  Ap- 
pear as  disks,  the  edges  of  which  form  the 
face  of  the  wheel.  The  material  works  well 
under  a  tool  but  it  Is  harder  and  heavier  than 
most  woods  and  takes  a  good  saporfldal  pol- 
ish. 

The  wheel  of  straw  fiber  With  bott  dreidng 

was  similar  to  that  of  straw  fiber,  except  that 
the  individual  sheets  o£  straw  board  from 
which  it  was  made  had  been  treated,  prior  to 
their  being  converted  into  a  block,  with  a 
"belt  dressing,"  the  composliioa  of  which  Is 
unknown  to  the  writer. 

The  leather-fiber  wheel  was  made  up  of  ce- 
mented layers  of  board,  as  were  those  already 
described:  but  in  this  case  the  board,  instead 
of  being  of  straw  flbor,  waa  composed  of 

•Prom  a  r>ari«>r  prcFentPd  to  the  American  Society  of 
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gronnd  sole-leatber  eutttngs,  imported  tm*.  and 

a  small  perceiUago  of  wood  pulp.  The  ma- 
terial la  very  dense  and  heavy. 

The  leather  wheel  was  composed  of  layors 
of  disks  of  sole  leather. 

The  leather-faced  iron  wheel  consisted  of 
an  tron  wheel  havlag  a  leather  strip  cemented 
to  Its  face.  After  less  than  HOO  revolu-tlons 
the  bond  holding  the  leather  face  failed  and 
the  leather  separated  itself  from  the  metal  of 
the  wheel.  This  wheel  proved  entirely  incapa- 
ble of  transmitting  power  and  no  tests  of  it 
are  recorded. 

The  wheel  of  sulphite  fiber  wa.s  made  up  of 
sheets  of  board  composed  of  wood  pulp.  The 
sulphite  board  la  said  to  have  been  made  on  a 
steam-drying  continuous-prooesa  madllne  In 
the  same  way  as  is  the  straw  board. 

The  tarred-flber  wheel  was  mado  up  of 
board  composed  principally  of  tarred  roi)e 
stock.  Imported  French  flax  and  a  small  per- 
centage of  ground  flole-leather  cuttings. 

From  the  experiments  made  it  appears  that 
those  driving  wheels  which  are  the  more 
dense  work  mors  effldently  with  the  Iron  fol- 
lower than  with  either  the  aluminum  or  type- 
metal  foUowem;  but  in  the  case  of  the  softer 
and  less  dense  driving  wheels,  and  especially 
In  the  case  of  those  In  which  an  oily  substance 
Is  Incorporated,  driven  wheels  of  aluminum 
and  type  metal  are  superior  to  those  of  fron. 
Finely  powdered  metal  which  Is  given  off  from 
the  surface  of  the  aofter  metal  wheels  seems  - 
to  account  for  this  eStet.  and  the  character 
of  the  driving  wheels  is  perhaps  the  only  fac- 
tor necessary  to  determine  whether  Its  pres- 
ence will  be  beneficial  or  detrimental.  Finally, 
with  reference  to  the  use  of  soft-metal  driven 
wheels.  It  should  be  noted  that  no  combina- 
tion of  snch  wheels  with  a  fibrous  driver  ap- 
pears to  have  given  high  frlctional  results. 
Except  when  used  under  very  light  pressures, 
the  wear  of  the  type  metal  was  too  rapid  lo 
make  a  wheel  of  Ita  material  sarvlceable  In 
practice. 

In  regard  to  the  relative  value  of  the  dif- 
ferent fibrous  wheels  when  employed  as  drlv- 
,ers  In  a  friction  drive,  the  results  show  at 
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once  that  the  addition  of  belt  dressing  to  the 
composition  of  a  straw-fiber  wheel  la  fatal  to 
Ito  rrictlonal  qnalltlM.  Tb«  blgbest  (rlctlonal 
Qualities  are  possessed  by  the  sulphlte-flbcr 
wheel  which,  on  the  other  band,  Is  the  weak- 
Mi  of  an  wheals  tested.  The  leatheir  fiber 
and  tarred  fiber  are  exceptionally  strong;  and 
the  former  possesses  frlctlooal  qualities  of  a 
•uperior  order.  The  plain  atraw  fiber*  which 
in  a  commercial  sense  Is  the  moat  available  of 
all  materials  dealt  with,  when  worked  upon 
an  Iron  follower  ponueoaBc  frtetlonal  qualltica 
which  are  far  superior  to  leather,  and  strength 
which  la  second  only  to  the  leather  fiber  and 
the  tarred  fiber. 

The  result:;  of  th  sr  rxpprlments  do  not  fur- 
nish an  absolute  measure  of  the  most  satisfac- 
tory preaaure  of  contact  for  Berrlce  eondltlone. 
Other  things  being  equal,  the  power  transmit- 
ted will  be  proportional  to  this  pressure  and 
hence  It  to  dcalraUe  that  the  Value  be  made 
as  high  as  practicable.  On  the  other  hand, 
It  has  been  noted  aa  one  of  the  observaUoni 
of  the  test  that  ss  higher  pressnres  are  nsed, 
there  appears  to  be  a  gr;i  Jnal  yielding  of  the 
Structure  of  the  fibrous  wheels;  and  it  Is 
reasonable  to  oondttde  that  the  life  of  a  flTon 
wheel  will  in  a  large  measure  depend  upon 
the  pressure  under  which  it  is  required  to 
work.   After  careful  stady  it  has  been  d«t«r> 

mined  to  has*'  r;n  o-tltiiate  Of  the  power  which 
may  be  transmitted  upon  a  pressure  of  con- 
tact whldi  Is  20%  of  the  ttltlmate  resistance 
of  the  material  as  established  by  the  crushing 
tests  already  described.  This  basis  gives  the 
firtlowlng  resttlts: 

aAFB  WORKING  PRBSStlRBB  OF  CONTACT. 

Pressure. 

Straw  fiber   150 

Leather  fiber   240 

Tarred  fiber    240 

Sulphite  fiber    140 

Leather    160 

The  coefncient  of  friction  (or  all  wheels 

tested  approncliPs  Its  maxiniTim  vnhie  when 
the  slip  between  driver  aud  drivca  wheel 
amounts  to  2';!  and,  within  narrow  limits,  its 
value  is  practically  independent  of  the  pres- 
sure of  contact.  In  view  of  these  facts, 
It  is  proposed  to  base  a  measure  of  the 
power  which  may  be  transmitted  by  such  fric- 
tion wheels  as  those  tested  upon  the  frlctlooal 
qualities  developed  at  a  pressure  of  160  lbs. 
per  Inch  of  width,  when  operntfnpr  rinder  a 
load  causing  2%  slip.  For  eate  operaliou, 
however,  deductions  must  be  made  from  tho 


obsorvrd  values?.  Thuf,  the  results  of  the  ex- 
periments disclose  the  power  transmitted  from 
wheel  to  wheel,  while  in  the  ordinary  appli- 
cation of  friction  drives  some  power  will  be 
absorbed  by  the  Journals  of  the  driven  axle 
so  that  the  amount  of  power  which  can  be 
taken  from  the  driven  shaft  will  be  somewhat 
less  than  that  transmitted  to  the  wheel  on 
said  Shaft  Again,  under  the  conditions  of  the 
laboratory,  every  precaution  was  taken  to 
keep  the  surfaces  in  contact  free  of  all  foreign 
matter.  It  was.  for  example,  obeenred  that 
the  accumulation  of  l-iVioratory  dust  upon  the 
surfaces  of  the  wbeelti  bad  a  temporary  effect 
upon  the  trictlonal  qualities  of  the  wheels,  and 
friction  wheels  in  service  are  not  likely  to  be 
as  carefully  protected  as  were  those  in  the 
laboratory.  In  view  of  thsae  facts.  It  has  been 
thought  proper  to  use  as  the  basis  from  which 
to  determine  the  amount  of  jH>wer  which  may 
be  transmitted  by  such  wheels  as  those  tested, 
a  coefficient  of  friction  which  shall  be  60%  of 
that  developed  undelr  the  conditions  of  the 
laboratory.  This  hasls  glTSs  the  following 
results: 

TABLB  01  VINO  WORKINO  COEFFICIENTS  OP  FUC- 
TlOW  (00%  OF  ACTUAL  VALl  F.S    AND  EQUA- 
TIONS FOH  HORSliPOWEll. 


fl<  tliotloa.  Horse-power. 

Straw  fiber  and  )rnn   0  235  COOCiO  dWN 

Straw   Obor   anU    jiiuniUiUni   0.:;73  O.OtuXi'i  dW.V 

Straw  fiber  and  rypo  luctal   O.iw;  o.tMtiiL'-J  dW.N 

Leatb€r  flboi-   and   iron   u:\»r>  O  OIK^O  JW.S 

L<eatbcr    fi!x-r    and    aluminum..  ii.LliT  O.OXkTiT  rtVV'.N' 

r.i'alli.T    lU)i.r   and    tvnc   inoUl.  .  O.IK;  0.00<3;«  dWS 

Tari.d  fiber  and   iron   0.150  (VOX*!.^  liWH 

Torrid   nbtr  au<i  aliiUilnum   O.iXi  0.00035  dWN 

Tarred  fiber  and  trpe  tneul   U.l<i5  U.00031  dWN 

Sulphite  fiber  ond  Iron   0.330  0.00037  dWN 

Sui[>lK;e  fiber  and  aluminum....  0.318  0.0003B  dWN 

.-^iilphito  tUxr  and  type  mctal...  0.300  0  Oi:X>.'!4  dW.S 

Leather  and  Iron  ,   0,135  0.00018  dWN 

LwUwr  Kii4  nJuttlanm........  CvSM  aOOOOS  SWtt 

LmOmt  and  trps  aratai   Oi.2M  AOQOB  4WN 

HsTlng  now  determined  a  safe  working 

pre«snTo  of  contact  and  a  representative  value 
for  ibe  cuellicieut  of  (rictiua,  it  la  possible  to 
formulate  equationa  expressing  the  horse-power 
which  may  be  transmitted  by  each  toinblna- 
tioii  of  wheels  tested.  Thua,  talliug  d  the 
diameter  of  the  friction  wheel  In  inches,  W 
the  width  of  its  Tare  in  iuches  aud  N  the  num- 
ber of  revululiuus  pur  mluule,  the  equations 
are  as  given  In  the  accompanying  table. 

A  Obrous  drlvlni,'  wheel,  acting  upon  the 
face  of  u  melal  dink,  coualitutes  a  form  uf 
friction  gear  which  is  serrioeable  for  a  rarletjf 
of  purposes.  If  the  driver  is  so  mounted  that 
it  may  be  muvi:d  acroiis  the  face  of  the  disk, 
the  T«loclty  ratio  may  be.  varied  and  the  di- 
rection of  the  d!sk'.s  motion  may  be  reversed. 
The  contact  is  not  one  of  pure  rolling.  If  tlie 
driver  la  cylindrical  In  form,  the  action  along 
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Its  line  of  contact  with  the  disk  Is  attended 

slip,  tbe  amount  of  whldi  cbau^es  for 
every  different  point  along  the  line.  The  rec- 
ognition ot  thiB  fact  is  essential  to  a  discus- 
Bion  of  Uie  power-traaamittins  capacity  ot  tbo 
device. 

Ezperimeats  involving  tho  spur  form  of 
friction  wlieels  already  described  have  shown 
that  slip  greatly  affects  the  coefficient  ot  fric- 
tion;  that  the  coefficient  approaches  its  max- 
imum value  when  the  slip  reaches  2%^  and 
that  when  the  slip  e^eedi  3%.  the  coefilclent 
diminishes.  It  is  known  that  reductions  in 
the  value  of  the  coefficient  with  Increments  of 
slip  beyond  Z%  are  at  first  graduAl.  although 
the  characteristics  of  the  testing  machine  have 
not  permitted  a  definition  of  this  relation  for 
Blip  greater  than  4%.  The  experiments,  how- 
ever, fully  Justify  the  statement  that  for  max- 
imum results  the  Slippage  should  not  be  less 
than  2%  nor  more  than  4%.  It  Is  the  mazl- 
mnm  limit  with  which  we  are  cuncarned  in 
considering  the  amount  of  power  which  may 
be  transmitted  by  face  friction  gearing. 

From  the  discussion  ot  the  previous  para- 
graph, it  should  be  evident  that,  for  best  re- 
sults, the  width  of  face  of  the  friction  driver 
and  itie  distance  between  the  driver  and  cen- 
ter of  disk  should  always  be  such  that  the 
variations  in  the  velocity  of  the  particles  of 
the  disk  having  contact  with  the  driver  will 
not  exceed  i%.  A  convenient  rule,  which  if 
followed,  will  secure  this  condition,  is  to  make 
the  minimum  distance  between  the  driver  and 
the  center  of  the  driven  disk,  twelve  times  the 
width  of  the  face  of  the  driver.  For  exam- 
ple, a  driver  having  a  %-in.  width  of  face 
should  he  run  at  a  distance  of  8  ins.  or  more 
from  the  eenter  of  tba  disk. 


It  may  not  infrequently  happen  that  friction 
wheels  must  be  run  nearer  the  center  of  the 
disk  than  the  distance  spedHed;  there  is.  of 
course,  no  objection  to  such  practice,  but  it 
should  not  be  forgotten  that  as  the  center  of 
the  disk  Is  apprbaebed,  the  coefficient  ot  frlo- 
tion,  and  conscquontly  th«  Capacity  to  trww- 
mit  power,  diminishes. 

Whatever  may  be  the  form  of  the  trans- 
mission, the  filjroiis  wheel  must  always  bo  the 
driver.  Neglect  ot  this  rule  is  likely  to  result 
in  failure  whtcih  will  appear  In  tho  unequal 
wear  of  tho  softer  wheel,  occadoned  by  lUp- 
poge. 

The  rolling  surfaces  of  the  wheel  should  bo 
kept  clean.  Ordinarily  they  should  not  be 
permitted  to  collect  grease  or  oil,  nor  be  eX' 
poeed  to  excessive  moisture.  Whore  this  can- 
not he  prevented,  a  factor  of  safety  should 
be  provided  by  making  the  wheels  larger 
than  normal  for  the  power  to  bo  tranfr> 
mittod . 

Since  the  power  transmitted  is  directly  pro* 
porttonal  to  the  pressure  of  contact.  It  is  a 

matter  of  prime  importance  that  the  median* 
leal  means  employed  in  maintaining  the  oon- 
taet  be  as  nearly  as  possible  inflexible.  Por 
example,  arrangements  of  friction  wheels 
which  involve  the  maintenance  of  contact 
through  tho  direct  action  of  a  spring  have 
been  found  unsatisfactory,  since  any  defect  in 
the  form  of  either  wheel  introduces  vibrations 
which  tend  to  Impair  tho  value  of  the  arrange^ 
ment.  It  is  recommended  that  springs  be 
avoided  and  that  contact  be  secured  through 
mechanism  which  Is  rigid  and  which  when 
once  adjusted  shall  be  Incapable  of  bringing 
about  any  release  of  the  pressure  to  which  it 
la  set 


THE  MUSHROOM  SYSTEM  OF  REINFORCED 

CONCRETE 

By  C.  A.  P.  TURNER* 

COMDBXSBD  ritOH  "THfS  CANADIAN  BNOINBIBR.*' 


In  his  troattso  on  "Reinforced  Concrete  Con* 

Btrtictlon."  Chas.  F.  Marsh  mnkes  these  in- 
teresting observations:  "When  properly  com- 
bined With  motal,  oonereto  appears  to  gnln 
properties  whlck  do  not  exist  In  tho  material 

•IstiBtgr,  K.  Am.  Aw.  C.  K.  Mlaaespolls. 


when  by  Itself,  and  although  much  has  been 

done  by  the  various  experimenters  in  rcicnt 
years  to  increase  our  knowledge  on  the  sub- 
ject of  elastic  behavior  of  reinforced  concrete, 
we  are  still  very  far  from  having  a  true  per- 
ception ot  the  characteristics  of  the  composite 
material. 
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"It  may  be  that  we  are  wrong  from  the 
commencement  In  attempting  to  treat  it  alter 
the  manner  of  structural  Iron  work,  and  that 
although  the  proper  allowances  for  the  elastic 
properties  of  the  dual  material  is  an  advance- 
ment on  the  empirical  formulae  at  first  em- 
ployed, and  used  by  many  construclors  at  the 
present  time,  yet  we  may  be  entirely  wrong 
in  our  method  of  treatment. 

"The  molecular  theory,  i.  e..  the  prevention 
of  molecular  deformation  by  supplying  resist- 
ances of  the  reverse  kind  to  the  stresses  on 
small  articles  may  prove  to  be  the  true  method 
of  treatment  for  a  composite  material  such  as 
concrete  and  metal.  This  theory  is  the  basis 
of  the  Cottancin  construction  which  certainly 
produces  good  results  and  very  light  struc- 
tures, and  M.  Consid^re's  latest  researches 
on  the  subject  of  hooped  concrete  are  some- 
what on  these  lines." 

The  writer's  experience  in  the  design  of 
several  million  dollars  worth  of  reinforced 
concrete  work  for  a  great  variety  of  purpoEes 
leads  him  to  heartily  endorse  the  opinion  of 


Mr.  Marsh  regarding  economic  construction 
and  to  add  thereto  the  statement  that  "his 
experience  anl  observation  further  justifies 
the  assertion  that  a  fair  regard  for  the  lives 
of  the  workmen  and  the  safety  of  the  work 
during  construction  demands  a  type  of  con- 
struction in  which  the  work  is  so  tied  to- 
gether that  a  sudden  collapse  cannot  occur 
after  the  concrete  has  had  even  six  or  seven 
days  in  which  to  set. 

In  no  type  of  building  construction  can  the 
materials  be  as  promptly  obtained  and  the 
work  more  rapidly  constructed  than  reinforced 
concrete,  in  skillful  hands.  In  the  writer's 
experience  In  steel  construction  for  the  last 
fifteen  or  twenty  years,  there  have  been  quite 
a  number  of  men  who  have  lost  their  lives, 
from  time  to  time.  In  the  course  of  the  erection 
of  the  work,  while  In  reinforced  concrete  con- 
struction, we  have  not  had  a  single  accident 
to  a  workman  employed  on  this  class  of  con- 
struction. We  attribute  our  success  in  this 
respect  primarily  to  the  type  of  design  used 
together  with  the  fact  that  the  workmen  have 
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MUSHROOM  FRAMES  AND  ROD  REINFORCb'MBNT  RUNNING 

OVER  THEM. 


a  solid  floor  upon  which  to  work  at  all  times 
Instead  of  a  grid  of  steel  beams,  from  which, 
the  least  carelessness  on  the  part  of  the  work- 
men, results  in  a  serious  and  too  often  a  fatal 
fall. 

The  system  of  reinforced  concrete  which  It 
is  the  object  of  this  article  to  describe  is 
novel  In  the  following  respects:  It  consists 
essentially  of  slabs  supported  directly  by  col- 
umns, the  slabs  being  reinforced  directly  and 
diagonally  from  column  to  column,  thus  form- 
ing a  plate  with  the  reinforcement  so  ar- 
ranged that  it  will  act  approximately  along 
the  lines  of  the  flat  plate  theory,  the  distor- 
tion in  the  concrete  by  compression  due  to 
.one  system  of  rods  being  otTset,  to  a  certain 
extent,  and  reduced  by  the  compression  due 
to  another  system.  Again,  carrying  the  re- 
inforcement over  the  mushroom  head  where 
the  moment  in  the  slab  is  negative.  Axes  the 
slab  rigidly  at  the  supports. 

A  feature  of  this  new  construction  from 
which  It  derives  its  name  is  the  formation  of 
a  so-called  mushroom  at  the  top  of  each  col- 
umn by  extending  its  reinforcing  rods  later- 
ally some  four  feet  or  more  out  Into  the  slab 
in  a  radial  direction  aud  supporting  on  these 
ring  rods  which  In  turn  carry  the  lighter  re- 
inforcement for  the  slab  construction.  The 
top  of  the  column  Is  enlarged,  forming  a  neat 
capital,  which  assists  In  taking  the  additional 
stress  which  comes  upon  it  in  supporting  the 
entire  slab  at  this  point.  The  slab  reinforce- 
ment consists  of  parallel  rods  of  small  diam- 
eter running  between   adjacent  mushrooms. 


both  at  right  angles  and  diagonally,  and  of 
a  width  equal  to  the  diameter  of  the  mush- 
rooms. The  slab  rods  are  strung  over  the 
mushroom  frames  and  are  given  the  necessary 
sag  to  bring  them  near  the  bottom  of  the  slab 
between  the  columns.  They  are  further  wired 
together  at  their  intersections  to  hold  them 
securely  In  place,  while  the  concrete  Is  being 
poured.  In  this  manner,  the  steel  reinforce- 
ment is  well  distributed  through  the  slab, 
which  is  thereby  made  continuous  in  all  direc- 
tions. 

The  mushroom  head  is  adapted  to  framing 
around  almoct  any  kind  of  an  opening.  For 
example,  half-mushroom,  a  quarter-mushroom 
or  a  three-quarter  mushroom,  as  the  case  may 
be,  can  be  made,  the  radial  rods  being  folded 
around  In  a  fan  shape. 

The  arrangement  of  the  metal  in  the  col- 
umns preferably  consists  of  a  fair  amount  of 
vertical  steel  thoroughly  hooped  and  banded 
by  welded  bands.  The  strength  developed  by 
this  type  of  column  has  been  well  illustrated 
in  a  number  of  tests  of  full-sized  columns,  re- 
cently made  at  Phoeuixville,  Pa.,  by  the 
writer,  up  to  700  tons  capacity.  The  columns 
were  10  ft.  6  ins.  long;  diameter  of  hoops, 
14  to  16  Ins.;  vertical  reinforcement  of  eight 
rods  ranging  from  %-in.  to  1  UtAn.  rounds: 
bands  1%-ins.  x  3-16-in.  and  l^-ins.  x 
spaced  from  8  to  13  Ins.  centers;  strength 
developed  from  5,000  to  8.000  lbs.  per  in.  of 
core  area.  These  columns  were  about  the 
lightest  which  we  ordinarily  use.  The  differ- 
ence between  the  failure  of  this  type  of  column 
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and  that  iu  which  spiral  hooping  only  Is  used 
lies  in  the  fact  that  the  concrete  does  not  com- 
mence to  shell  or  crack  at  as  early  a  period 
in  the  test. 

We  Illustrate  herewith  the  reinforcement 
used  for  a  column  to  carry  a  working  load  of 
1,000  tons;  hoops  27  ins.  outside  diameter; 
column  30  Ins.,  octagonal  iu  section,  vertical 
rods  114 -ins.  in  diameter.  The  working  stress 
on  the  concrete  in  the  core  area  developed  by 
the  bands  at  13,000  lbs.  per  in.  on  Imaginary 
verticals  of  2.4  the  volume  of  the  hoops,  al- 
lowing 500  lbs.  per  in.  on  the  concrete  proper, 
is  2,500  lbs.  per  sq.  in.  working  pressure. 
The  mixture  of  the  concrete  used  was  1 
cement,  1  coarse  sand  and  3  parts  pebble, 
ranging  from  %-in.  to  "^-in.  In  diameter.  A 
view  shows  the  mushroom  frames  very  clearly 
and  the  rod  reinforcement  running  over  them. 
The  column  spacing  in  this  view  is  14  ft.  10 
ini.  X  17  ft.;  floor  slab  8  ins.  thick;  slab  rods, 
%-in.  rounds. 

An  Interior  view  shows  columns  and  slabs 
the  finish  In  this  building,  except  first  story, 
was  merely  a  white  coat  of  cold-water  paint. 
The  centering  used  was  sheet  metal  for  the 
column  forms  and  corrugated  steel,  suitably 
supported,  for  the  slabs. 

The  illustrations  are  sufficient  to  give  a  fair 
idea  of  the  construction  outlined. 

From  the  nature  of  its  reinforcement,  the 
system  is  claimed  to  be  well  fitted  to  be  used 
In  the  construction  of  warehouses  or  similar 


buildings  where,  due  to  the  presence  of  aisles 
and  passage  ways  for  trucks  between  the  col- 
umns, the  load  is  concentrated  around  the 
columns  just  where  the  mushrooms  with 
their  heavy  reinforcement  are  placed. 

As  to  its  fireproof  properties,  the  fact  that 
there  are  no  exposed  ribs  to  be  unequally 
heated  or  concentration  of  reinforcing  metal 
in  the  form  of  large  rods  inefficiently  protected, 
gives  this  system  a  claim  for  consideration  on 
the  ground  of  superior  fire-resisting  proper- 
ties. Where,  owing  to  the  character  of  the 
goods  to  be  stored,  sprinkler  systems  are  used 
to  keep  down  the  insurance  rates,  it  may  be 
noted  that  the  smooth  ceilings  such  as  are 
formed  by  the  mushroom  system  permit  the 
epaciug  of  the  sprinkler  heads  to  cover  the 
maximum  amount  of  area  possible,  thus 
materially  reducing  the  cost  of  the  equip- 
ment. 

An  economy  in  this  system  lies  in  the  fact 
that  it  does  not  require  expensive  forms  for 
girders  and  ribs,  with  the  attending  waste  of 
lumber,  but  simply  a  smooth  slab  support  re- 
quiring little  labor  to  construct  and  remove 
and  involving  a  minimum  waste  of  the  lum- 
ber in  the  centering.  There  is  less  liability 
of  the  reinforcement  being  misplaced  in  erec- 
tion than  with  usual  forms  of  construction  and 
less  opportunity  for  faulty  work  in  concreting. 
Where  the  loads  are  heavy,  there  Is  a  very  ma- 
terial saving  in  the  quantity  of  material  re- 
quired, both  in  concrete  and  in  steel. 


INTKUlOIi  VlhW  SHOWI.N'O  COI..UM.NS  AND  SLABS. 
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THE  HISTORY  OF  CYANIDATION' 

By  PHtUP  ARGALL 


About  two  huudred  years  ago  the  chance 
manlpttlatlfm  of  Impure  diemleals  by  DtesbBich, 
a  Berlin  color  manufacturer,  resultod  In  the 
formatioo  of  ferric  terrocyanlde  or  prusslan 
bine — the  flret  cyanogen  compound  known. 
This  chanro  discovery  of  a  new  compound  and 
a  new  color,  while  of  the  first  Importance  to 
Dtosbadi,  wee  none  the  lew  prophetic  of  the 

yet  undiscovered  cyanUir-  compounds  which 
hATe  since  revolutionized  more  than  one  in- 
dustiyt  nnd  added  mightily  to  the  gold  pro- 
duction of  the  world. 

The  simple  production  of  Prussian  blue  was 
distinctly  epoch-making,  and  rightly  takes 
rank  among  the  greatest  of  chemical  discov- 
eries, if  measured  only  by  the  present  useful- 
nees  of  the  cyanogen  compoands  In  the  metal* 
lurgy  of  gold.  At  the  time  prusbian  blue  was 
discovered  in  1704  indigo  was  the  only  blue 
coloring  matter  known,  and  «o  we  And  Dlea- 
bach  and  his  partner,  Dippel,  an  ;ilr  1  ttulht, 
were  Quite  early  engaged  in  the  manufacture 
of  this  new  and  beautiful  cyanogen  compound. 
In  1710  Dippel  presented  a  paper  to  the  Acad- 
emy of  Berlin  calling  attention  to  the  new 
compound,  without,  howerer,  dleeloslng  the 
method  of  Us  pri  j  arafi  n  Fourtcc-n  years 
later  Woodward,  an  English  chemist  and  Fel- 
low of  the  Royal  Society,  not  only  sneeeeded 
In  making  prusslan  blue,  but  also  made  public 
the  method  of  its  preparation,  and  it  is  inter- 
eetlng  to  note  that  this  method  of  Woodward's 
Ifl  practically  the  process  by  which  prusslan 
blue  Is  prepared  today.  MacQuer,  in  1752, 
observed  that  when  prusslan  blue  is  boiled 
with  caustic  potash,  oxide  of  iron  remains, 
whilst  a  peculiar  salt  enters  into  solution 
whldi  was  named  ptaloglstleated  alkali,  or  yet- 
low  pruesiate  of  potash.  This  body  was  shown 
to  contain  iron  and  prussic  acid  by  BerthoUet 
in  1787. 

The  actual  composition  of  Prussian  blue  was 
not  known  until  1782,  when  acheele^  78  yearn 
after  Its  diseovery,  obtained  an  add  from  It 
which,  in  consequence  he  named  "prussic 
add."  but  even  then  the  composition  of  the 
add  was  not  known.   Prusilo  add.  hydrocy- 
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auic  acid,  or  nitride  of  formic  add  (CNB) 
occurs  In  certain  plants,  as  for  example,  fn 
laurel  leaves,  peach  leaves,  and  in  kernels  of 
several  kinds  of  stone  fruit.  The  acid,  how- 
ever, was  first  obtained  in  the  pure  state 
Oay  Lussac  In  1811,  while  four  years  later  the 
same  chemist  discovered  the  radical  cyanogen 
and  showed  that  it  was  capable  of  existing  In 
the  free  state.  Hydrocyanic  acid  is  said  to  have 
been  known  to  the  Egyptian  priests  and  used 
by  them  to  kill  traitors. 

Cyanide  of  potassium  was  first  made  by  the 
simple  fusion  of  yellow  prussiate  of  potash 
and  farroeyanlde  of  potassium  in  Iron  era* 
clbles;  when  this  operation  is  properly  on- 
ductcd  the  result  is  a  mixture  of  carbide  of 
Iron  and  cyanide  of  potassium,  the  former  ad- 
hering to  the  sides  of  the  crucible,  the  latter 
in  the  midst  of  the  mass.  With  a  view  to 
remedying  certain  objections  to  the  foregoing 
process,  Liebig  proposed  the  Ignition  of  dry 
ferrocyanide  in  the  presence  of  dry  potassium 
carbonate.  At  present  much  of  the  cyanide 
of  potassium  used  in  cyanldalion  of  or.  la 
produced  by  the  Erienmeyer  process,  which  is 
based  upon  the  action  of  sodium  on  ferrocyan- 
ide of  potassium  according  to  the  reaction: 
Fe  (CN)A  +  Na,sFeH-4  (KCN)  8  iNaCN) 

The  resulting  product  Is  next  treated  wMi 
water,  the  solution  evaporated,  and  the  salt 
sold  as  98%  potassium  cyanide,  but  it  is 
really  a  mixture  of  4  molecules  of  potassium 
cyanide  in  a  solution  of  potassium  cyanide. 

With  the  introduction  of  the  aniline  colors. 
Prussian  blue  found  but  a  limited  use  In  the 
arts,  while  cyanide,  formerly  of  limited  appli- 
cation in  medicine,  photography,  electroplat- 
ing, and  as  a  laboratory  reagent,  has,  since 
the  cyanide  process  was  established  on  a  full 
scale,  been  used  In  greater  quantities  than  an) 
of  the  cyanide  compounds,  even  now  over  one- 
half  the  potassium  ferrocyanide  produced  la 
used  in  the  manufacture  of  potassium  cyanide. 

Since  cyuiogen,  really  a  nitride  of  carbon, 
greatly  resembles  the  halogens,  chlorine,  bro- 
mine, and  iodine,  all  of  which  dissolve  gold, 
as  'Ao  also  some  of  their  compounds.  It  was 
but  a  natural  Inference  that  cyanide  of  potas^ 
slum  would  dissolve  gold,  as  pointed  out  bji 
Hagen  In  180d.    Of  the  various  cyanogen  com* 
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pounds,  I  «ball  now  confine  myself  to  potassium 

cyanide  (KCN)  and  endeavor  tn  ^.how  In  a 
casual  way  the  development  of  this  salt  as  a 
gold  aolTent  on  a  practical  scale. 

It  Is  reported  that  Dr.  Wright,  of  Birming- 
ham, England,  used  gold  cyanide  solutions  for 
electroplating  as  early  as  1840,  In  consequence 
of  his  inveatigatlons  following  the  publication 
of  Scheele's  report  on  the  solubility  of  gold 
cyanide  In  a  solution  of  potassium  cyanide. 
The  brothers  J.  R.  and  H.  Elkington  made  the 
first  practical  application  of  potassio  cyanide 
as  u  gold  solvent,  and  patented  It  In  1840,  in 
connection  with  the  electro-deposition  of  gold 
from  cgranlde  solutlims,  though  the  applieatloa 
does  look  aomewliat  closely  related  to  Dr. 
Wright's  process  above  mentioned. 

The  Elkington  solution  was  made  by  dis- 
solving salts  of  gold  in  potassium  cyaulde;  in 
their  arrangement  the  articles  to  be  gilded  form 
a  cathode,  a  plate  of  gold  the  anode,  both  Im- 
mersed In  the  cyanide  bath.  The  gold  as  da- 
posited  on  the  article  to  be  gilded  was  dis- 
solved from  the  gold  anode  plate,  thus  keep* 
ing  the  auro-potasslc  cyanide  bath  of  about 
the  same  strength;  here  we  see  that  a  solution 
of  potassium  cyanide,  plus  electricity,,  was  at 
this  early  date  (1840)  a  known  and  recognized 
commercial  gold  solvent,  and  with  but  slight 
modifications  It  is  so  used  In  etoctroplating 
today. 

In  1843  the  Russian  Prince  nagratlOB,  while 
InTesUgating  the  Elkingtous'  process,  discov- 
ered that  cyanide  can  dissolve  gold  without 
tho  aid  of  electricity.  It  Is  said  that  la  the 
coniM  of  his  researches  he  poured  some  cya- 
nide solution  into  a  gilded  vessel  and  on  empty- 
ing the  vessel  aome  time  later  found  the  gold 
plating  bad  been  removed  from  the  sides  and 
bottom.  After  a  thorough  examination  Ba- 
gration  reached  the  following  conclusion, 
which  not  only  stands  good  today,  but  also 
quite  fairly  sums  up  our  general  knowledge 
of  the  action  of  potassium  cyanide  on  gold: 

First,  that  cyanide  of  potassium  will  dissolve 
metallic  gold;  second,  that  If  the  gold  la  very 
fine  it  will  pass  rapidly  Into  solution;  third, 
that  tho  electric  current  did  not  in  the  least 
help  tho  Rolvent  action  of  the  solutiou  of  th** 
gold:  fourth,  that  heat  greatly  assisted  the  so- 
lution of  the  gold;  that  pold  in  oyanlde  solu- 
tion cau  be  precipitated  on  metallic  surfaces 
without  the  aid  of  electricity;  and  lastly,  that 
the  air  has  a  very  nuirkod  arfmn  in  quicken- 
ing the  suluuuu  ul  gold  in  cyanide  solutions. 

Prom  this  time  progress  was  .raitld.  In 
1844  Eisner  showed  that  oxygen  was  neeei^ 


sary  in  connection  with  the  use  of  cyanide  as 

a  aolveul.  In  liii"  Faraday  made  quantita- 
tive determinallons  regarding  the  amount  of 
gold  leaf  dissolved  by  solutions  of  cyanide  and 

the  rate  of  Buhitlon.  Wurtz  in  IStiO  showed 
that  weak  solutions  could  be  used  in  dlssolV'- 
Ing  gold.  Following  Wurts,  Rae,  Clark,  Faw- 
ceit  and  Saunders  made  further  discoveries, 
in  Simpson  of  Newark,  N.  J.,  patented  a 
process  for  obtaining  gold  from  oraa  hy  using 
cyanide.  In  1887  the  first  MacArthur- Forrest 
patent  waa  taken  out.  Other  patents  were 
taken  out  by  MacArthur  and  Forrest  In 
America  and  In  Germany.  Considerable  liti- 
gation over  the  validity  of  the  iwtents  resulted, 
and  the  dedslons  of  the  courts  were  unfavor- 
able to  the  patentees. 

The  MacArthur-Forrest  process  consists  of 
neutralising  the  acidity  in  a  given  ore  with  an 
alkali,  dissolving  the  precious  metals  with  di- 
lute solution  of  potassium  ^anlde,  and  pre- 
dpltatlng  the  gold  on  filiform  sine.  Th«  modU 
flcations  of  this  process  are  numerous.  The 
patent  of  J.  C.  Montgomery  of  Scotland,  July, 
1892,  employed  sodium  or  potassium  dioxide 
as  an  oxidizing  agent  In  conjunction  with  caus- 
tic soda.  The  points  provided  for  here  were 
the  furnishing  of  more  oxygen  and  having  a 
strong  alkaline  solution,  as  such  solutions  are 
more  active  them  plain  cyanide  and  water.  In 
the  Kendall  process  of  1892  the  action  of  cyan- 
ide is  quickened  hy  means  of  ferrocyanlde  of 
potassium;  here  an  attempt  is  made  to  hasten 
the  action  of  th«  cyanide  as  well  as  at  the  same 
tfana  coosarw  Its  strength;  the  evolution  of 
naserat  cyanogen  is  probably  also  introduced 
for  the  first  time  as  a  feature  of  the  process. 
Imitating,  no  doubt,  the  evolution  of  nascent 
chlorine  in  another  process,  which  is  well 
known  to  greatly  augment  the  dissolution  of 
gold. 

Almarin  B.  Paul  originated  wet  crushing 
with  cyanide  solution  in  the  batteries  at  the 
Calumet  mill.  Shasta  county,  California. 

Wet  crushing  with  cyanide  solution  in  the 
batteries  was  a  distinct  step  in  advance,  but 
sllme-treatment  apparatus  was  not  in  a  suffi- 
ciently advanced  state  to  meet  the  require- 
ments  of  wet  crushing  in  solution,  and  so  It 
did  not  take  immediate  root  in  this  country. 
We  next  hear  (in  1896)  of  wot  crushing  in  so- 
lution in  New  Zealand,  and  later  it  became 
the  established  practice  in  tha  Black  Hills  of 
South  Dakota,  from  whence  It  spread  oyct  the 
mining  districts  of  the  West.  Crushing  in  the 
cyanide  aolatipn  in  connection  with  amalgama- 
tion was  practiced  by  the  writer  on  conean- 
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mte  obtained  from  routed  ralpho^elturide 

ores  In  189  7.  Crushing  In  cyanide  solution  Is, 
the  writer  belierw,  the  process  of  tbe  future, 
on  either  ruw  or  roasted  ore,  and  with  modem 
slime-agltatton  and  filtering  machinery,  leaves 
little  to  be  desired.  In  fact,  the  great  advance 
In  fine-crushing  appliances  during  the  last  few 
years,  coupled  with  the  sllme-treatment  ma- 
chinery above  referred  to,  has  well  nigh  ren- 
dered the  treatment  of  sand  obsolete.  It  It 
true  that  it  costs  more  to  grind  a  given  ore  to 
peas  a  screen  of  0.006-in.  aperture  than  to  pass 
0.02-iii.  aperture,  but  the  increased  extraction 
usually  resulting  from  the  finer  commtnution 
of  the  ore  very  materially  exceeds  the  cost  of 
grludlng,  to  say  nothing  of  the  saving  in  time 
and  equipment,  tor  at  brat  vats  tn  this  cold 
Winter  climate  are  a  very  expensive  installa- 
tion, particularly  when  the  housing  of  the  vats 
and  the  heating  of  the  bnlldtng  to  taken  Into 
consideration. 

A  substantial  improvement  in  the  proeeBi  of 
cyaniding  was  the  patent  of  MacArthnr-BIllB 
in  1896,  for  the  prevention  of  sulpho-cyantdei 
passing  into  solution  when  treating  ores  con- 
taining sulphldea  soluble  in  cyanide  Kolutions. 
This  patent  provides  for  the  addition  of  carbon- 
ate, acetate,  or  sulphate  of  lead,  so  that  the 
insoluble  lead  lulplilde  is  formed  In  advance, 
and  the  working  loluttona  freed  from  ^kallne 
sulphides. 

The  decantation  process  of  slime  treatment 
was  developed  in  South  Africa,  and  at  present 
practically  all  the  slime  on  the  Rand  is  treated 
by  this  method,  which  consists  in  agitating  the 
slime  in  weak  cyanide  solution,  usually  by 
means  of  centrifugal  pumps,  circulating  the 
sludge  from  one  vat  to  another,  then  allowing 
the  slime  to  settle,  decanting  the  clear  solution, 
adding  water,  and  again  agitating  and  repeat- 
ing the  process  till  the  gold  In  solution  to  re- 
duced to  the  tenor  of  practical  requirements. 
The  decantation  process  has  been  gradually 
developed  In  Bonth  Africa  by  Butters  and 
others;  the  process  now  In  use  was  first  suc- 
cessfully applied  to  the  Rand  ores  by  John  R. 
WUIlamB  about  the  year  1896. 

One  RTPat  advantage  of  the  cyanide  process 
over  all  other  practical  methods  of  gold  extrac- 
tion is  the  faet  that  it  will  dtiaolve  gold  and 
silver  from  raw  or  unroafltpd  ores.  This  feat- 
ure w&ii  uaturally  made  the  most  of  lu  early 
day  advertl.semcnts  by  the  llacArthur-Forreat 
people.  It  did  not,  however,  apply  on  sulpho- 
tellurlde  ores,  lu  the  treatment  cf  which  roast- 
ing becamo  a  leading  feature;  this  was  flrs^ 
introduced  on  a  commercial  sale  by  the  writer 


at  the  plant  of  the  Metallic  Extraction  Co., 
at  Cyanide,  near  Florence,  Colorado,  in  tha 
treatment  of  Cripple  Creek  ores  in  1896. 

Roasting  introduced  many  dtfflculties  and 
complications,  chief  of  which  were  the  .sulpluite 
salts  in  poorly  roasted  ores,  but  these  troubles 
were  gradually  overcome,  and  results  have 
6hown  that  cyanide  properly  applied  is  the 
correct  treatment  for  those  ores,  because  they 
can  be  cyanlded  for  about  one-half  the  present 
cost  of  chlorinating  them  and  witk  batter,  ax- 
traction.  Considerable  difllcultles  were  expe- 
rienced In  the  early  days  of  cyanidation  in  se- 
curing good  precipitation  from  dilute  solutions, 
until  the  introduction  of  the  zinc-lead  couple 
by  MacArthur,  and  the  xinc-mercury  couple  by 
Caldecott.  made  possible  the  effective  precipi- 
tation of  the  gold  from  the  most  dilute  soiu- 
tions. 

The  introduction  of  the  cyanide  procesa  in 
West  Australia  to  treat  sulpho-tellurlde  orea 
has  been  fruitful  in  Invention.  These  ores 
contain  l&  to  20%  lime,  and  early  developed 
the  nasty  trick  of  setting  in  the  vats  like  so 
much  concrete.  (I  refer,  of  course,  to  the 
roasted  ore.)  The  first  apparent  success  con- 
sisted of  amalgamating  in  pans  the  finely 
ground  ore,  then  filter-pressing  to  get  rid  of 
the  acid  salts  resulting  from  bad  roaatlng;  next 
treating  the  cakes  from  the  filter-press  with 
cyanide  solution,  and  lastly  filter-pressing 
again  to  drive  out  the  gold -cyanide  solution. 
This  process  cost  about  |10  per  ton,  but  is 
much  simplified  and  now  reduced  to  about  |3 
per  ton. 

The  process  used  at  Kalgoorlie  in  Its  im- 
proved form  consists  of  roasting  the  finely 
ground  ore  to  break  up  all  sulphates  and  reach, 
when  possible,  a  dead  roast;  next,  grinding  the 
roasted  ore  in  pans  or  tube-mills  until  98% 
of  it  passes  a  200-mesh  screen;  next,  agitating 
in  cyanide  solution  until  the  gold  is  dissolved, 
and  lastly  filter-pressing  direct  from  the  agita- 
tors. This  method  of  treatment  is  l<nown  as  th^ 
ail-sliming  cyanide  propess.  The  fl no-grinding 
methods  of  ore-treatment  developed  In  West 
Australia  introduced  the  fllter-proBu  and  the 
tube-mill  Into  the  cyanide  proofss.  The  mbe- 
mlll.  flint-mlU,  or  pebble-mill,  as  it  is  variously 
called,  has  been  in  successful  use  in  the  lement 
business  for  some  time  prior  to  its  introduction 
in  practical  cyanide  work  in  West  Aui>tralla. 
The  tube-mill  has  proved  to  be  the  best  slim- 
ing ninohlnp  so  far  discovered,  but  it  Is  never- 
theless pushed  hard  by  grinding  paus  of  the 
Wheeler  type  even  In  the  sliming  of  ores,  while 
the  pans  excel  as  fine  grinders  to,  sajr,  approxi- 
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mately  100-m«sb.  Tlie  filter-press  had  a  short- 
1lY«d  Yletory.  for  by  the  time  It  was  perfected 

from  an  ore-treatmont  point  of  view,  and  the 
costs  reduced  to  sometlilag  reasonable,  the  de- 
velopment of  the  svetlon-lllters  showed  deartr 
that  the  massive  cuir.bersome  liUer-preFa,  •ex- 
tremely costly  to  install  and  expensive  to  op- 
erate, eonld  not  saccessfully  compete  with  the 
simpler,  (-htnper.  and  much  moro  efficient  aac- 
tion-fllter,  which  is  now  rapidly  displacing  the 
fllter^preiB  tn  many  of  the  gold  fields  of  the 
world. 

The  Diehl  process,  also  used  at  Kalgoorlle 
and.  fn  fact,  elaborated  for  the  treatment  of 
those  particular  ores  in  the  raw  state,  presents 
some  interesting  features,  if  not  new  depart- 
ures, In  cyanldln?.  Owing  to  the  high  cost  of 
fuel,  lal)or,  and  power,  roasting  on  this  gold 
field  is  very  expensive,  and  while  the  Diehl 
process  only  partially  eliminated  roasting,  yet 
this  method  is  extremely  interesting,  showing, 
as  it  does,  the  great  posslbiUties  of  cyanidation 
when  the  ore  Is  reduced  to  an  extremely  fine 
atato  of  division. 

In  its  latest  form  the  Diehl  process  ia  found 
tn  operation  at  Kalgoorlfe:  Fint,  the  raw 
tellurlde  ore  is  stamped  in  dilute  cyanide  solu- 
tion in  batteries,  using  the  ordinary  outside 
and  Inside  amalgamating  plates,  fleoond,  the 
crushed  ore  is  passed  over  concentrating  tables 
and  the  concentrate  resulting  from  this  opera- 
tion Is  roasted  and  amatgamated.  The  third 
step  is  grinding  the  tailing  from  the  tables  in 
tube-mills  to  an  Impalpable  powder,  practically 
the  entire  produce  passing  a  slere  of  200  mesh 
per  linear  Inch.  In  the  fourth  operation  the 
slimed  ore  Is  agitated  In  Tats  for  two  hours  in 
«  0.2%  cyanide  solution;  hromo-cyanogen  Is 
then  added  at  the  rate  of  0.04%  of  the  dry  ton- 
nage of  the  charge,  and  agitation  continued  for 
22  hours.  The  charge  is  usually  complete  in 
2  4  hours'  treatment,  though  It  may  require  a 
further  addition  of  bromo-cyanogen.  The  last 
operation  is  passing  the  pulp  through  filter- 
presses,  the  filtrate  going  to  the  zinc-precipi- 
tation boxes  and  the  residaes  in  the  form  of 
cakes.  39  H  Ins.  square  and  8  ins.  thick,  to  the 
waste  dumps.  The  cost  of  bromo-cyanogen 
in  this  process  runs  from  SOc.  to  |l.50  per  ton 
111  ores  varying  from  ^  to  1  oz.  gold  per  ton. 
The  Dlehl  process  is  based,  first,  on  the  re- 
moval of  the  greater  part  of  the  tellurides  by 
concentration  and  roasting  for  the  liberation 
of  the  gold  before  treating  them  by  amalgama- 
tion in  cyanide  solution;  second,  sliming  the 
tailing  and  treating  the  pulp  by  agitation  In 
cyanide  of  potaaslum  solution,  to  which  Is 


added  from  time  to  time  bromo-cyanogen, 
which  salt  win  partially  attack  the  tellurldes, 

insoluble  in  straight  cyanide.  The  success  of 
the  process,  however,  depends  chiefly  on  the 
thoroughness  of  the  concentration,  as  high- 
grade  tailing  from  the  concentrating  mill  in- 
variably means  high  final  tailing  after  agita- 
tion with  bromo>C3ranogen.  The  process,  In 
brief,  amounts  to  the  removal  by  concentration 
of  a  deleterious  material  from  contact  with  the 
cyanide  solution,  "to  be  handled  by  such  other 
methods  as  the  particular  circumstances  will 
indicate,"  as  pointed  out  by  the  writer  in  1894 
In  an  attempt  to  show  the  scope  of  the  cyanide 

IMOcess,  and  that  It  could  "be  applied  to  ores 

direct,  or  as  a  combination  process,  with  amal- 
gamation or  concentration,  or  boOi,  as  may  be 
found  most  convenient  for  the  economic  treat- 
ment of  the  ores."  The  Diehl  process  has 
made  no  progress  outside  Australia,  and  even 
there  It  is  declining.  Where  roasting  charges 
are  high,  the  process  has  a  fair  chance  on  ores 
below  a  valuation  of  fS  to  |12  per  ton,  de* 
pending  on  local  conditions. 

Various  processes  in  which  the  inventors 
have  attempted  to  precipitate  gold  firoitt  ft 
muddy  and  foul  electrolyte  have  failed  utterly. 
Hence  it  has  become  common  knowledge  that 
clear  solutions  are  conditions  precedent  to  sue- 
cessful  precipitation  from  all  cyanide  solution; 
and  so  we  come  to  the  last  step  in  cyanidation 
in  whldi  filtration  Is  the  dominant  note. 

Moore  obtained  an  American  patent  for  a 
suction-filter  in  1903«  which  was  introduced  at 
the  Mereur  Mines  (irtnh),  but  on  account  of 
defective  mechanical  contrivances  the  filters 
were  not  quite  satisfactory  and  were  su4)se- 
quently  abandoned;  In  trOier  places,  howsver, 
the  Moore  filter  has  been  quite  successful.  The 
filter  consists  of  a  series  of  leaves,  or  rectan- 
gular cells  with  permeable  wvlls,  through 
which  the  solution  is  forced,  when  a  vacuum 
Is  created  in  the  interior  of  the  cell,  leaving 
the  solids  (slime)  to  form  cakes  on  the  cell- 
walls.  A  number  of  these  cells  are  bound 
together  in  a  so-called  basket  and  immersed 
In  a  vat  of  sllmo  until  cakes  of  necessary  thick- 
ness have  formed;  then  the  basket  is  lifted 
from  the  vat  and  transferred  to  a  wash- 
water  vat  and  the  vacuum  maintained  In  the 
interior  of  the  cell  until  the  soluble  gold  has 
been  replaced  by  wash-water,  when  the  bas- 
ket Is  again  hoisted,  brought  over  the  dump- 
ing i>]aco  and  compressed  air  turned  on  to 
displace  the  cakes.  The  Moore  filter  might 
be  briefly  described  as  a  movable  suction- 
filter  In  a  fixed  vat. 
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Cusell  obtained  a  patent  in  1904  (or  what 
inlgbt  be  briefly  described  as  a  fixed  inetton- 
fllter  In  a  fixed  vat.  In  this  apparatus  the 
slime  and  solution  are  circulated  around  the 
fixed  filter  by  means  of  a  oentrtfugal  pump, 
and  when  the  cakea  are  finally  washed  thsf 
are  displaced  by  water  or  air  and  discharged 
throuKh  the  doors  provided  (or  the  purpose 
In  the  bottom  o(  the  vats.  Both  the  Moore 
and  the  Cassell  filters  provide  vacuum-pipes  (or 
lifting  the  filtered  solution  from  the  bottom 
of  tlM  cell  to  the  dlfldtarca  at  tha  top,  but  tha 
pressure  of  2.5  lbs.  per  sq.  In.,  necessary  for 
this  operation,  is  not  available  for  filtration 
In  this  form  of  apparatus.  A  third  type,  the 
gravity  suction-filter,  will  soon  be  on  the 
market,  with  capacity  for  making  25  tons 
and  fiO  tons  of  filter-cake  at  each  cycle.  This 
apparatus  may  be  described  as  fixed  filters 
with  a  movable  vat  and  gravity  flow  from 
tha  bottom  of  the  filter-cells  to  the  vacuum- 
pump.  When  the  vat  Is  moved  back  all  the 
filter-cells  are  completely  exposed,  and  the 
cakea  can  be  dumped  prastleallj  dry.  Lastly, 
we  have  the  Rldgway  rontlnuous  fUter.  said 
to  be  operating  quite  succfssfuUy  in  West 
Australia.  In  this  form  of  suction-filter  a 
central  rotating  vertical  axle  c.irrles  arms 
with   depending   filters   which   slowly  pass 


through  an  annular  slime-vat  while  the  cake 
Is  being  formed,  thence  through  wash-water, 
and  next  to  the  dump,  where  compressed  air 
is  turned  on  to  displace  the  cakes,  thus  com- 
pleting the  cycle,  and  the  filter  again  entering 
the  slime-vat  for  the  commencement  of  the  next 
cycle.  The  arms  are  automatically  raised 
when  passing  from  one  division  of  the  annular 
vat  to  another,  and  the  valves  to  the  strong 
and  weak  solution  and  of  the  compressed-air 
line  are  automatically  operated  as  the  ma- 
chine revolves. 

Returning  to  the  above  brief  review  of  the 
cyanide  process,  it  is  quite  clear  that  no 
chwnlcal  improvement  of  any  moment  has. 
been  made  on  the  process  as  evolved  by  Mae- 
Arthur  and  Forrest.  Weak  solution  and  fili- 
form zinc  are  everywhere  in  use  today;  oraa 
are  universally  prepared  for  cyanidlng  by  neu- 
tralizing the  acidity  with  lime,  while  lead  salts 
are  lUTarlably  used  in  the  cyanlding  Of  ll«aT7 
s-iilphldes  or  badly  roasted  ores.  Improve- 
ments have  been  almost  entirely  along  en- 
gineering lines.  In  crushing  or  tMdTarizlng.  In 
RHminfr,  in  agitating.  In  filter-press  work,  and 
in  suction-fllters;  in  fact,  all  along  the  line 
of  mechanical  ongin— ring  improvements  havo 
bepn  many,  and  progresB  steady  and  eoi^ 
tinuous. 


STRUCTURAL  STEEL  VS.  REINFORCED 

CONCRETE 

Br  R.  E.  HAGERTY 

CONDEiNSIiU  FUUM    -APFLIiiU  SCIE.NCE."  TORONTO 


Structural  steel  was  originally  necessitated 
by  the  introduetloii  of  railroads  about  1839, 

and  its  use  has  steadily  Increased  since  that 
time.  It  was  first  used  in  small  culvert  spans 
as  beams,  and  later  was  applied  to  the  con- 
struction of  larger  bridges.  The  continued 
advancement  In  the  use  of  steel  as  an  engineer^ 
Ing  material  has  been  due,  primarily,  to  cer- 
tain physical  properties  considerably  superior 
to  those  of  any  marketable  substance  to-day. 

1.  Of  these,  the  first  is  unit  strength,  which 
Is  exceedingly  high  la  both  tension  and  com- 
pression.    Merriman  gives  the  ultimate  or 
maximum  strength  of  structural  steel  as  60,- 
pound*  per  SQuara  ln6h  in  both  tension 


and  compression.  The  working  stress  varies 
from  12,000  to  22,000. 

2.  In  conjunction  with  the  above  comes  a 
property  almost  equally  as  great,  namely, 
specific  gravity,  which  Is  (or  steel  about  7.8S, 
and  Is  remarkably  low  oontlderliig  tb«  high 
strength  value. 

The  above  are  two  of  the  most  influential 
reasons  for  the  adoption  and  continued  use 
of  steel.  They  Indicate  theoretical  and  practi- 
cal posBlbilities. 

3.  Another  property  of  considerable  Im- 
portance Is  malleability  In  mild  or  structural 
steel.    This  condition  renders  practicable  roll- 
ing the  material  Into  standard  ahapes,  such  as 


uiyitized  by  Google 


156  *  THE  ENGINEERING  DIGEST 


r»,  cbannelB,  ansles.  etc.,  wbicb  are  so  con- 
veniently and  extensively  used  In  straetural 
steel  mtithods  of  (oiiBtruction. 

4.  A  fourth  property  o{  steel,  wbicb  also 
adds  to  Its'reaslbflfty,  fa  tbe  tow  and  almost 
coil ^Ui i  t  coefTlcicnt  of  expiiiision.  The  rate  of 
expaneiou  per  degree  Fahr.,  according  to 
Kent,  1b  firom  .00Q00648  to  .00000<t86.  Con- 
sequently, accurate  calculations  with  regard 
to  beat  expansion  are  possible.  However,  It 
nay  be  well  to  point  ont  just  here  that  the  rate 
of  expansion  for  concrete  is  almost  the  same. 

&.  The  rigidity  of  steel,  as  indicated  by  its 
tnodnlns  of  elaatielty  eqnalg  29,000,000  Ibe. 

per  sq.  in.,  is  high  and  comparatively  constant 
up  to  the  elastic  limit,  while  tbe  modulus  for 
concrete  te  only  about  2,000,000.  and  to  not 
actually  constant,  making  necessary  the  use 
of  assumptions  which,  to  a  greater  or  Itm  ex- 
tent. Impair  the  reliability  of  theoretical  rein- 
forced concrete  designs. 

A  consideration  of  the  foregoing  physical 
properttea  of  ateel  accounts  for  the  theoretical 
and  practical  possibilities  incident  with  the  in- 
troduction and  continued  use  of  the  material. 
Wnrvww,  its  praelltMl  meeesa  ha  been  due  to 
a  series  of  eonstdstatloiw  evinced  by  practice 
itsslf. 

1.  Ot  these,  the  one  of  greatest  importance 

Beems  to  me  to  have  been  tb«  capacity  for 
magnitude  of  structures  designed  in  structural 
steel.  I  refOr  to  large  bridges,  viaducts,  skele- 
ton buildings,  etc.  The  most  extensive  struc- 
tures in  existence  are  built  of  this  material; 
but  to  definitely  Impress  the  huge  proportions 
of  what  has  been  at  least  attempted  in  steel 
work,  kindly  permit  a  few  dimensional  facts 
concerning  the  Quebec  Bridge.  The  structure 
was  of  cantilever  type,  consisting  of  deck  truss 
approach  spans,  each  550  ft.  long;  two  canti- 
lever arms,  each  562  ^  ft.  long,  and  one  sus- 
pended span  675  ft.  long,  tbe  longest  simple 
truss  span  ever  built.  The  total  central  clear 
span  of  the  bridge  from  pier  to  pier  was  to  he 
1,800  ft.,  tbe  longest  In  the  world;  while  th** 
total  length  of  the  bridge  was  to  be  3.220  ft. 
The  depth  of  the  trusses  varied  from  97  ft. 
at  the  portals  to  315  ft.  over  the  main  piers; 
and  the  height  of  the  peaks  of  the  main  post 
above  the  river  was  400  ft.  The  clear  head- 
way over  the  high  tide  was  150  ft.,  and  It  was 
proposed  that  the  new  bridge  have  a  clear  span 
of  200  ft.,  in  order  to  permit  vessels  of  the 
"Mauretanla"  type  to  reach  Montreal.  Magni- 
tude, then,  is  an  important  capability  possessed 
by  structural  steel,  which  may  never  be  ap- 
proached by  reinforced  concrete. 


2.  In  close  connection  with '  magnitude 
comes  the  possibility  for  accurate,  delicate 

and  complicated  design  and  constr\ictlon,  cer- 
tainly not  attained  in  any  other  building  com- 
modity yet  Invented. 

3.  Inspection  is  a  jjotent  factor  in  the  safety 
of  structures.  Thoroughness  in  this  respect 
is  facilitated  to  a  high  degree  In  the  methods 
employed  In  steel  construction.  A  large  por- 
tion of  tbe  work  is  done  in  the  shop  of  tho 
brMge  company  who  may  be  the  contractors 
for  a  certain  piece  of  steel  work,  l-arge  mem- 
bers are  fabricated  in  the  shop  and  shipped 
as  unit  pieces  to  the  place  of  erection.  Indi- 
vidual members  weighing  as  much  at,  100 
tons  were  used  on  tbe  Quebec  Bridge.  It  may 
be  easily  understood,  then,  that  shop  inspec- 
tion is  considerably  superior  to  field  inspec- 
tion, which  predominates  in  reinforced  con- 
crete construction.    Hence,  the  im^ectioii  of 

structural    steel    is   decidedly    more  reliable 

than  is  that  of  the  other  system. 

4.  The  same  condition  that  increases  the 

efficiency  of  steel  inspection  also  necessitates 
the  probability  of  first  class  workmanship. 
Judging  even  superllctally  from  the  nature  Ot 
shop  work  its  superiority  over  field  work  Is 
evident.  The  systematic  concentration  of  the 
designing  ofllce.  the  drawing  olllee,  the  tem- 
plate shop,  and  the  various  accessories  of  the 
structural  workshop,  such  as  electric  cranes, 
pnenmatie  hotots,  high  pressure  punching  and 
riveting  machines,  is  bound  to  induce  good 
workmanship  as  opposed  to  the  rough-and« 
ready  temporary  methods  prevailing  in  the 
Held.  This  apparency  Is  verified  by  experi- 
ence. Tears  of  observation  of  tbe  manufac- 
ture of  steel  also  has  tu  effect  on  good  work- 
manship. 

Tbe  prominence  of  this  argument  in  favor 
of  steel  Is  also  well  shown  by  the  Quebec 
Bridge  disaster.  A  professional  man  view- 
ing the  tangled  mass  of  steel  which  overhangs 
the  south  main  pier  cannot  but  observe  the  ex- 
cellent character  of  the  workmanship  which 
must  have  been  placed  in  the  material  for  that 
bridge.  The  steel  overlying  that  pier  fell  with 
H  tremendous  momentum  a  distance  of  nearly 
400  ft.,  and  still  there  was  but  little  rupture 
of  material  or  dissembling  of  parts. 

This  is,  indeed,  a  wonderful  tribute  to  a 
eoudition  of  almost  perfect  workmanship 
which  has  been  attained  in  structural  steel 
practice. 

5.  The  problem  of  erection  is  much  simpli- 
fied by  methods  of  steel  work.  Members  are 
assembled  and  erected  by  derrick  or  traveller, 
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and  are  fitted  into  place  with  ease  and  aeett* 

rncy.  and  are  then  bolted  or  riveted.  Hence, 
ease  of  erection  is  another  very  strong  point 
In  favor  of  striMtural  steel. 

From  the  reasons  eet  forth  Iti  the  foregoing 
the  extreme  auii  iudlnpeuBable  value  uf  steel  In 
engineering  construction  Is  apparent. 

Nevertheless  we  have  still  to  deal  with  tho 
flnauclai  questiuu.  With  the  invention  of  ttie 
Bessemer  process  the  cost  of  mild  steel  as  used 
In  large  qtiantitles  was  reduced  Tj-i  or  more, 
making  tlie  material  financially  po&Blble.  Fur- 
ther, with  the  eloslng  years  ot  the  nineteenth 
century  came  n  domnnd  for  steel  which  fully 
doubled  tbe  market  (or  this  commodity.  Con* 
diUons  Imposed  on  owners  ot  property  lying 
within  the  business  dlstrlrt"  of  Inrge  cities  are 
responsible  for  the  adoption  of  whtit  is  termed 
the  hlfh  bniidlng.  Centralisation  of  hnstnese 
promoted  a  high  Increase  In  land  values  around 
these  centers,  such  as  the  "Heart  of  Chicago." 
CooasQuently  a  dfMttand  for  paying  Invest- 
ments, and,  therefore,  for  more  floor  ^^pacp,  led 
to  the  erection  of  the  high  bu-tldlng,  when 
"sikeletoa"  construction  came  into  vogue.  The 
extensive  space  occupied  by  the  solid  masonry 
construction  was  greatly  decreased  by  the 
rrtntettmU  steel  oolumn,  and  on  this  account 
steel  heeame  a  great  llaandal  •nceeas. 

BBINrORCBD  CONCRETE. 

The  durations  of  existence  of  structural  steel 
and  reinforced  concrete  are  roughly  in  the 
proportion  of  a  century  to  a  decade,  and  all 
fair  rrnnlderatlons  of  the  possibilities  of  the 
latter  material  mnet  take  this  into  account. 
Tho  proesM  of  eslahlUblng  reinforced  con- 
crete has  been  similar  In  Its  stasop  to  that  of 
steel,  but  the  discussion  will  be  somewhat  dif- 
ferent Steel  has  been  established  hy  a  series 
of  favorable  points  as  mentioned  before,  and 
its  progress  has  been  repelled  by  one  or  two 
large  propeirtlos  of  douhtful  economy,  llre- 
proofnosR  and  durability.  These  have  led  to 
the  spontaneous  establishment  ot  the  newer 
material,  wUdi  In  rererse^  strangely  enough, 
has  to  battle  with  tho  less  important,  but 
more  numerous  considerations  which  built  up 
Structural  steel. 

Considerable  theory  has  been  developed  con- 
cerning reinforced  concrete,  such  as  the  for- 
mulas of  Talbot.  Hatt,  Thaeher  and  others. 
These  calculations  are  based  on  the  special 
ability  of  concreta  to  withstand  compression, 
necessitating  the  nee  oS  only  a  small  nnuN»t 
of  steel  placed  In  such  a  way  as  to  assist  the 
concrete  in  tension.    The  theory  assumes  a 


condition  of  no  slipping  of  the  embedded 
metal  in  addition  to  some  assumptions  com- 
mon to  both  systems  of  design.  The  goneral 
reliability  of  concrete  as  a  material  Is  not  as 
good  as  that  of  steel,  and  hence  design  is  af- 
fected as  regards  pure  theory.  We  may  say, 
however,  that  theoretleally  reinforced  concrete 
Is  a  success. 

With  regard  to  strength  representative  tests 
havt-  served  to  convfuce  even  the  most  con- 
servative that  reinforced  concrete  has  beyond 
doubt  the  ability  to  carry  load.  These  experl- 
BMDtal  tests  are  substantiated  by  praetleal 
results  such  as  large  structures  which  are  ac- 
tually standing.  It  is  evident  then  that  rein- 
forced concrete  Is  a  theoretical  and  practical 
possibility. 

POINTS  IN  FAVOR  OF  REINFORCED  CON- 
CRETE. 

1.  Probably  the  most  erroneous  conception 
ever  acquired  by  the  public  was  that  ot  fho 
fircproofuess  of  structural  steel.  Columns  of 
steel  in  buildings  will  frequently  buckle  from 
excessive  heat  fifteen  minutes  after  the  out- 
break of  a  fire,  showing  their  incapability  to 
withstand  the  flame  successfully. 

It  ha:-:  Ih.-cu  stated  that  large  timber  columns 
of  the  "slow  burning"  form  of  construction 
are  irore  fireproof  than  steel.  However,  to 
offset  this,  varioutf  forms  of  fireproof  protec- 
tion for  steel  have  been  used.  Of  these  solid 
porous  terra  cotta  or  hollow  terra  cotta  tiles 
here  been  extensively  applied,  hut  as  yet  these 
methods  have  not  proved  successful. 

lUiioforced  concrete  square  columns  arc  uot 
seriously  affected,  for  more  than  %  in.  from 
surface  or  for  more  than  tliree  Inches  radially 
at  the  corners.  It  is  indeed  generally  conceded 
that  poncrete  is  the  only  decidedly  fireproof 
material  known  which  its  capable  of  application 
tc  eaelueering  purposes.  This  argument  is 
worth  a  host  of  others,  and  cannot  receive  too 
much  attention. 

2.  The  durability  of  concrete  and  its  im- 
portance as  an  argument  can  also  hardly  be 
Tinderestlmated.  It  rauks,  I  believe,  equally 
with  that  of  fireproofness,  aud  the  tests  are 
even  more  eonvtndng.  In  Rome  can  be  found 
to-day  a  number  of  examples  of  concrete  con- 
structed over  2,000  years  ago.  The  concrete 
Of  the  Pantheon  dome,  the  House  of  Vestals, 
the  Aqueduct  of  Veniif?  still  remains,  while 
stone  in  ancient  ruins  has  lung  since  crumbled 
away. 

The  corrosion  of  ptrel  Is  well  known  Dif- 
ficulty has  been  found  in  obtaining  suitable 
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paint  even  tu  miuimize  the  powerful  oxldizlog 
effect  of  air  on  Irou  surtace.  However,  it  te 
now  B  wetl-establtBhed  teet  that  ateel  embed- 
ded In  concrolo  is  rendered  absolutely  ruat 
ffroot.  Some  writers  even  maintain  that  % 
eoatliiK  of  mat  In  the  eteel  before  placlBg  In 
the  concrete  is  beueUcial.  But  lu  any  case  w« 
may  say  that  durability  of  concrete  reinforced 
1b  strangely  enongli  two>told.  Both  phaaei, 
viz.,  tho  durability  of  the  concrete  itself  and 
that  of  the  embedded  steel,  are  established  by 
an  eahanatlve  aei  of  teats  reoentljr  eompleted 
by  Professor  Norton,  of  the  Massachusetts  In- 
stitute of  Technology.  The  only  condition  the 
Professor  spedfles  is  to  "mix  wet  and  mix 
well."  I  Mjisht  add  that  "the  durability  of 
iron  emb«dded  in  concrete  is  attested  by  Iron 
damps  found  In  the  mortar  Joints  in  tho  Pmn- 
theoD  after  a  period  of  fully  t,999  years,  Whldl 
were  In  good  condition." 

The  ttltrarlmportanoe  ot  tlieee  two  argn- 
mrntr  1  evident.  HowevttT,  there  aro  aome 
others  worthy  of  mention. 

5.  In  direct  connection  with  the  above 
comes  the  argument  which  is  advanced  with 
impunity  by  all  advocates  of  reinforced  con- 
crete.  That  la  the  low  cost  ot  maintenance 

which  is  practically  nil,  while  the  painting  of 
Steel  and  the  higher  insurance  rate  on  steel 
structures  Increases  the  eost  of  maintenance 
of  buildings,  etc.,  of  this  type. 

4.  The  monolithic  nature  of  reinforced  con- 
erete  design  Is  clearly  shown  to  Bubetantlaliy 
Increase  efllcionny  in  resisting  vibrations  such 
as  are  caused  by  machinery  or  the  shock  from 
earthquakes,  etc 

Experiments  to  determine  the  results  of 
shocks  on  various  floor  sjwtems  have  been  car- 
ried on  recently  by  the  Paris  and  Orleans  Halt'- 
way  Co.  Flonrs  of  the  .steel  beam  and  brick 
arch  construction,  and  of  the  reinforced  con- 
crete system  were  constructed,  using  the  same 
live  load  In  the  design  for  both.  In  propor- 
tion to  the  impacts,  the  vibrations  of  the  steel 
beams  snd  brick  ardi  construction  to  the  con- 
crete construction  were  20  to  1  in  amonnt  and 
11  to  1  in  time  of  duration. 

B.  Ftom  the  contractors'  standpoint,  steel 
for  reinfurclu-^  ran  bo  .siipplfcd  within  a  few 
weeks'  notice  instead  of  so  many  months  as  is 
generally  the  case  with  structural  steel  orders. 

6.  Noiseless  cou:-tructlon  Is  Often  ^^  uuitter 

of  practical  and  commercial  consideration. 
The  construction  of  the  Marlborough  Blenheim 

Hotel.  Atlantir  ""Ky.  was  carried  on  while 
guests  remained  in  the  older  portions  of  the 
bnildlns.  Tlie  hotel  proflta  would  undoubtedly 


have  been  impaired  by  the  nolay  tfTOtlng  uC 
the  structural  steel  erection, 

7.  Concrete  when  erected  la  claimed  to  be 
souud-proof. 

The  above  are  a  few  of  the  many  points 
adranced  In  favor  of  reinforced  concrete.  In 
the  main,  I  believe  I  Iiave  shown  that  this 
commodity,  when  fabricated,  is  decidedly  an 
engineering  snocese.  However,  nnllke  steel, 
most  of  the  disadvantages  lie  with  the  eon" 
Biruction. 

DISADVANTAGES  OF  REINFORCBD  CON- 

1.  Workmanship. — ^The  greater  portion  of 

the  construction  of  reinforced  concrete  is  done 
in  the  field.  Conseiiuently  the  tendency  la 
natvralJy  toward  less  efflelent  workmanship. 
On  thl»  (.ccount  the  work  Itself  la  less  reliable, 
also,  owing  to  the  difficulties  met  with  in 
**form  building,"  exact  and  truly  finished 
workmanship  is  difflcult  and  unusual. 

2.  The  contractor  is  subject  to  varying  local 
labor  oonditlons.  to  a  large  extent.  The  eoetot 

tranfaporting  workmen  to  various  "Jobs," 
which  are  frequently  scattered,  is  a  consider- 
atloR  of  important  practical  bearing. 

3.  From  the  nature  of  the  construction,  dif- 
ficult delay  and  mistakes  in  placing  the  steel 
reinforcement  are  evidratly  liable.  Henoe  the 
chance  for  properly  enscttted  deaign  is  materi- 
ally lessened. 

4.  The  large  amount  of  lumber  used  during 
construction  greatly  Increases  the  possibility 
of  fire.  This  is  especially  objectionable  in  the 
hearts  of  dttes. 

5.  One  of  tho  greatest  engineering  objec- 
tions is  the  difficulty  of  reliable  inspection. 
Much  has  been  said  with  regard  to  this  phase 
of  tho  subject,  and  It  will  merely  be  necessary 
to  refer  to  it  as  being  one  of  the  most  flagrant 
complaints  against  reinforced  conereta.  The 
dimcultles  of  obtaining  reliable  inspaetlon  may 
be  classed  perhaps,  as  follows: 

<a)  Non-uniform  testlns  of  oement 
(b)  Incompletaneaa  ot  inq^inc  the  min- 
ing; 

(e)  Dffflcultles  in  placing,  etc 

6.  Every  portion  of  construetlon  has  to  be 
molded,  too,  exactly  in  its  permanent  posi- 
tion. Hence  the  term  **clumsy"  construction 
lias  betu  ;ji'pnej.  The  method  of  raising  the 
concrete  members  has  been  tried,  but  Is  im- 
practical on  account  of  the  excessive  weight 
of  the  concrete. 

We  have  remaining  the  discussion  ot  the 
targe  ancstton  oi  llnandal  poislMlity  of  rein* 
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forced  concrete.  The  cost  is  largely  increasofl, 
o{  courvie,  by  Ibese  constmcdonal  conditions. 
For  Instance,  the  cost  of  placing  reinforce" 

ment  is  about  $12  per  ton  of  sic  1  But  the 
all-importdQt  item  is  the  cost  ol  "forms."  This 
I  believe,  wUl  aTerage  ofw  Z9%  of  the  total 
cost  of  the  concrete  in  a  structure.  Cer- 
tain advocates  of  reinforced  concrete 
claim  that  Ha  cost  la  SS  per  cent.  1ms 
than  that  of  steel.  I  have  in  mind  a 
building  erected  according  to  the  reinforced 
system,  and  the  contractor  lost  aeveral  thou- 
Band  dollars  by  un  t":  l  idding  structural  steel.  " 
Personally,  i  believe  that  the  average  cost  of 
reinforced  concrete  la  naually  a  little  In  ad- 
vance of  steel.  Whether  or  not  this  extra 
llnanclal  outlay  is  warranted  Is  entirely  a  mat- 
ter of  opinion,  yet  to  be  shown  by  the  results 

of  more  extensive  experience. 
ADAPTABIUTY  OF  R£JLNPORCBD  CON- 
CRBTB. 

Justification  for  cost  Is  an  Important  con- 
sideration, and  may  bo  better  discussed  by  a 
brief  reference  to  some  (vedflc  examples. 

1.  The  fireproof  argument  hardly  applies  to 
bridges.  However,  durability  and  resistance 
to  vibration  are  eminently  required,  and  are 
attained  by  the  use  of  reinforced  rrrrrote. 
Bat  "centering"  is  usually  difficult,  expensive, 
and  sometimes  Impossible,  flelf-suppoirt  dnr* 
ing  erection  is  not  tsarible,  and  lOBf  span 
)ridges  are  onasual. 

i.  Reinforced  concrete  Is  SiZliremely  well 
adapted  to  viaducts,  which  must  resist  vibra- 
tion, be  fireproof,  and  durable.  The  form- 
work  is  comparatively  simple  and  uniform, 
and  therefore  Inexpensive.  The  Blze  of  col- 
umns in  the  substructure  is  Immaterial,  also 
construction  Is  easy  since  It  Is  mostly  executed 
near  the  ground  in  continuous  viaducts.  Of 
course  the  nearer  a  viaduct  tends  to  become 
an  ordinary  bridge,  the  less  do  these  favorable 
conditions  iipplv.  The  above  remarks  apply 
more  especially  to  the  beam  type  ot  viaduct. 

5.  Bxperlenoe  has  shown  reinforced  con- 
crete, for  the  most  part,  to  be  well  adapted  to 
culvert  construction. 

4.  It  Is  mil  adapted  to  conduit  pipes.  The 
form  work  Is  somewhat  dUUeult  but  is  uni- 
form. 

6.  Por  dams  relnforoed  concrete  may  bo 
won  used,  since  durability  Is  kere  of  so  great 

importance. 
9.  The  factory  buUdins  Is  one  of  the  very 

best  applications  of  reinforced  concrete  on  ac- 
count of  the  resistance  to  the  vibration  of  ma- 
chinery.  The  else  of  the  oolumns  here  Is  ot 


no  esipeclal  Importance,  since  factories  may  ho 
built  in  the  outlying  districts  where  land  space 
Is  of  little  account,  also  beauty  of  construction 
is  not  expected  in  factory  buildings. 

7.  Curtain  walls  of  reinforced  concrete  are 
objectionable  on  account  of  permeating  damp* 
ness.  This  may  be  partially  overcome  by  the 
Sylvester  process  which  consists  of  a  coating 
of  soap  ud  alum  solution. 

8.  Probably  the  best  application  of  rein- 
forced concrete  is  in  floor  conatructiou,  es- 
pecially for  factory  buildings  or  warehouses 
on  account  of  minimum  vtbrgtUm  and  great 
strength. 

9.  Finally,  offlee  buildings;  these  must  be 

fireproof,  hence  the  demand  for  reinforced 
concrete,  but  here  the  financial  question  is 
monumental.  In  the  first  place  the  coat  of 
construction  is  of  doubtful  economy.  Secondly 
the  size  of  the  coluoms  necMsltated  by  rein- 
forced concrete  brings  us  back  to  the  original 
condition  which  led  to  the  adoption  of  struc- 
tural steel  in  high  buildings,  viz.,  the  saving  of 
floor  space. 

It  will  be  clear  from  the  foregoing,  I  think, 
that  very  high  buildings  must  needs  be  easen- 
tlslly  of  structural  steel.  However,  with  the 
development  of  the  esthetlcal  capabilities  of 
reinforced  concrete  it  is  quite  within  the  range 
of  praetlcablUty  that  buildings  up  to  8  or  10 
stories  should  bo  erected  entirely  of  reinforced 
conciete.  In  this  connection  the  recent  ia- 
ventlcm  of  a  snow-white  Portland  cement  will 
be  significant. 

In  the  discussion  of  these  few  remarks 
concerning  two  subjects  whiOh  have  In  Jnstlee 
proved  to  be  of  live  issue  among  engineers, 
I  have  endeavored  to  maintain  absolute  impar- 
tiality, as  previously  stated.  I  would  urge 
you  gentlemen  to  consider  the  advisability  of 
acquiring  this  attitude  in  all  references  to  the 
comparative  merits  of  structural  steel  and  re- 
inforced concrete.  There  is,  of  course,  an  in- 
finite amount  to  be  said  on  this  vast  subject, 
but  I  beg  leave  to  oondude  my  limited  remarks 
with  a  brief  recapitulation  of  the  points  set 
forth. 

The  introduction  of  steel  was  a  matter  of 

slow  but  steady  progress  throughout  nearly 
the  entire  nineteenth  century.  The  extreme 
physical  fitness  combined  with  large  construc- 
tive posBlbllltlo.s  and  above  all  the  financial 
success  of  the  material  gradually  established, 
a  foothold  that  will  probably  never  be  shaken. 
But  the  greatest  victory  was  attained  by  the 
tremendous  tide  of  popular  opinion  which 
staked  life  and  reputation  on  the  suppoeedly 
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flre  misting  qualities  of  struetaia)  steel.  Tbfs. 

combined  with  the  otlier  reasons,  of  rourBe, 
raised  ttie  use  of  steel  to  an  altitude  ouly  meas- 
ured hj  the  tallest  akyscniper  in  New  York 
City.  As  previously  shown  tbo  fallacy  of  fhfs 
same  idea  was  the  opening  tlaw  which  permit- 
ted of  the  Inauguratloii  of  the  newer  material, 
reinforced  concrete;  and  this  commodity 
strangely  cnougti  eminently  met  the  require- 
ments ladclng  In  steel. 

h^ro  hc-voyoT,  it  la  of  keen  interest  to 
note  iQat  iho  arguments  advanced  are  reclpro- 
callr  opposite  in  the  cases  at  the  two  respec- 
tive materials  to  which  feature  allusion  has 
already  been  made.  The  "fireproof nesa  '  and 
davabUltr  of  concrete  ia  opposition  to  struc- 
fnrRl  stff^l  is  evinced  by  th*>  liberality  of  tht> 
VKSL*  ot  reinforced  concrete  in  the  rebuilding 
of  San  Francisco,  while  again,  the  construc- 
tional features  are  exccodln^rly  poor,  as  op- 
posed to  tlie  marked  appropriateness  of  steel 
work  in  this  connection.  We  have  then  a  sort 
of  equilibrium  of  forces  acting  for  and  apainst 
the  two  commodities.  In  brief,  the  only  de- 
ficiencies o(  steel  are  orereome  concrete, 

and  vice  versn 

We  can  all  agree,  I  think,  that  the  points  of 
each  material  are  such  that  neither  arguments 
may  be  overlooked.  In  short,  there  Is  a  very 
great  deal  to  be  said  on  both  sides.  It  has 
seemed  to  me  exceedingly  regrettable  that 
there  exlata  at  present  such  Intense  warfare 


between  the  devotees  of  these  two  engineering 

commodities.  The  fight  for  reinforced  con- 
crete has  been  brilliant,  bitter  and  aggressive, 
and  to-txy  It'  remains  on  the  engineering  mar> 
ket  a  commodity  of  undisputed  reputation, 
owing  to  certain  abstract  qualities  such  an 
"flreproofhess"  and  durability,  and  in  spite  of 
certain  drawbacks  which  lend  to  render  It  un- 
practicul.  For  Instance,  very  high  buildings 
and  large  bridges  can  never  be  other  than  es- 
sentially structural  steel. 

On  this  account  I  believe  that  the  regretta- 
ble warfare  will  result  in  a  very  hapnr  cmn- 
blnatton  of  both  reinforced  concrete  and  pure 
structural  steel.  The  dawn  of  this  era  seems 
to  be  at  hand  In  the  new  McQraw  building  ot 
N'ew  York.  Here  the  columns  ioi!sfp«  of  laced 
angles  with  concrete  applied  pnucipally  as  a 
protective  attribute.  In  this,  I  think  we  have 
the  nucleus  of  a  sj-stem  of  constriictlon  which 
will  be  as  near  as  possible  to  absolute  perfec- 
tion in  spite  of  the  Increased  original  cost, 
which  by  the  way,  would  in  the  end  prove 
the  cheapest.  In  this  connection,  floors,  beams, 
aad  perhape  curtain  walls  mlgbt  well  be  pure 
reinforced  concrete  while  roof-trusses,  etc., 
had  better  remain  ol  structural  steel.  This 
combination  system.  It  appears  to  me  will 
eventually  become  universal,  and  might  Justly 
be  calkil  Steel-Concrete  System"  of  construc- 
tion as  a  combination  of  the  two  syMems  now 
distinctly  separate. 


WOOD  DISTILLATION' 

ByVi/.C  GEER 


There  are  two  distinct  processes  for  obtain- 

iiifr  valuable  products  from  wood  by  distilla- 
tion— destructive  dlsttllailon  and  steam  distil- 
lation. In  the  destructive  process  the  wood 
fibre  is  broken  down  and  new  compound:?  are 
formed,  but  in  the  steam  process  this  is  not 
properly  the  case.  In  both  processes  the  vola- 
tile r;ompounds  of  the  wood  are  vaporized. 

In  destructive  distillation  beat  is  applied  be- 
low the  wood-containing  vessel,  which  has  a 
comparatively  •^mall  pipe  as  lis  only  outlet. 
The  heat  vaporizes  the  volatile  compuuudH, 
such  aa  water  and  turpentine,  and  breaks  down 
the  non-volatile  compounds,  such  aa  cellulose 

■rrgm  Pomt  g«rvlee  CIrMiar  U4,  If.  8.  Dipt,  ot 
AgrleuUvre. 


and  the  wood  gums:  U  forma  a  number  of  new 

compounds,  usually  of  a  simpler  chemical  na- 
ture, and  these  in  turn  are  vaporized  with  the 
water  and  turpmitlne,  leaving  a  resMue  of 

charcoal.  The  decomposition  of  the  wood  in 
this  process  Is  exceedingly  complicated  ami  lu 
not  yet  fully  understood. 

In  steam  dlstillntlon,  which  is  much  simpler, 
the  wood  is  chipped  and  placed  in  u  closed 
receptacle  into  which  steam  Is  blown  from  a 
boiler,  and  the  volatile  compotiuds  wliioh  are 
not  chemically  united  with  the  rest  aru  vapor- 
ised and  carried  out  of  the  retort  with  the 
stenm.  Thoufih  in  practice  the  wood  is  often 
so  much  overheated  that  the  wood  fibre  is 
slightly  deeompoaed.  and  though  tt  Is  quite 
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possible  to  carry  the  overheating  so  far  that 
the  process  becomes  oue  of  deslrui-tiVB  dlatil- 
lation,  It  is  nevertheless  true  that  "steam  dis- 
tillation," as  the  term  is  technically  useJ,  siR- 
nlfles  thA  separation  of  volatile  producu  (rom 
wood  with,  at  meet,  but  Uttle  d«ca«apOBltloa  ot 
the  wood  fibre. 

With  both  these  processes  the  vaporized 
compounds,  after  leaving  the  retort,  pMH 
throu'gh  water-cooled  tubes,  where  they  aro 
condensed  into  the  crude  liquors,  which,  after 
refining,  yield  maritetabi     in  lucts. 

Different  woods  give  diHerent  marltetable 
products  after  distillation.  Thus,  the  hard- 
\'.  lis — beocli.  birch  iiud  maple — yield  acetate 
of  lime,  wood  alcohol  and  charcoal,  and  longleaf 
pine  yields  tarpenttne.  tar,  pine  oils  and  char- 
coal. This  difference  in  the  products  is  due  to 
the  fact  that  pine  woods  are  resinous,  while 
hardwoods  are  non-resinous.  Prom  the  point  of 
view  of  products,  therefore,  it  is  nec  essary  to 
distinguish  between  the  kinds  of  wood  used,  as 
well  as  betweeti  the  distillation  processes. 

DESTRUCTIVE   DISTILLATION    OF  HARD- 
WOOD. 

Hardwood  distillation  has  been  an  estab- 
lished ludnstry  In  the  United  States  for  a  nam- 
her  of  years.  The  products  already  meiitloD«d 
are  wood  alcohol,  charcoal  and  acetate  of  lime, 
each  of  which  has  Important  uses.  The  plants 
nre  located  In  the  northern  part  of  the  United 
States,  where,  except  for  the  Appalachian 
hardwood  belt«  the  hardwoods  are  most  com- 
mon. 

The  woods  used  are  largely  biM'c  h,  tiirch  and 
maple,  with  the  last  preferred.  The,  wood  is 
«ut  Into  oordwood  lengths  and  allowed  to  sea- 
son for  a  year.  Aicording:  to  the  best  Infor- 
mation, the  amount  of  the  products  obtained 
Itom  green  wood  and  from  ordinary  dry  wood 
Is  not  different,  cord  for  cord,  Init  the  higher 
water  content  of  green  wood  dilutes  the  distil- 
late and  necessitates  more  fnel  for  the  car^ 
bonlz.atfon.  Excessive  sensonirig  will  <ioijbt- 
less  reduce  the  yield  of  valuable  constituents. 
Body  wood  Is  better  than  slab  wood.  Very 
small  wood,  such  a.s  thin  edgings,  carbonizes 
80  rapidly  that  it  must  be  mixed  with  larger 
pieces.  The  problem  of  the  deMractlve  distil* 
lation  of  sawduat  hM  not  yet  been  aatiBfae- 
torily  solved. 

Apparatus.~Wood  Is  heated  or  carbonised 
In  three  forms  of  apparatus:  (a)  In  brlA 
iKiias,  (b)  in  retorts,  (c)  in  ovens. 

The  dmrring  of  wood  la  a  process  an  old 
«a  dTtllzhtlon.    In  the  early  days  the  wood 


l6t 

was  charred  under  sud  in  the  old  charcoal 
kiln,  which  hab  been  a  faniiliar  sight  over  a 
good  part  of  the  world.  The  modem  diarcoal 
iclln  is  so  made  that  valuable  vapors  are  con- 
densed from  the  smoke,  which  in  the  old- 
fashioned  kiln  eooaped  Into  tho  air  and  wen 
wasted.  Kilns  are  now  mainly  iised  to  pro- 
duce charcoal  for  blast  furnaces  for  pig  Iron. 
They  are  made  of  brick,  with  a  circular  base, 
and  divided  approximately  into  two  semi- 
circular sections.  They  hold  each  about  50 
cords,  and  are  Charged  and  <ii  charged  bgr 
hand.  The  vapors  are  carried  off  into  con- 
densers, where  the  condensible  ones  are  lique- 
fied. 

The  name  "retort"  la  given  to  a  small  form 
of  cylindrical  ressel.  holding  about  three- 
fourths  of  a  cord.  The  retorts  are  set  horl- 
aontaliy  in  brickwork,  in  pairs,  each  pair  form> 
Ing  a  "battery."  and  heated  from  beneath. 
They  are  filled  and  discharged  from  a  single 
door  in  front,  which  can  be  tightly  taatened. 
The  top  of  the  battery  is  often  tiled  and  servos 
as  a  drying  floor  for  acetate  of  lime.  The  con- 
densers are  of  copper,  and  are  cooled  by  water. 
A  "run."  from  charging  to  recharging,  taken 
twenty-four  hours. 

The  invention  of  the  "oven"  form  of  car- 
bonizing vessel  marked  a  dintlnet  forward  step 
in  wood  distillation.  Oven  kilns  are  made 
large  enough  to  hold  fr<Hn  two  to  four  cars, 
which  are  run  in  on  tracln,  each  loaded  with 
about  2  cords  of  wood.  They  arc  usuallv 
fired  separately,  and  the  vapors  pass  over  into 
the  condensers,  either  nt  the  tMm  or  at  tho 
end.  In  other  respects  they  reaenble  tho 
"retOTta." 

Products. — Four  crude  products  are  ob> 

talned  from  each  of  these  forms  of  carbonizing 
closed  in  large  coolers^  which  are  similar  in 
Tessel;  (2)  a  non-«ondenslble  gas,  which  In 
carried  off  by  suitable  pipes:  (3)  an  aqueous 
liquor  known  as  "pyroligncous  acid";  and  (4) 
wood  tar,  which  Is  condensed  with  the  pyro- 
1  igneous  acid. 

The  charcoal  .is  cooled  differently  in  the 
case  of  eadt  distilling  vessel,  though  In  all 
cases  it  is  cooled  for  forty-eight  hours.  With 
kilns,  it  <s  allowed  to  cool  before  being  re- 
moved; with  the  retorts.  It  Is  shoveled  Into 
drums  or  cans  and  sealed  from  the  air;  and 
with  the  ovens,  the  loaded  cars  are  run  out  and 
closed  in  large  coolers,  whldi  are  similar  In 
form  to  the  ovens. 

The  gas  from  the  kilns  is  piped  back  Into  the 
kiln  fufhaoes,  where  It  Mrves  to  earbonlnn 
tho  wood.  The  gna  from  retorts  and  ovens 
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to  bnrned  under  the  bollera  or  under  the  re- 
torts. 

The  pyrollgneouB  add  and  the  tar  ran  off 
tosether  from  the  condensers  Into  vats,  where 
the  tar  settles.  The  pyroligueous  acid  is  red- 
dish-browD  In  color  and  has  a  stroiiK.  charac* 
terlatlc  burnt-wood  odor.  The  tar,  when  in 
thin  layers,  is  dark  brown  ia  coior,  aud  Ixas  a 
bad  odor.  These  two  liquid  products  are  re- 
fined by  procewes  which  in  geueral  are  the 
•ame  for  each  of  the  three  iorius  ut  carbon- 
izing appuratus.  The  prooesa^  differ  aome- 
what,  however,  at  the  different  plants. 

Dlaaolved  in  the  tar  are  some  of  tlie  valuable 
compounds  of  the  pyrollKueous  acid,  while 
dlaaolTed  In  the  pyroilgneous  acid  are  some 
tarry  bodea.  Both  liquids  are  distilled  iu  order 
to  concentrate  the  valuable  substances,  which 
are  chiefly  acetic  acid  and  methyl,  or  wood, 
alcohol.  The  concentrated  liquid  contalnJuy 
the  acetic  acid  and  methyl  alcohol  is  neutral- 
ised with  lime  and  distilled  from  a  "lime-lee" 
Still,  giving.  (1)  a  residue  which,  upon  evap- 
oration, yields  gray  acetate  of  lime,  and  (2) 
a  distUlate  which,  upon  refining  yields  the 
'various  grades  of  wood  alcohol. 

Some  plants  obtain  a  crude,  brown,  evll- 
smelUng  wood  alcohol,  ot  S2Vc  strength,  which 
la  sent  to  a  refinery  for  further  treatment: 
others  obtain  a  95  to  99%  product  without 
ooior  or  unpleasant  odor.  Wood  alcohol  la  ill- 
smellfQg  only  when  Impure  as  a  result  of  In- 
complete  refining. 

Oven  and  retort  plants  which  produce  alco- 
hol no  purer  than  S2%  secure  about  the  fol> 
lowing  average  yields  from  wood  distillation 
per  cord  of  wood: 

Ciiarcoal   45  to  52  bu. 

Oray  acetate  of  Umo  180  to  226  lbs. 

Wood  alcohol.  S2%..  8  to  10  gats. 

The  lack  of  chfiiii<;i!  supervision  at  tho 
works  makes  siatemeuta  of  yield  a  little  con- 
fusing, since  wood  alcohol  and  acetato  of  lime 
arc  variable  In  Quality,  and  tho  number  of 
gallons  and  pounds  may  therefore  actually  rep- 
resent products  of  quite  different  composltloa. 

Klin  plants  obtain  About  the  following  yield 
per  cord  of  wood: 

Chsrcoal  <8  to  62  bo. 

Acetate  of  lime  00  to  150  lbs. 

Wood  alcohol,  S2'.o  4  to  6  gals. 

Use  of  Products. — These  compounds  liave  a 
variety  of  uses,  which  may  be  briefly  men- 
tioned. Charcoal  Is  usi  1  in  blast  furu:u>-H  fur 
the  production  of  pig  iron,  in  copper  and  sugar 
refineries.  In  the  production  of  gunpowder,  tor 


fuel,  etc.  Wood  alcohol  is  sold  under  a  va- 
riety of  trade  names,  such  as  "Columbian 
spirit"  and  "colonial  spirit."  It  is  most  widely 
used  as  a  solvent  In  the  production  of  shellacs 
and  varnishes.  It  is  also  used  in  hatmaking. 
In  perfumery.  In  the  coal-tar  dye  Industry,  in 
manufactnre  of  formaldohyde,  and  for  mixing 
with  grain  alcohol  to  produce  "denatured"  or 
"Industrial"  alcohol.  The  aoetate  of  lime  la 
a  gray,  flnelj'  crystalMnc  body,  which  is  used 
in  the  manufacture  of  wood  vinegar,  acetic 
add.  many  commercial  acetates,  aeetle  ether, 
acetone  and  other  prodncts?.  (From  the  aee« 
tone  may  be  produced  iodoform  and  chloro- 
form.) 

A  number  of  receipts  for  the  preparation  of 
denatured  alcohol  have  been  recently  author- 
ised by  Congress  and  establldied  by  the  Com^ 
missioner  of  Internal  Revenue,  so  that  de- 
natured alcohol,  with  its  due  admixture  of 
wood  alcohol,  la  now  n  market  article.  The 
wood  distillation  plants  now  In  existence  in 
the  United  States  are  able  to  produce  probably 
30,000,000  gals,  of  wood  alcohol  annually. 

Denatured  alcohol  !s  now  a  competitor  of 
wood  alcohol.  At  present  the  producers  and 
refiners  of  wood  atoohol  are  In  snqMnse  as 

r<''^'nrdR  the  extent  of  the  ronsnmptlon  Of  the 

product  for  denaturing  purposes. 

ST£AM  DISTILLATION  OF  HARDWOOD, 
fleveral  species  of  hardwood  are  distilled 

by  steam  In  order  to  obtain  val\iable  etscntlal 

oils.  Sweet  birch,  for  example,  yields  "oil  of 
wlntei^reen,"  an  oil  used  In  medicinal  prepa- 
rations!. No  thorough  study  lias  yet  lioen  made 
of  this  division  o(  the  subject,  but  it  is  known 
that  a  small  Industry  Is  supported. 

DESTRUCTIVE  DISTILLATION  OP  TBLLOW 

PINE. 

The  destructive  distillation  of  yellow  pine  is 
carried  on  In  the  Southern  States,  where  tho 

distillation  plants  are  so  widely  scattered  that 
a  statement  of  the  location  by  States  would 
mean  but  little. 

The  wood  seuerally  u.sed  is  that  of  longleaf 
pine,  from  which  turpentine  and  rosin  are 
mainly  obtained.  At  some  plants,  however, 
longleaf  pio-,  s-hortlruf  pine,  Cuban  pine  and 
others  are  indiscriminately  used,  but  for  the 
best  results  longleaf  and  Cuban  pines  are  so< 
lected.  The  most  valuaiile  material  is  wood 
rich  in  resinous  contents,  or  "tat,"  iu  which 
llghtwood  and  stumps  rank  first,  wood  Imme- 
diately under  tlie  "box  faces"  next,  and  Flabg 
and  other  mill  refuse  last.  Pine  sawdust  is 
not  used  for  destructive  distillation. 
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Appamtus. — ^Iron  or  steel  retorts  are  used,  dlstltlsttoii.  It  yields  for  market  a  nearly  colors 

Tarying  In  capacity  from  1  to  -1  cords.    They  loss  turpentine  ■which  has  a  distinctive  odor, 

are  eiUier  vertical  or  borlzoataL.   The  vertical  The  tar  is  sometlmea  refined  far  enough  to 

retorts  hare  their  Ions  axis  upright,  and  are  produce  a  good  quality  of  retort  tar  and  to 

set  singly  in  brickwork  with  suitable  flues,  yield  oils  which,   with   the  heavy  dirtillatee 

usually  with  the  openings  for  charging  and  from  the  crude  turpentine,  make  dislnfectanta, 

dlsdtarglng  at  the  top  and  bottom.   The  lire-  wood  creoeoto.  and  a  number  of  market  ar- 

hox  below  Is  at  ono  side,  so  that  the  heat  goes  tides. 

around  the  outside  of  the  retort  itself.    Few  The  refining  processes,  which  are  largely 

of  these  retorts  are  now  In  use.  secret  are  not  the  same  at  all  plants,  while 

The  horizontal  retorts  are  Similar  to  those  the  products  sold  are  far  from  uniform, 

used  in  hardwood  distillation.    Though  they  Since  few  plants  operate  under  the  same 

differ  as  to  form,  all  are  cylindrical  steel  tos-  conditions,  and  since  a  number  of  products 

sels  set  In  batteries  In  brickwork,  aud  are  may  bo  obtained  from  the  tar  and  cru"de  tiir- 

charged  and  discharged  through  doors  at  one  pentine,  it  is  difficult  to  estimate  the  amount 

or  both  ends.  The  gases  escape  through  pipes  of  products  obtained  flpom  yellow  pine.  More- 

to  copper  condcnsors.    The  fire-box  la  some-  over,  the  wood  itself  varies  widely  in  resln- 

tUnes  constructed  to  Are  two  retorts  at  a  time,  ous  content.    Heavy,  rich  "llghtwood"  con> 

thongA  usually  but  one.  tains  the  largest  quantities  of  turpentine  and 

Pro  irj  ta. — Though  there  are  a  number  of  other  oils,  whereas  other  kinds  of  "llghtwood" 

methods  which  differ  somewhat  in  results,  the  may  yield  but  little.  Sapwood  yields  the  least. 

llTe  products  usually  obtained  are:  (1)  Char-  The  following  table  shows  ss  noarty  as  praetl- 

coal;  (2)  a  non-condenslble  gas;  (3)  i:^:ht  oiia,  cable  the  ordinary  yields  per  cord  of  wood 

which  are  often-  taken  In  two  fractiouB,  one  of  obtained  In  practice  by  the  destructive  process: 

which  Is  a  crude  turpenUne:  (4)  tar.  and  (5)    ^^^^^^  turpentine    7  to  12  gals. 

pyrolifineous  acid.    At  some  pkmts  the  light    Total  oils.  Including  tar  60  to  75  gala 

oil  vapor,  which  volatilizes  easily,  is  led  olt  rj>^^  40 

into  condensers  with  the  gas  and  pyrollgneous  Charcoal  '.  *  * 25  to  35  bu-. ' 
acid,  while  the  tar,  which  1.?  heavier,  Is  drawn 

olt  at  the  bottom;  at  others,  the  entire  volatile  Uses  of  Products. — The  turpentine  Is  used 

product  Is  drhren  off  through  a  pipe  at  the  top.  as  a  second  grade,  inferior  to  gum  turpentlno. 

and,  after  passini?  through  (ho  condenser.  Is  There  are  no  recognized  grades  of  destruc- 

separated  into  the  crude  turpentine  and  tar  lively  distilled  turpentine  and  the  compos!- 

fractions.  tlon  of  the  turpentine  from  different  plants 

There  la  no  more  uniformity  In  heating  Is  not  uniform.  Formerly  It  was  poorly  re- 
methods  than  in  the  form  of  the  retorts.  The  fined;  it  is  now  made  practically  colorless.  In 
TUB  ta  thlrty-slx  or  forty^elght  hours,  or  longer,  the  refining,  certain  heayy  oils  are  obtained. 

Charcoal  which  l.s  to  be  sold  Is  cooled  in  the  which,  when  combined  with  similar  heavy  oils 

retort,  and  that  which  is  to  be  ueed  for  fuel  from  the  tar.  are  made  into  "pine  oils."  used 

is  drawn  hot  and  sprayed  with  water  to  pre*  aa  disinfectants,  paint  dryers,  wood  preserra* 

vent  fire.    The  gas  Is  allowed  to  run  to  waste  tlves,  etc.  One  of  the  uses  for  the  tar  is  cable 

or  is  burned  under  the  retorts  and  boilers.  coating.     The  uses  of  the  acetate  of  lime. 

The  pyrollgneous  acid  from  hardwoods  con-  In  thin  case  "brown  acetate,*'  have  already 

tains  the  most  valuable  products,  hut  that  from  been  mentioned.     The  charcoal  Js  burned  at 

pine,  which  has  a  strong  odor  and  a  reddish-  the  plant  or  sold  for  fuel.    The  pyrollgneous 

brown  color.  Is  of  sudi  different  composition  add  in  Its  crude  form  Is  occasionally  sold, 

that  vrry  little  l5?  done  with  It.     The  yield  although  most  of  It  goes  to  waste, 

from  a  cord  of  pine  wood  is,  according  to  the  Several  causes  have  led  to  many  failurea 

most  widely  accepted  ffgures,  not  more  than  among  plants  of  this  kind.   Ono  of  these  was 

3  gals,  of  82?t  wood  alcohol  and  about  70  lbs.  bud  management.     Men  engaged  in  the  busi* 

of  brown  acetate  of  lime.    The  extraction  of  ness,  without  training  or  a  knowledge  of  the 

wood  alcohol  from  pine  wood  Is  not  at  present  market,  expected  an  Immediate  demand  for 

on  a  commercial  basts,  and  at  the  mnjority  of  the  products.    Another  cause  wns  the  use  of 

plants  the  pyrollgneous  acid  runs  to  waste.  inferior  retorts,  which  in  many  cases  were 

The  crude  turpsutlno  te  a  dark  red  oil  with  made  of  thin  steel  and  so  were  quickly  burned 

the  bad  odor  associated  with  products  of  de-  out.    A  third' was  lack  of  perseverance  when 

structive  distillation.    After  proper  fractional  difficulties  arose. 
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8TBAM  DISTILLATION  OF  TBLLOW  PINS. 

TtM  plants  which  distil  wood  by  the  steam 
method  are  located  in  the  yellow  pine  belt. 
In  general,  the  'wood  is  the  gaaie  as  that  used 
(or  the  destructive  distillation  of  yellow  pine, 
but  is  separated  into  classes.  Steam  plants 
use  the  richest  wood  that  can  be  secured, 
since  turpentine  is  the  only  valuable  product, 
although  the  wood  after  extraction  is  used 
for  fuel.  The  wood  la  divided  Into  three 
elMHp:  (1)  Th»  rinh  "lightwood,"  of  which 
•eTeral  grades  are  used;  (2)  stumps,  which 
are  also  rich  In  turpentine;  and  (3)  sawmill 
waste,  which  includes  sawdust,  butt  cuts,  and 
•labs.  All  wood  must  be  "hogged"  into  chips 
before  it  ia  placed  in  the  retorts. 

Anwratna. — Both  vertical  and  horlsontat 

retorts  are  successfully  used,  Rut  the  wood 
is  treated  by  two  different  methods,  one  us- 
rnir  svperliMtad  staam  nndar  low  ptaaanra  and 
the  other  aatnratad  atoam  under  hlchar  praa- 
sure. 

With  amierheatea  steam  a  VMtleal  retort  la 

used,  and  the  steam,  before  entering  the  retort, 
passes  through  a  superheater,  which  raises  it^ 
tamperatnre  high  emovi'h  to  readily  Tolatlllse 
the  turpentine.  From  the  condenaera  the  dta- 
tlllates  run  into  a  separator. 

For  saturated  steam  aeTorat  aorta  of  retorta 
are  used,  and  the  steam  enters  them  directly 
from  the  boiler.  There  are  a  number  of 
patentod  derlcee,  the  most  important  diftcr- 
ences  in  which  have  to  do  with  'notlioda  of 
charging  and  discharging.  The  lundamental 
Idea,  howiBTar,  la  to  maintain  a  aoiBelent  pres- 
sure of  steam,  throuphont  the  run,  to  fai-lll- 
tate  rapid  extractions.  A  separaiur  is  uH«^d, 
aa  with  auparhaated  steam. 

Products.-  The  produttH  of  both  processes 
are  crude  turpentine  and  water,  in  a  separa- 
tor tank,  and  chiiw  left  in  the  retort  The 
turpentine,  which  is  lighter  tliaii  water,  floats 
on  the  surface  and  is  easily  drawn  off,  ready 
for  reflnlnK.  The  elilpa,  after  drying  a  sihort 
time  in  the  air,  are  suitable  for  fuel. 

In  order  to  obtain  a  market  grade  of  tur- 
pentine, the  crude  product  should  be  refined 
by  distillation  with  steam  In  a  rnpprr  f5till.  Aa 
it  comes  from  the  retort  Its  color  is  slightly 
yellow. 

There  is  the  same  variety  in  rapthods  used 
as  in  other  kinds  of  wood  distillation,  and 
consequently  the  same  lack  of  uniformity  in 
the  produetg.  Much  remains  to  be  learned 
as  to  the  best  method  of  refining  turpentine  so 
as  regularly  to  secure  the  best  grades. 


The  amount  of  turpentine  obtained  from 
Steam  distillation  varies  widely.  The  wood 
Itself  varies  greatly  in  richness.  A  conserra* 
fUe  averaKe  per  eord  is  given  in  the  follow- 
ing table  (the  difference  between  stumps  and 
"lightwood"  la  slight  enough  to  bo  dlsro^ 
garded) : 

LIkIi'  wood : 

Reflued  turpentine   10  to  16  gals. 

Heary  oiis   1  to   S  gals. 

Sawdust; 

Refined  turpentine   2  to    4  gals. 

Heavy  oils   %  gal. 

The  reflned  turpentine  Is  of  reasonably  uni- 
form quality.  Is  nearly  eolorlpss,  has  an  agr^'e- 
able  odor,  and  has  a  fair  market  at  a  price 
aunewhat  below  the  market  price  for  gnm 
airirltt  of  turpentine. 

COMPARISON  OF  MBTHODS. 

Comparing  the  steam  methods  with  the  de- 
structive methods,  although  there  is  room  for 
difference  of  opinion.  It  would  seem  that  the 
steam  distillation  is  open  to  the  wider  develop- 
ment. Tlie  snocesstul  deetructlve  distillation 
plants  are  those  which  are  run  by  men  who 
have  remained  in  business  long  enough  to 
establish  their  processes  and  methods  and  the 
markets  for  their  products.  Turpentine,  the 
leading  product,  is  prol)ably  produced  leas  ex- 
pensively by  the  steam  method,  and  the  steam 
apparatOa  necssaary  to  handle  a  given  auantity 
of  wood  per  day,  say  BO  oorda.  Is  easier  to 
operate. 

There  have  been  fewer  foilurea  In  stesm  dis- 

tlllntlon  than  In  destructive  distillation,  per- 
haps because  it  is  of  more  recent  development, 
and  because  those  promoting  the  entennrlses 
have  been  able  to  profit  by  the  mistakes  of  their 
predecessors.  Yet  many  operators  luive  tailed, 
mainly  because  they  had  not  fbmtllarited  them- 
selves with  the  fundamental  principlea  con- 
trolling the  successful  construction  and  opera- 
tion of  a  plant. 

The  figures  ^iven  above  are  not  Intended 
to  compare  yields  by  destructive  and  steam 
distillation  from  the  same  grade  of  wood,  but 
dimply  the  yields  obtained  by  the  two  methods 
under  actual  conditions,  where,  in  point  of 
fact,  very  dtlferent  grades  of  wood  are  used. 

There  is  but  scanty  published  information 
on  the  properties  of  the  turpentines  produced 
by  these  two  processes  in  America,  or  on  thatr 
actual  value  In  the  paint  and  varnish  business. 
Up  to  the  present  these  turpentlDes  are  merely 
competitors  of  "gum  spirits." 


THE  PROTECTION  OF  BUILDINGS  FROM 

UGHTNING* 

By  ALFRED  HANDS.  P.  R.  Met.  S. 


Tbe  Science  of  Lightaing  Protection. — Tim 
■dence  of  protection  from  lightning  to  not  nn 
easy  one,  but  why  is  it  difllcult?  We  know 
tliat,  .ln  acoordanee  wlUi  electrical  law,  a  die- 
Obarge  will  take  the  path  of  low  realataa«e  in 
preference  to  that  with  a  high  one.  If  wc 
took  a  piece  of  stone  and  placed  a  line  of 
metal  along  it  from  end  to  end,  except  for  ■ 
break  in  the  center,  and  tben  subjected  it  to 
a  discharge  from  an  electrical  machine;  or,  If 
we  had  a  real  obelisk  composed  only  of  the 
■atta  matarlal*  and  fitted  it  with  metal  in  the 
same  way,  and  it  was  struck  by  lightning,  the 
spark  would  pass  along  the  metal.  If  dam- 
ago  ooeitrnd  it  would  only  be  at  the  gap;  the 
discbarge  would  not  go  through  the  masonry 
in  preference  to  the  metal.  The  experiment 
might  be  repeated  any  number  of  tlswa.  either 
with  the  model  in  the  laboratory  or  with  a 
real  obelisk  and  nature,  and  the  result  would 
be  the  fame. 

If  we  compleled  the  line  of  metal  so  as  to 
form  a  continuous  conductor,  the  obelisk 
would  be  protected.  Blectrlcally  bad  joints 
and  a  bad  earth  connection  would  not  force 
the  discharge  to  go  through  the  masoury. 
Bad  Joints  would  only  cause  injury  to  the 
conductor,  and  a  bad  '  earth"  would  probably 
retiult.  in  a  barrow  load  or  so  of  uoil  being 
blown  up.  The  concuMlon  due  to  the  ex- 
plosive force  that  blew  up  the  ground  might 
possibly  crack  the  masonry  slightly  on  the 
Mffhee,  but  this  would  be  the  worst  that  would 
happen.  Bi;t  if  tho  oh"lif*k,  in  place  of  being 
Holld  masonry,  was  built  hollow,  with  stone 
steps  in  the  interior,  and  with  a  gaa>plpe  car- 
ried up  inside  to  afford  light  at  intervals,  the 
problem  would  be  an  entirely  different  one. 
There  would  be  a  rival  conductor  in  the  In- 
terior— an  alternative  path  of  metal — with  a 
perfect  earth  connection,  because  the  ramifica- 
tloaa  of  the  gai-maln  underground  would  af- 
ford only  a  nominal  resistance  to  earth.  There- 
fore, if  the  intended  conductor  had  a  high  re- 
•Istance,  the  bulk  of  the  dlacharge  would 
■park  throngh  the  wall  and  pan  to  earth  by 


•From  a  l«ciure  dctlvsKd  at  the  Setaoel  af  Itllltsry  la- 
ClDe*rtus,  Chsttuun. 


the  gas  system.  The  earth  resistance  of  a 
gas-mahi  Is  a  mere  fraction  of  an  ohm,  and  It 

18  practically  impoHsible  to  get  an  appreciably 
lower  one  for  the  conductor;  so,  even  if  we 
gave  the  latter  what  la  ealled  a  "good  earth," 
there  would  still  be  the  rival  in  the  interior 
and  the  danger  of  diviaiou  of  the  diacharge  be- 
tween the  two  paths  of  metal,  for  a  thUkneea 

of  a  foot  or  two  of  masonry  is  poor  insulation 

to  withstand  the  voltage  of  a  lightning  flash. 
For  eflleleney  It  would  not  only  be  neeenary  to 
have  a  conductor  Vith  a  minimum  resistance, 
but  it  should  be  flxed  on  the  oppoalte  aide  of 
the  structure  to  the  gas-pipe,  so  that  there 
would  be  a  sufficiently  thick  buffer  of  insulat- 
ing material  between  them  and  the  dlacharge 
would  not  be  able  to  spark  through.  I  eon- 
sider  the  safe  distance  for  masonry  or  briok- 
work  to  be  a  little  over  4  ft.;  less  than  this  is 
risky,  because  the  question  of  sj^rking 
through  the  wall  would  depend  on  the  relative 
thickness  of  the  masonry  and  the  power  of  the 
flash. 

The  obelisk  is  the  simplest  possible  case. 
If  all  buildings  were  as  simple  as  this,  pro> 
tection  from  lightning  would  be  so  rldicul-' 
ously  easy  that  a  council  schoolboy  could,  by 
means  of  a  few  set  rules,  learn  to  protect  them 
efficiently.  The  problem  one  is  sometimes 
confronted  with  is  more  like  this;  metal  cowls 
on  chimneys;  lead-covered  ridKes  and  flash- 
ings; metal  girders,  stoves,  aud  cauements; 
rain-water  gutters  and  pipes,  gas  and  water 
service  pipes,  etc. — altogether  affording  a 
problem  that  would  require  very  careful  study- 
Ing. 

A  very  common  case  Is  that  of  a  short  eleva- 
tion rod  flxed  on  a  chimney,  and  near  it  a 
much  higher  mass  of  metal  in  the  form  of  a 
rnwl.  The  discharge  passed  through  the  cowl, 
and  shattered  the  corner  of  the  stack  in  pass- 
ing to  the.oonduetor.  Here  the  eleratlon  rod 
should  ite  fixed  on  the  rowi,  or  else  a  connec- 
tion of  metal  should  be  made  from  the  cowl 
to  the  conductor. 

Some  Results  Due  to  the  Surging  Effect  of  a 
Discbarge. — Electricity — or,  perl^ps,  1  should; 
My,  the  movement  In  the  ether  that  causer 
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«l«cUrlc&l  eC«cUi — bas  properties  Uuit  corre- 
spond to  inertta  and  momentum  In  matter 

and  in  scientiQc  terms  ihcy  aro  culkd  clcclro- 
masnetlc  Inertia  and  olectroklnetlc  mo- 
mentvm.   We  bavs  to  rememlier  tkat  wlieii 

a  conducting  system  receives  a  discharge,  It 
Is  momentarily  cliarged  because  of  inertia 
having  to  be  overcome,  and  Uio  ^oofuequent 

sudden  rise  and  fali  Ot  potential  does  not  leave 
outlying  parts  of  tbe  system  at  a  normal  level. 
There  Is  an  alternate  rise  sad  fall  like  th< 
water  in  a,  bath  that  bM  heen  tipped  up  sud- 
denly at  one  end.  Although  the  effect  is  all 
over  in  a  fraction  of  a  second,  damage  might 
occur  whleh»  although  slight  in  itself,  might 
have  serious  results,  so  precautions  should 
be  taken  to  guard  against  it.  Although  water 
Is  not  a  good  analogy,  it  is  the  best  I  can  think 
of  to  bring  ttie  action  to  mind.  Imagine  a 
system  of  canals.  Suppose  a  main  canal,  open 
to  the  sea,  and  equivalent  to  a  conductor  with 
a  good  earth  connection.  To  right  and  left 
suppose  two  branch  canals,  equal  to  branch 
lines  of  metal  from  the  conductor,  the  former 
having  only  a  very  woak  wall  dividing  it  from 
a  pool  of  water,  while  all  the  other  banks  arc 
•ttfllcientiy  high  and  strong  to  resist  pressure 
due  to  the  rise  and  fall  of  the  water-level. 
The  pool  represents  a  piece  of  metal  near  the 
far  Mtd  of  the  branch  conductor  and  not  con- 
nected to  it.  If  tbt'  It  vol  of  ihe  water  in  the 
main  c-uual  were  bUiidt)ul>  raised  enormously, 
there  irould  be  a  rush  along  the  canal  due  to 
the  passage  of  the  extra  Tieud  of  water  to  the 
6oa,  but  tbo  water  in  llie  bnnu  h  canals  would 
not  remain  at  normal  sea-b  ^oi;  there  would 
bp  n  ??'trr1ni:  '  ffeet  along  them.  In  the  left- 
hand  canal  liic-ro  would  be  no  effect  beyond 
the  rise  and  fall  of  water;  but  with  the  right- 
hand  otic,  the  dividinr  %v;in.  IriAwA  very  weak, 
might  be  broken  dow  u.  i  he  sueugth  oL  the 
wall  represents  the  Insulating  strength — or,  in 
otlier  words,  the  distance—  between  the  branch 
conductor  and  the  adjacent  metal,  and  would 
determine  whether  a  breakdown,  or  spark,  oo* 
currt'd  between  the  two. 

We  next  come  to  eftetts  that  are  by  no 
means  uncommon,  but  have  hitherto  been  mls- 
reprcsintcd  owinp  to  their  not  ha\lng  beon 
understood;  cases  in  which  objectii  arc  struck 
by  lightning  and  elfects  occur  at  some  distance 
away,  l^or  instanr-,  a  rhurrh  spire  might  be 
struck,  with  or  without  a  conductor  upon  it, 
and  persons  In  a  neliAiborlng  house,  who  hap- 
pened to  have  metals  In  their  hands  at  the 
time,  might  receive  slight  shocks  that  would, 
perhaps.  Appear  severe  because  they  were  un- 


expected. A  man  walking  with  a  gun  oa  his 
•boulder  near  a  tree  when  it  was  struck  would 

get  a  shock,  aud  say  he  had  been  struck,  too. 
Workmen  handling  metal  tools  are  especially 
liable  to  thsN  effects  when  near  lightning- 
struck  spots.  I  r<'iL;ard  these  effects  due  to  a 
surging  or  wave  effect,  somewhat  similar  to 
what  I  have  been  describing,  but  with  the 
cirth  as  the  conductor  between  in  place  of  a 
line  of  metaL  It  i»  often  thought  that  when 
a  lightning  flash  reachee  the  earth — to  put 
it  In  popular  language — the  effect  is  all  over; 
but  we  must  bear  in  mind  that  generally  be- 
fore a  discharge  occurs  the  potential  of  a  lo- 
cality is  raised — or  lowered  as  the  case  may 
be— enormously,  and  this  altered  potential 
does  not  necessarily  return  to  the  normal  agala 
without  effect.  Taking  a  water  analogy  again, 
1  would  liken  it  to  a  waterspout  forming  on 
the  surface  of  a  lake  and  then  suddenly  col- 
lapsing. The  effect  would  not  be  over  the 
moment  the  «>lumn  of  water  struck  the  sur- 
face, there  would  be  a  surging  or  wave  effect 
that  might  loosen  the  banks  at  some  distance 
away  where  they  happened  to  be  weak.  So 
with  a  lightning  discbarge  we  may  imagine 
(he  sudden  rise  and  fall  of  potential  as  set- 
ting electrical  waves  flying  through  the  earth; 
where  metals  were  so  placed  as  to  give  rise 
to  a  difference  of  potential  of  sulhcient  magni- 
tude, there  the  effects  w^ould  be  felt  as  sliocUs 
by  persons  in  tbo  position  of  links  between 
those  metals  and  the  c.d-th,  or  the  effects 
would  appear  as  snnrks  wUctp  two  nioinls  wer« 
so  placed  as  to  be  ju.^t  In  llie  right  way  to 
catch  these  waves.  This  is  how  the  matter 
presents  it^^olf  to  my  mind,  and  I  have  found 
it  explain  uiauy  iucideuls  that  bad  appeared 
mysterious  and  that  could  have  been  foreseen 
under  this  aspect  of  the  matter,  and,  it  appears 
to  me,  under  Ihib  aspect  only.  The  greatest 
distance  to  which  I  have  so  far  been  able  to 
trace  effects  of  this  kind  has  bf>pn  nbnut  hnlf 
a  mile,  but  possibly,  if  the  disdiurge  were  ex- 
ceptionally severe  or  the  conditions  unnaualty 
favoraMo,  effects  might  be  traced  even  further. 

I  was  at  HeatbGeld  Station,  in  Sussex,  one 
day,  when  I  noticed  marks  of  burning  and  'a 
combination  of  metals  that  led  mo  to  thfnk  I 
had  accidentally  come  across  an  interesting 
case,  and.  having  time  to  spare,  I  eiamlned 
the  buildings  carefully.  TJie  railway  line  here 
is  in  a  cutting,  over  which  there  is  a  road 
bridge.  Above  the  platform  on  one  aide  of 
the  ?*nf1on  is  tlio  hooklnn  of!«ro,  abutting  on  to 
and  level  with  the  road.  I'Yom  one  end  of  the 
booking  offloe  a  foot  bridge,  rooCed  Fith  oorm« 
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gated  Iron,  leads  across  Iho  Hnc  to  give  access 
to  the  other  platform.  From  a  gas-ioain 
•long  the  rOBd  a  pipe  raits  tttto  tb«  foot  brtdfs 
just  outside  the  booking  ofSce,  and  rises  up  to 
a  gas  jet  not  far  below  the  roof  of  the  foot 
bridse.  Some  ttflegraph  wires  terminate  In 
shackles  on  tho  wall  of  the  booking  office 
above  the  foot  bridge,  and  from  these  shackles 
lamlaled  wires  wwe  carried  Into  the  booklns 
office,  passing  on  their  way  down  the  roof  of 
the  foot  bridge  and  within  about  an  inch  of 
tiie  gBs>plpe,  thus  forming  a  eonneetlng  link 
botweea  the  Iron  pipe  and  the  iron  roof.  The 
rubber  covering  of  these  wires  had  been  ig- 
nited just  by  the  gaa-plpe,  and  the  small  fire 

Octasioued  had  scorched  some  adjoining  wood- 
work. I  came  to  the  conclusion  that  lightning 
had  not  struck  the  station,  although  Inquiries 
♦Jllclted  the  fact  that  the  fire  had  occurred 
daring  a  thunderstorm.  A  signalman  walking 
along  the  line  towards  tiie  station  said  he  did 
not  see  tho  lightning  strike  there,  altliough  ho 
was  looking  that  way  and  saw  the  fire  occur. 
I  Indicated  two  directions.  In  one  of  which  I 

thought  it  probable  that  some  object  witliiu 

about  half  a  mile  bad  been  struck  at  the  time 
of  the  occurrence;  and  I  was  told  that  a  house 

just  about  half  a  mile  away  and  In  one  of  tlie 
two  directions  I  had  indicated,  had  been 
struck,  and.  It  was  believed,  at  predeely  the 
earae  time.  What  no  doubt  happened  was 
this:  When  the  lightning  struck  the  house 
the  dlsdiarge  passed  away  In  all  directions; 
the  portion  Koing  In  the  direction  of  the  sta- 
tion was  in  due  course  more  or  less  concen- 
trated along  the  gas-pipe  leading  to  the  8ta> 
tlon;  the  potential  of  this  pipe,  terminating 
near  the  roof  of  the  foot  bridge,  was  raised, 
but  that  of  the  roof,  which  was  Insulated, 
remained  normal;  thus  a  difference  of  poton- 
Ual  was  created,  which  was  sufficient  to  cause 
a  spark  between  the  two,  across  the  gap  be- 
tween the  pipe  and  the  Insulated  wires,  and 
this  spark  Ignited  the  covering  of  the  wires 
and  caused  the  lire. 

In  this  type  of  case  there  is  no  metallic  con- 
nection between  the  buildings;  the  earth  car- 
ries the  wave  or  impulse.  Whatever  the  ob- 
ject the  discharge  strikes,  and  whatever  re- 
sistance It  meeta  with.  It  must  go  to  good  earth, 
and  the  earth  forms  the  conductor  that  carries 
the  wave  or  Impulse  to  the  second  object.  All 
that  is  required  at  what  I  may  call  the  receiver 
end  is  the  suitable  arrangement  of  metal  to 
produce  the  difference  of  potential  that  will 
cause  a  spark.  In  the  instance  under  refer- 
ence it  was  the  gas-pipe  passing  along  the  road 
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from  the  direction  of  the  struck  bulldiric:  (but 
not  actually  from  that  building)  and  the  long 
length  of  corrugated  troo  roofing  Insulated 
from  the  ground  on  a  wood  en  frame.  The 
spark  could  have  been  prevented  by  making  a 
proper  connection  between  the  Iron  roM  and 
the  gas-pipe,  or  by  placing  the  telegraph  wires 
so  that  they  should  not  form  a  partial  connec- 
tton.  It  la  not  only  one  "earthed"  and  one 
insulated  metal  that  would  cause  such  a  spark. 
Two  "earthed"  metals,  such  as  a  gas-pipe  and 
a  water-pipe  entering  a  bnllding  from  opposite 
directions  and  on  opposite  sides,  and  crossing 
or  closely  approaching  one  another  Inside  the 
building,  would  be  liable  to  cause  a  spark; 
and  when  they  do  enter  from  opposite  sides 
in  this  manner  (rather  unusual)  the  case 
wants  looking  Into  Tory  carefully. 

Methods  of  Protection.- — We  may  say 
broadly  that  there  are  three  methods  of  pro- 
tection that  might  be  adopted.  Firstly,  there  Is 
the  cage  system.  If  you  liave  a  metal  box  you 
can  get  no  electrical  effects  in  the  interior,  and 
if  a  building  could  be  metal  plated,  so  aa  to 

be  like  a  biscuit  tin  with  the  lid  on,  it  would 
be  quite  lightning-proof,  but  no  metal  must 
be  allowed  to  pass  Into  the  Interior  without 

being  fir.'^t  conne(  ted  to  the  metal  sheathing. 

The  advantage  of  this  method  would  be  that 
no  knowledge  of  the  subject  and  no  study 
of  the  problem  involved  by  the  complications 
of  metal  in  the  structure  would  be  necessary. 
It  Is  par  excellence  the  novloe's  method.  It 

is   not  even  necessary  to  cover  the  building 

with  continuous  sheets  of  metal;  if  conductors 
were  arranged  so  as  to  form  a  closed  m«ahed 

network  all  over  it — so  as  ti>  ir.:i'  c  it  resemble 
a  bird  cage — it  would  still  form  a  screen 
against  effects  In  the  Interior. 

The  socond  method  is  tu  connect  every  par- 
ticle of  metal  in  and  about  the  structure  to 
one  another  and  to  the  conductor  system. 
Then  DO  sparking  or  side-flash  would  occur, 
becanse  there  would  be  no  gaps  between  root- 
als  where,  owing  to  difference  of  potential, 
sparks  could  occur.  This  method  Is  the  one 
attempted  by  Trinity  House  for  lighthouses, 
but  for  ordinary  buildings  it  La  impracticable 
also. 

The  third  method,  which  I  regard  as  the 
practical  one,  gives,  I  think,  the  maximum  of 
efficiency  with  the  minimum  of  cost;  but  It 
necessitates  a  profound  study  of  the  subject 
and  very  careful  consideration  of  the  buildings 
to  be  protected.  First,  one  must  determine 
what  are  the  parts  of  the  building  liable  to  be 
struck,  and  run  continuous  lines  of  metal  from 
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th«*Ec  to  goo-!  i  Ttrrli  oonnertions,  either  as  main 
cuuduclurti  or  as  luaiuii  auil  brauchcs,  as  may 
be  most  effective;  then  one  must  consider  th« 
effect  that  would  occur  If  either  of  those  con- 
ductors was  siruek  by  lightning,  aud  mnkti 
cOB&eetiOlw  across  any  sparking  gaps,  either 
between  the  conductor  and  olher  uit?t;ils,  or 
between  those  other  uieiale  iht^iutMilveii,  if  ihtt 
spftrks  were  ealculsted  to  do  harm.  There  are 
some  mt^'r^Tr'  nbout  a  building  that  should  not 
be  brought  lulo  connection  with  the  conductor 
system,  ead  Umm  abould  be  careruUy  aTolded 
by  giving  the  conductor  a  course  that  I''  h-^  voud 
sparking  distance.  The  question  as  lo  what 
■hall  and  what  tbaXL  not  be  eonaeeted  la  the 
most  diillcult  one  of  all  to  decide,  and  no  fixed 
rule  can  be  laid  down;  It  must  be  decided  by 
the  problem  toimd  to  ho  Involved. 

I  have  devoted  the  time  at  my  disposal  to 
the  points  I  regard  as  of  paramount  Import- 
ance, but  you  would  probably  eooalder  my  re- 
marks Incomplete  If  I  did  not  refer  to  the 
relative  value  of  copper  and  iron  for  conduct- 
on.   80  far  aa  regarda  condnetlTlty  and  dlari- 


patlou  of  energy,  the  matter  Is,  I  consider,  of 
such  trltlluy  iniiiurlauue  IhaL  It  aiuks  into  iu- 
slgnlflcance  in  comparison  with  considerations 
of  durability.  A  conductor  !b  expected  to  last 
a  long  time,  aud  iron,  even  if  galvanised,  is 
very  perishable;  so  we  are  left  with  copper  as 
tile  alternative  of  these  two  metals.  As  re- 
gards the  advantage  of  iiuu  dissipating  the 
energy  of  a  discharge,  this  has  been  demon- 
strated experimentally,  and  such  work  Is  often 
of  very  great  value;  bu-t  there  are  cases  where 

it  la  neoanwry  to  take  proportion  Into  ae- 

count. 

The  experlmeuls  that  show  the  superiority 
of  iron  show  that  a  thin  iron  wire  about  100 
ft.  long  liaa  a  decided  advantage  iu  disKipating 
the  energy  of  a  6-lu.  npark,  but  if  you  were  to 
repeat  the  experiments  with  a  conducting  wire 
about  l-lC-in.  long  and  a  fi-in.  spark, — which 
would  be  about  propurtiuual  to  a  lightning 
conductor  100  ft.  long  being  struck  by  a  light* 
ning  flash  half  a  mile  in  hngth — you  would 
see  what  1  mean  by  saying  that,  in  my  opinion, 
the  matter  la  of  trilling  Importance. 
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On  December  18,  Mr.  J.  T.  Fetberston,  Su- 

pertutendont  of  Street  Cleaning  of  the  Bor- 
ough of  Ritlimoud,  New  York  City,  read  a 
paper  before  the  American  Society  of  Civil 
Engiueerj^  on  "Municipal  Refuse  Disposal;  an 
Inveiiiigallou,"  which  gives  the  results  of  a 
ver>'  elaborate  study  of  this  subject,  both  Its 
general  principles  and  its  special  features  In 
the  borough.  The  full  pupcr  is  printed  In 
the  "Proceedings"  of  the  Society,  vol.  xxxiil, 
page  940.  Tilt'  author  niade  ;in  elutiorato  study 
of  the  quantity,  compositiou,  eeaHonai  varia- 
tions and  calorific  value  of  the  local  houao- 
hold  refuse,  cnndnctrd  tests  by  hnrntnij  mixed 
wastes,  and  investigated  many  destructor 
planta.  Some  of  the  information  gathered  by 
these  means  Is  clvm  herewith. 

The  volumes  o(  the  total  collection  in  the 
borough  during  any  month  vary  from  W» 

above  to  12*^;-  helow  the  nvernfre  nf  cn. 
yds.  (or  1.6  tons)  per  thousand  inhabiiauis 
per  day.  although  the  weight  varies  from  83% 
above  the  average  in  winter  to  30'; 
below  it  in  the  summer  and  fall.  This 
weight  variation  la  due  to  the  different  pro- 


portions of  ashes,  rubbiah  and  garhagn  in  the 
different  seasons. 

Many  testa  of  the  compositions  of  the  refuae 

and  of  the  calorific  value  of  the  refuse  and  of 
its  different  parta  are  tabulated  in  the  paper 
and  from  these  data  the  accompanying  table 
of  the  average  fuel  value  of  the  refuso  was 
computed.  The  flgurea  for  September  are 
given  separately,  as  the  refuae  during  this 
month  is  more  difficult  to  burn  than  that  at  any 
other  portion  of  the  year. 
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Many  te.'^ts  of  burnlnp  the  refuso  wero  made 
at  a  crematory  on  a  grate  of  12  sq.  ft.  area, 
and  in  spite  of  adverse  oondltlona  all  terts  but 
one  were  successful  in  destroying  mixed  house- 
hold refuse,  although  unburned  particles  wero 
at  timea  found  in  the  residue.   The  general 
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reBults  of  these  rough  practlcat  tMU  ate 
summed  up  as  follows: 

1.  HdoMbold  TCfnM,  u  eolleeted  in  this 

district,  when  burned  In  a  properly  designed 
furnace,  will  be  self-combustible,  under  ordin- 
ary oondltlooa,  skowlnir  higher  calorifle  power 

In  ■^■•nter  than  In  summer.  Screened  refuse 
will  give  better  results  in  burning  Uian  un- 
■cfMoadt 

2.  About  80  lbs.  of  refuse  per  sq,  ft.  of 
grate  o>uld  be  burned  before  it  became  neces- 
■ary  to  remove  the  dlnker. 

3.  The  process  may  be  made  continuous  by 
retaining  the  beated  coals  from  the  top  por- 
tion of  the  Are  and  remoytng  the  maae  clinker. 
Coal  may  be  required  to  heat  the  furnace  walls 
If  the  operation  of  the  plant  Is  not  made  con- 
tlnuoiM. 

4.  The  rate  of  burning  wUl  be  hlghw  In 
summer  than  in  winter. 

6.  The  percentage  oC  <dlnker  trill  also  rary 
with  the  seasons,  being  high  in  winter  and  low 
in  summer.  The  total  residue  was  not  de- 
termined, at  a  largo  portion  oC  tho  fine  agb 
was  carried  over  by  the  air  Uaat  and  oonld 
not  be  recovered. 

€.  The  heat  loot  by  tbo  removal  of  hot 
clinker  varied  from  SOO  to  BOO  B.T.U.  per  lb. 
of  clinlier. 

7.  Street  iweeptnga  from  thle  locality  could 

not  be  burned  with  household  refUSO,  eioept 
when  mixed  in  small  proportions. 

Ftom  the  data  coltoeted  during  hla  Inveetl- 
gations  and  the  information  furnished  by  a 
thorough  test  of  the  destructor  at  Nelson. 
England,  by  Mr.  C.  B.  Stromejrer,  tbe  author 
worked  out  a  heat  balance  for  the  local  refuao 
of  which  the  leading  deductions  are  given  in 
the  accompanying  tables  of  the  equivalent 
evaporation,  from  and  at  212"  in  pounds  of 
water,  and  the  estimated  temperature  of  the 
eombustlott  cbamber.  In  degrees  Fahrenheit, 
using  the  local  refuse  in  a  good  destructor. 

PROBABLE  RBSULTS  WITH  LOCAL  REFUSE. 

Sum-    Au-  Wln- 
.*!pr'n^.    jnfT    ttjmn.    ter.   Tear.  Sept. 
Kquiv,    pvap  .    lbs.    'J,  (U     1  L", i     1  flS     1,98     2.0H  1.02 
Tfmp.   dcga  2.370  . 1,710  1,950  2.140  2.180  I.MO 

.  Summarising  the  results  of  examinations, 

tests,  and  experiments  when  inl.xed  household 

refuse  from  the  district  considered,  the  fol- 
lowing ooncluslons  are  derived: 

I.  Average  local  refuse  differs  mainly  from 
what  is  known  concerning  average  English 
refuse  in  the  higher  percentage  of  Incombust- 

ililo  matter  and  ihe  lower  percentage  of  water. 
The  average  results  to  be  expected  in  power 
prodttctlon  are  surprisingly  high,  and  the  sea- 


sonal variations  are  greater  With  lOCal  refOSO 
than  with  British  refuse. 

2.  Under  expert  management,  with  a  prop- 
erly designed  furnace,  the  process  can  be  car- 
ried out  in  settled  communities  without  uui- 
saace. 

3.  The  average  local  residue  will  be  greater 
than  the  average  ISnglish  residue  mainly  be- 
cause of  the  high  percentage  of  flue  adi  which 

will  to  some  extent  be  carried  away  from  the 
fire-grate  by  the  forced  draft. 

4.  As  compared  with  the  local  cost  of  burn- 
ing garbaRp  and  carinB  for  "ash  and  ru-bblsh" 
dumps,  the  cost  of  the  destruction  of  mixed 
refuse  will  probably  be  higher,  though  a 
proper  utilization  of  the  steam  generated  and 
the  clinker  resulting  may  offset  this  increase 
In  cost,  while  a  rearrangement  of  tho  refuse 
collection  system  may  tend  further  to  make 
the  cost  of  the  methods  comparable. 

5.  For  the  particular  condition  herels  con- 
sidered, mixed-refuse  destruction  appears  to 
offer  the  best  solution  of  the  problem. 

Thlrty«nlne  refuse  destructors  In  Great  Brit- 
ain and  one  in  Canada  were  visited  by  Mr. 
Fetherstoo,  and  bis  paper  gives  some 
elaborato  summaries  of  the  importsnt 
facts,  concerning  them.  .  In  comparlnR 
American  household  refuse  with  British 
refuse,  localities  having  the  same  gen- 
eral characteristics  and  for  the  bamo  period  of 
the  year  should  be  chosen.  On  this  basis,  as 
a  general  conclusion,  the  author  Is  of  the 
opinion  that  British  refuse  contains  more 
ashes,  leas  garbage,  less  rubbish  and  more 
moisture  than  household  refuse  In  the  vldnlty 

of  New  York.  It  would  appear  that  no  such 
seasonal  variations  occur  as  may  be  found  in 
comparing  American  summer  with  American 

winter  refuse,  while,  durlUfi;  the  fruit  season, 
British  refuse  contains  no  waste  comparable 
to  melon  rinds,  and  com  cobs. 

That  British  refuse  has  a  fuel  value  's 
proved  beyond  a  doubt  by  the  two  hundred  or 
more  destructors  in  whl6h  refuse  la  burned 

throughout  the  year  without  additional  fuel. 

There  would  seem  to  be  no  large  seasonal  va- 
riation in  tbe  calorifle  power  of  the  material. 

The  average  evaporation  for  eighteen  tests 
amounts  to  1.62  lbs.  of  water  per  pound  of 
refuse. 

The  location  of  a  plant  for  the  final  disposi- 
tion of  refuse  has  a  most  important  bearing 
on  the  cost  of  the  collection  (Including  re- 
moval) of  the  material.  Economy  in  coller- 
tion  requires  that  the  plant  shall  be  centrally 
located  with  regard  to  the  district  served,  and 
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that  loftded  collection  wagons  or  carts  shall 
proceed  wttb  the  road  gradient. 

Of  the  forty  destructors,  four  were  critic- 
ally located,  so  that  the  leaat  nuisance  would 
probably-  result  In  the  atondaninent  of  the 

plants;  seventeen  were  centrally  located  In 
advantageous  poeiUona  with  regard  to  the  dis- 
trict served,  but  the  snrronndliig  honeee  were 

not  In  close  proximity  to  the  destructors;  niiu  - 
teen  were  placed  on  the  outskirts  of  towns 
and  not  likely  to  cause  complaint,  eTsn  If  the 
plants  were  not  well  operated.  Complaints 
of  nuisance  due  to  the  location  of  British 
refuse  deBtmetora  In  settled  localities  are  said 
to  be  rare,  and,  as  far  as  could  be  determined 
very  few  of  the  plants  visited  deserve  condem- 
nation in  this  respect. 

All  these  destrurtnrs  visited  contain  Inrpe 
brickwork  chambers  having  fixed  graten  with 
boilers  placed  outside  the  refuse-burning  por- 
tion. In  the  destruction  of  refuse  by  fire, 
well-determined  principles  of  combustion 
apply.  In  practice,  the  destruction  of  refuse 
may  be  attained  successfully  by  t^urning  It  by 
forced  draft  in  a  so-called  Dutch  oven  ur 
chamber  where  the  brickwork  is  maintained 
at  a  high  heat,  and  the  escaping  gases  are 
subjected  to  a  high  temperature  with  an  ox- 
cess  of  air  for  a  sufficient  length  of  time  to 
oxidize  the  comhuetlhle  consttttieiits  of  the 
material. 

The  forms  of  British  destructors  vary,  and 
for  conventottce  may  be  divided  Into  two  gen- 
eral groups. 

Group  1. — The  first  may  be  termed  the 
mutual  assistance  type,  where  one  unit  con- 
tains several  grates  with  dhid«  d  asli-jiila.  the 
products  of  combustlou  intormingiiug  in  the 
upper  iiortion  of  the  furnace,  thus  combining 
several  furnaces  or  cells  In  one.  Reprcsenta- 
thos  of  this  typo  are  thf  Aluldruiu  and  lieenan. 

GroutJ  ".-  The  second  comprises  furnaces 
in  which  each  burning  grate  or  cell  forms  n 
separate  unit.  The  products  of  combustlou 
cither  commtngle  in  a  general  flue  or  combus- 
tion chamber,  or  pass  directly  from  cell  to 
boiler.  Representatives  of  the  ceil  type  in 
which  the  products  of  combustion  intermingle 
in  a  common  chamber  before  pn^sint^  tn  the 
boiler  are  the  Horsfall,  Sterling,  and  Beaman 
and  Deas  (Meld rum).  Representatives  of  the 
type  in  which  the  products  of  combustion  pass 
direftly  from  the  cell  Into  contact  with  the 
boiler  are  the  orlgrinal  Fryer,  Flyer's  Im- 
proved (Maniove-Alllott  and  Company),  War- 
ner, uud  Uaker. 

The  Meidrum,  Heenan,  and  Borstall  typtt 


pre-beat  the  air  used  for  combustion  to  a 
temperature  from  200  to  400"  F.  before  it 

comes  In  toutact  with  the  burning  fuel  on  the 
grate.  Other  makes  of  furnaces  mentioned 
In  Oroup  2  use  air  at  ordinary  atmospheric 
temperature.  The  utilization  of  heated  air 
undoubtedly  tends  to  more  perfect  combustion 
and  higher  temperatures  both  in  cell  and  com- 
bustion chamber.  Other  differences  in  design, 
in  the  furnaces  in  Qroups  1  and  2.  may  be 
noted,  as  for  instance,  the  drying  hearth  which 
some  furnace  makers  consider  essential  in 
the  destruction  of  refuse,  the  use  of  steam-Jet 
blowera  or  fans  for  forced  draft,  the  different 
provisions  for  arresting  dust,  the  kind  of  boll'- 
era  used,  the  various  methods  of  feeding,  clink- 
erlng,  stoking,  etc.  All  the  above-named  de- 
structors, except  the  oriL;  :;  i  Pryer,  use  forced 
draft,  which  is  considered  necessary  for  tho 
attainment  of  a  high  temperature. 

The  aim  in  the  design  of  refuse  destructors 
should  be  to  maintain  a  steady  temperature. 
If  it  be  considered  that  1,250°  F.  i.s  the  miu- 
Imum  at  which  septic  poisons  in  the  products 
of  combustion  are  destroyed,  tlio  higher  limit 
of  temperature  is  fixed  by  the  materials  uaed 
In  the  construction  of  the  furnace.  Tempera- 
tures greater  than  2.^00"  F.  arc  apt  to  result 
in  high  cost  of  repairs.  Thus  leuiperaturea 
between  1,250  and  2,000'*  F.  are  deslrablo, 
both  from  sanitary  and  cronomfr.i]  points  of 
view.  As  the  burning  ul  rtjfuse  in  a  destruc- 
tor is  an  Intermittent  process,  requiring  alter- 
nate chnri,'Ii)p  and  rlinkcrlng,  tho  fluctuations 
in  temperatnie  tiLiuuid  be  minimized  aa  much 
as  possii  ie.  When  destructors  afe  of  such 
design  that  llio  jrases  pass  directly  from  cell 
to  boiler  wliliouL  an  intermediate  combustion 
chamber,  there  Is  danger  of  unozldlsed  gases 
beiner  cooled,  by  rnntnct  with  the  boiler,  be- 
low the  temperature  required  to  prevent  nul- 
sanoa. 

In  p;eneral,  modprn  British  types  of  de- 
structor vary  In  Important  details,  and.  of  the 
different  plants  examined  by  the  author,  those 
In  which  a  combustion  chamber  or  flue  was 
placed  between  the  cell  (or  unit)  and  the 
boiler,  and  whM-e  heated  air  was  used  for 
combustion,  appeared  to  be  doing:  the  most 
satisfactory  work.  Of  the  forty  plants  in- 
spected, all  but  two  produced  steam  for  powor 
purposes. 

Cost  of  Operation. — The  cost  of  operation 
was  obtained  from  the  engineer  or  superlnten- 
drrtt  In  charge  of  the  dcstnirtor  or  from  the 
furnace  makers.  It  appears  that  for  twenty- 
four  Installations  tho  average  ««gt  of  Inbor 


Uiyitizca  by  Google 


REFUSE  DISPOSAL 


171 


per  lonK  ton  (2,240  lbs.)  of  refuse  destroyed 
would  amount  to  24.3  cents,  or  21.B  centa  per 
short  ton  (2,000  lbs  ).  As  the  American  rate 
of  laborers'  wages  is  about  double  the  British 
rate,  this  would  make  43  cents  per  short  ton 
ct  refnia  dMtn^vd  on  an  American  basis. 

For  supervision,  only  four  Installations  had 
figrures  available,  the  average  being  4.83  cents 
per  Ions  ton.  Two  plants  reported  the  ooit 
for  repairs  at  3.22  cents  per  long  ton. 

Only  one  complete  report  was  obtained  in 
wUeh  all  charges  for  the  destruction  of  ra> 
fuse,  iutlutllug  labor,  superrlsioii,  intorost  on 
capital,  sinking  fund,  repairs  and  supplies, 
were  included.  The  total  cost  of  operBttOtt. 
Including  all  thn  above  charsos  at  Stol^e-upon- 
Trent,  amounted  to  |i.l7  per  long  ton  or 
$1.04  per  short  ton.  By  changing  the  labor 
rate  so  that  It  would  compare  with  American 
conditions,  and  by  a^^umitig  the  same  charges 
for  iBterwt,  sinking  fund  and  tepairs.  It 
would  appear  that  the  total  cost  of  refuse  de- 
struction for  a  plant  similar  to  that  at  Stoke- 
upon-Trent  would  amottttt  to  11.50  p«r  ihort 
ton  in  New  York. 

Definite  information  regarding  the  Quantity 
Of  refase  handled  per  man  per  hoar  (aasum- 
ing  the  quality  of  labor  to  be  comparable)  af- 
fords a  better  general  means  for  arriving  at 
the  labor  cost  of  operating  a  deetruetor.  Feom 
the  figures  for  twenty-seven  plants,  on  an  av- 
erage, each  man  employed  would  handle  0.78 
long  ton  per  hoar,  Tarjrlng  from  0.5  to  2  tons 
per  hour  with  the  type  of  plant  and  method  of 
operation.  At  an  easy  rate  of  working,  there 
should  he  no  diflleulty  In  destroying  0.75 
short  ton  per  man  per  hour;  hence,  with  wnpes 
at  25  cents  per  hour  (or  |2  per  day),  the  cost 
of  labor  would  amount  to  8SV6  cents  per  ion, 
while  at  .11  >4  cents  per  hour  (or  %2.Z0  per 
dayj,  the  cost  would  be  about  42  cents  per 
ton. 

It  appears  that  the  top-feeding  method 
(except  where  water-sealed  doors  arc  used) 
allows  smoke  to  eacape.  Even  with  water- 
sealed  doors,  smoke  escapes  when  charging. 
Of  the  hand-firing  methods,  the  front-fed  type 
appears  to  be  advantageous,  with  regard  to 
concentration  of  labor  and  freedom  from  es- 
caping smoke,  but  the  storage  bin  cuts  off 
ll^t  and  air  from  the  firemen,  while  some 
refuse  may  be  mixed  with  clinker  If  the  men 
are  careless.  With  back  band-feeding  by 
shovel,  amide  light  and  air  can  be  given  on 
the  cllnkerlng  side  of  the  furnace  where  It  la 
most  needed.  As  compared  with  front-feed- 
ing,, haek  hand-feeding  does  not  permit  of  the 


same  concentration  of  labor,  but  allows  greater 
comfort  to  the  men  employed,  which  more 
than  compensates  for  this  slight  disadvantage. 

In  general ,  shovel-feeding  obviates  escaping 
smoke  from  top-feeding  doors,  allows  a  bet- 
ter selection  of  refuse,  and  does  away  with 
Btoklng  to  a  great  extent,  as  refuse  can  be 
charged  directly  on  the  grate,  thus  saving  one 
operation  in  destroying  the  material.  When 
the  refuse  has  nut  reached  an  ad\'aiifr'!!  <-:fas:e 
of  decomposition,  and  does  not  contain  au  ex- 
cess of  water,  or  such  objectionable  material 
as  nlghtsoll,  haud-flrlng  la  undoubtedly  tO  bO 
preferred,  eapccially  for  power  plants. 

Bj  stoking  is  meant  the  dragging,  pushing 
or  spreading  oC  refuse  after  It  has  been 
charged  into  the  furnace.  All  top-fed  destruc- 
tors and  all  destructors  provided  with  drying 
hearlhs  require  considerable  stoking.  Hand- 
fed  types,  without  drying  hearths,  where  re- 
fuse Is  thrown  directly  on  the  grate,  do  not 
need  much  stokingr. 

At  first  sight,  it  would  seem  that  refuse 
Charged  direct  from  cart  to  cell  without  Inter* 
mediate  handling  should  prove  most  sanitary 
and  economical,  yet  the  disadvantages  of  this 
method  are  many.  For  any  particular  case 
a  study  of  local  conditions  will  determine  the 
best  system  to  be  used. 

Clinkerlng  is  perhaps  the  most  trying  work 
In  connection  with  the  operation  of  a  destruc- 
tor. A  mass  of  hot  slag  must  be  broken  up 
by  long  bars,  tipped  into  a  wheel-barrow  or 
other  conveyance,  and  removed  while  in  a 
highly  heated  condition.  The  work  is  per- 
formed by  hand  labor  oppoalte  the  open  doors 
of  a  hlphly  heated  furnace.  There  are  various 
methods  of  conveying  clinker,  as  by  wheel- 
barrows, by  ears  on  raOs.  or  by  skips  running 
on  an  overhead  rail.  When  cars  or  mono- 
railways  are  used,  the  storage  room  is  limited 
and  the  place  wh«re  the  material  Is  deposited 
must  be  cleared  at  Intervals;  for  this  ren55on, 
the  system  has  been  abandoned  In  favor  of 
wheel-barrows  at  many  plants.  Various  me- 
chanlcal  devices,  such  as  tipping  f^rates,  etc., 
have  been  tried  in  order  to  lessen  the  work 
of  dlnkerlng,  but,  up  to  the  present  time,  all 
have  failed. 

As  a  general  rule,  the  clinker  in  sight  at 
the  various  Installations  wss  found  to  be  hard 
and  well-burned,  except  where  plants  were 
carelessly  operated,  or  where  fires  were  rushed 
at  some  eleetrle  lighting  etations.  In  order 
that  clinker  shall  be  dense  and  that  practi- 
cally all  the  carbon  shall  be  oxidized,  it  is 
necessary  that  the  clinker  be  exposed  to  a 
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bigb  tetaperature  (or  a  sufficient  time  to 
eonanme  tborottghly  alf  the  conbuitlble  ma- 
terial. 

In  burning  mixed  refuse,  some  fine  incom- 
bufltlble  material  finds  Its  war  Into  the  de- 
structor flue  or  dust  traim,  and  must  he  tc- 
moved  periodically.  This  may  have  an  Impor- 
tast  bearing  upon  the  aetnal  capacity  of  a 
deatruclor,  as  it  may  hv  necessary  to  shut 
down  the  plant  lor  several  days  wlille  tbe 
cleaning  procesa  Is  under  way.  The  time 
elapslug  between  cleaning  j)eriodB  varies  with 
the  character  ot  the  material  destroyed  and 
the  type  of  deatmetor.  It  would  appear  to  be 
necessary  to  clean  out  all  Hues  thoroughly 
once  every  4  to  6  weeks  in  Great  Britain,  ex- 
cept where  a  special  dmt-eatefaer  ta  used. 

FiKurea  for  oijihteen  destructor  tests,  giv- 
ing the  quantity  ot  water  evaporated  per 
ponnd  of  r^ae  ("from  and  nt  21S<*  V.")  (or 
periodfl  Ttrytng  from  €H  boars  to  one  year 


were  secured.  The  highest  rate  ol  evapora- 
tion was  2.86  Iba.  of  water  per  pound  of  re- 
fuse, in  a  15-bour  run  at  a  destructor  !u  a 
colliery  district.  The  lowest  gave  0.88  lb. 
of  water  per  pound  of  material,  In  a  test  of 
11^4  days,  with  refuse  containing  a  large  pro- 
portion of  uightsoil.  The  average  evapora- 
tion In  eighteen  modem  destructor  testa 
ainoutited  to  1.02  lbs.  of  water  per  pound  of 
refuse.  In  all  the  foregoing  figures  the  water 
evaporated  la  a  gross  amount,  and  In  order 

to  obtain  the  net  useful  steam  produced  for 
power  purposes  It  is  necessary  to  deduct  for 
forced  draft  apparatus.  It-  appear*,  from  the 
figures  quoted,  that.  In  a  district  where  coal 
ia  abundant  and  cheap,  it  is  possible  to  evap- 
orate about  2.S'  lbs.  of  water  per  pound  of 
refuse,  while  in  other  districts,  distant  from 
coal  flelds,  destructors  are  capable  of  produc- 
ing an  ovapMntloD  of  about  l.B  Iba.  per  pound 
of  rofime. 


THE  DEVELOPMENT  OF  CONTINUOUS 
CURRENT  TURBOGENERATORS 


In  dlsciisslng  this  subject  In  a  paper  re- 
cently read  before  the  Institution  of  Electrical 
Bnglncem,  Dr.  R.  Pohl  stated  that  In  order 
to  operate  sets  at  the  highest  possible  speeds 
it  is  necessary  to  know  the  maximum  permis- 
sible speed  at  which  an  armature  ot  given 
diameter  may  be  run  without  undue  stress 
being  set  up;  and  also  the  maximum  output 
thereby  obtainable,  using  an  armature  azlally 
us  long  as  pOHsiide.  As  the  speed  limit  of  an 
armature  is  defined  by  the  circumferential  ve- 
locity for  which  the  tensile  atressea  reach  their 

periDtssiblt'  limit,  it  has  bi-en  found  that,  using 
special  phosphor-bronze  or  manganese-bronze 
castings  for  the  end  sheila  (having  a  permis- 
sible stress  of  about   '^..'jOO  lbs.   per  s<i.  in.), 

the  safe  maximum  drcumfereuUal  velocity  is 
246  ft.  per  mln.  From  thin  the  r.p.m.  for 
any  diameter  can  bo  easily  obtained.  The 
greatest  permissible  voltage  per  segment  of 
the  commutator.  In  the  eaae  of  high-speed  gen- 
.1:1  tors,  is  taken  at  ■lO  volts,  or  2-3  of  the 
value  usually  employed  for  slow-speed  ma- 
chines. Assuming  a  field  distortion  of  25%. 
the  product  of  th.-  mean  flux  throut:li  tbc  air 
gap  and  the  length  of  the  armature  is  thus 
limited  to  about  6BO»000.  which,  for  a  mean 
flux  of  32,2S0  lines  per  aq.  Id.,  gives  IT  Ina. 


as  the  greatest  permissible  length  of  armature, 
independent  of  its  diameter.  Taking  the  ratio 
of  pole-are/pole  pltiA  to  be  equal  to  0.6B,  the 
total  numlicr  of  lin^  entering  or  leaving  the 
armature  is  found  to  be:  Flux  per  iHiie  x 
No.  of  polea  »  1.118,000  d,  where  d  la  the 
diameter  in  Inches.  It  Is  also  necessary  to 
determine  how  many  ampere-turns  can  be 
accommodated  on  the  circumference  of  the 
armature.  The  highest  specific  load  .\S  fam- 
pere'couductora  per  inch  of  armature  circum- 
ference) may  be  found  from  an  empirical  for- 
mula  expressing  contlltions  obtaining  in  well- 
designed  uaO-volt  machines,  viz.:  AS  =  (350d 
—  2,276)  (d  I-  2.7S).  Caleulatlfms  of  out* 
puts  and  si)eeds  baso<l  on  the  al>ose  conditions 
show  that  it  is  impossible  to  construct  a  direct- 
current  generator  above  600  KW.  (the  proper 
domain  of  the  steam  turbine)  whicli  will  meet 
the  requirements  demanded  by  the  speed  of 
the  equivalent  turbine.  The  discrepancy  may 
be  overcome  by  artiticiallj  reducing  the  speed 
of  the  turbine,  which  increases  the  cost  and 
the  steam  consumption;  by  a  tandem  arrange- 
iiiont  of  two  half-capacity  dynamos  coupleil  to 
one  turbine;  by  the  use  of  a  homopolar  gen- 
erator. The  latter  la  barred  baomiM  of  tlM 
difficulty  of  obtaining  aoflleieiitly  high  volt* 
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«t«i,  and  by  tbe  «coMslr»  irali^t  of  metal  re* 

quired  as  compared  !l'.nt  of  a  commutating 
machine  of  e^iulvalent  c«ipacity.  The  output 
can  b«  incTMUMd  hr  tatiiemiSag  the  flMb-owr 
and  the  sparking  limits.  Since  it  is  not  ad- 
visable to  increase  the  circumferential  ve- 
loetty*  attMitlim  mmi  Iw  given  to  Increaslnc 
the  permissible  AS  values  and  In  using  a  Rhtint 
parallel  to  the  commutating  poles  in  order  to 
raako  the  chanwterfstle  of  tbe  eofntnutattng 
fleld  a  straight  line.  There  would  srpm  to  be 
no  likelihood  of  improvement  In  tbe  direction 
of  IncreaMd  flux  unleei  means  are  found  to 


enable  the  armature  to  be  lengthened  without 

exceeding  the  flash-over  Umlt,  and  simultane- 
ously without  increasing  tbe  reactance  voltage. 
This  canly  only  be  aooompllshed,  aooording  to 
Dr.  Pohl,  by  a  suitable  nrmature  winding, 
which  he  describes,  but  in  regard  to  which 
results  ate  as  yet  not  aTaliabtou 

An  analysis  of  the  operation  of  a  machine 
provided  with  this  winding  would  seem  to  make 
it  possible  to  preilet  the  eonstruetlon  of  satis- 
factorj'  generators  having  armatures  of  twice 
the  present  length,  and  capable  of  yielding  out- 
puts 100%  greater  than  those  now  obtained. 


CAN  EARTHQUAKE-PROOF  BUILDINGS 

BE  ERECTED?' 

By  L.  MENSCH 


The  subject  of  earthquake-proof  buildings 
Is  a  vital  one  for  San  Frandsoo  and  surround- 
ing counties,  it  is,  of  course,  possible  to 
building  earthquake-proof  buildings  of  brick, 
Stone  and  wood. 

Tbe  great  majority  of  well-built  buildings 
of  San  Frandsoo  stood  the  earthquake  remark- 
ably proivlded  that  they  were  not  built  on 
what  you  may  call  stilts,  and  where  they  were 
properly  braced  and  tied  together,  nothwtta- 
standlng  the  contrary  reporta  apread  all  over 
tbe  country. 

Reinforced  concrete  Is '  the  best  material 
adapted  to  buildinga  which  may  haTe  to  with- 
stand earthquake  shocks,  and  we  can  build 
an  absolutely  quakeproof  relnforced-concrete 
building  at  a  ronsiderably  lower  cost  than  the 
ordinary  steel  building  whose  quakeproof  qual- 
ities are  only  problematic.  We  know  to-day, 
without  a  scintilla  of  doubt,  what  the  carry- 
ing capacity  of  a  relnforced-concrete  beam  is. 
If  relnCorced  by  a  given  percentage  of  steel, 
and  I  positively  a«wrt  that  you  cannot  predict 
with  the  same  degree  of  eiactness  the  strength 
of  a  timber  beam. 

The  earthquake  of  April,  1906,  on  the 
ground  of  San  Francisco  produced  vibrations 
of  an  amplitude  of  less  than  one-half  an  inch 
and  a  total  wave  length  of  about  one  hundred 
feet.  These  vibrations  followed  eat  )i  oiiu  r  in 
various  directions  and  on  filled  ground  caused 
serious  upheanls  to  the  extent  of  seyeral  feet. 


*Kroin  »  pa[>pi  iiiid  bt-rote  the  S«n  FModani  Chap- 
ter, Auwrican  luctitute  ol  Arcbltacls. 


and  set  up  in  all  buildings  considerable  Tlbra- 
tion.  It  is  clear  that  the  upper  parts  of  a 
building  vibrated  with  a  much  greater  ampli- 
tude than  the  lower  portions  and  that  these 
VllMratlons  in  regard  to  amplitude  depended 
upon  the  stiffness  of  the  stori^  and  the  connec- 
tions with  the  adjacent  stories.  Assume  that 
the  third  story  of  a  building  was  less  braced 
than  the  second  story.  The  amplitude  of  the 
vibrations  for  the  third  story  was  then  con- 
siderably larger  than  that  of  those  for  the 
second,  with  the  resu-lt  that  great  shearing 
forces  were  produced  at  the  connections  at  the 
third-flcor  level.  If  the  connections  could  not 
bland  these  horizontal  shearing  stresaes,  a  hori- 
zontal displacement  must  have  taken  place, 
which  may  or  may  not  have  been  followed  by 
failure.  Such  horizontal  displacement  you  can 
observe  in  many  parts  of  the  City  Hall  which 
are  atill  standing  and  in  other  buildings  and 
monuments  in  the  city.  That  the  vibrations 
depend  entirely  on  the  relative  stiffness  is  also 
clearly  shown  by  the  fact  that  pictures  and 
other  objects  not  in  rigid  connection  with  the 
mass  of  the  buildings  were  thrown  from  the 
v/alls.  It  seems  therefore  advisable  in  an 
earthquake  country  to  build  building  as  unl- 
ffiriu  in  stiffness  as  possible  throughout  the 
various  storiee. 

Let  us  now  return  to  the  vibrations  of  the 
ground.  I  mentioned  that  they  amounted  to 
less  than  1,4  in.  In  a  wave  length  of  100  ft. 
The  vertical  dlHplaceinents  made  themselves 
felt  in  half  this  length,  that  is  &0  ft.    Let  us 
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now  aammo  a  building  has  walls  or  columns 

IC  ft,  on  centers,  the  rolativc  verfl'-al  dls- 
placen>ents  of  thesQ  wttlls  or  columns  amouats 
tliia  to  only  1-16  lo..  whieh  is  on  iiialgiilflcant 
amount  and  certainly  can  be  taken  care  of 
without  the  least  cauat^  for  uneasiness  by  either 
ttmber,  atMl  or  concrete  construction.  The 
more  or  loss  sudden  nppHcaUon  of  the  forces 
will  bo  equivalent  to  a  relative  displacement 
of  perhaps  twice  thin  amount,  but  eren  one- 
third  of  an  Inch  of  relative  dlsplncement  wtU 
not  as  a  rule  cause  undue  stresses. 

Popularlr  It  iB  believed  that  frame  bnlldlnga 
are  the  only  proper  tnilldln^  for  an  earth- 
quake couutry  because  they  return,  after  their 
ylbratione.  to  their  old  poeltlone.  Uafhematl- 
cally  speaking,  wood  has  a  coefficient  of  elas- 
ticity of  one  and  a  half  millions;  concrete  of 
two  and  a  half  mlllloni;  steel  of  twenty^aine 
millions.  Steel  Is  certainly  more  perfectly  clas- 
^  tic,  concrete  at  least  Just  as  elastic  as  wood 
and  therefore  we  eaanot  b«ll«ve  that  wood  te 
better  adapted  on  this  acconnt.  The  cause  of 
the  better  behavior  of  well-built  frame  buUd- 
Inga  over  brick  or  tteel  bulldlnga  in  earth- 
Qiiakcs  lies  In  the  fact  that  they  are  built  more 
uniformly,  the  various  partitions  being  well 
ocnaected  with  the  walls,  and  the  whole  struc- 
ture  Is  comparatively  very  light,  therefore  the 
momentum  produced  by  the  quakes  is  very 
much  less  than  Is  any  other  class  of  bulldlnga 
and  therefore  fLe  horizontal  shearing  force  is 
very  much  smaller.  Now  take  a  well  buUt 
reinforced  concrete  bulldlns.  It  la  the  In* 
variable  practice  of  the  competent  desff^ner  of 
reinforced  concrete  buildings  to  provide  at 
least  one  or  two  relnforoed  concrete  cross  par- 
tfMnn  wnllp,  fo  take  rare  of  the  wind  strossos, 
wbpn  wind  pressure  enters  into  the  considera- 
tion of  the  design.  These  partition  walls  are 
aometinios  objectionaMe,  neverthrless  they 
faav(<  to  be  put  in.  if  the  owner  wishes  to  have 
a  building  to  stand  any  length  of  time,  or  to 
remain  plumb,  or  to  have  any  factor  of  safety 
at  all.  How  much  more  are  such  cross  parti- 
tion walla  required  In  a  building  wbieh  is  pur- 
posed to  be  quako  j)iij<if?  There  is  no  doubt 
that  the  connections  of  a  properly  designed 
and  properly  buitt  reinforced  concrete  bnildlns 
aro  v*^ry  inurh  stronger  than  thope  of  a  frame 
building  both  absolutely  as  well  as  relatively 
in  regard  to  the  greater  weight  of  concrete. 

Ileinforted-conrrete  walls  '(^f'lgh  one-half 
and  often  less  than  ooe-half  as  much  as  brick 
walls  which  have  to  do  the  same  duty,  and  by 
the  nature  of  the  construction  are  well  ron- 
nectcd  with  the  dours.    it  is  of  course  clear 


that  it  la  not  auflieient  to  deetga  such  a  build- 
ing for  static  stresses  nlono.  The  best  built 
building  will  not  necessarily,  if  this  be  the 
case,  be  abla  to  stand  a  aerions  quake. 

I  cannot  enough  warn  you,  whether  you 
design  a  concrete  or  a  steel  building,  not  to 
make  your  columns  too  small.  If  yon  want  your 
bulldlrs  to  ho  earthquake  proof.  If  It  Is  ab- 
solutely necessary  to  omit  all  the  partitions  in 
the  flrat  otory  of  a  bnlldlng,  yonr  only  reliance 
and  salvation  lies  In  the  columns,  and  if  you 
reduce  their  stiffness  you  set  your  buildings 
practically  on  stilts,  and  their  earthanake  proof 
qualities  are  then  more  than  doubtful. 

From  time  immemorial  people  have  looked 
to  the  walla  for  the  stability  of  buildings.  Since 
the  Introduction  of  the  skeleton  principle  in 
steel  and  reinforced-concrete  construction  the 
walla  are  merely  eurtaint.  and  eontrlbnte  hardly 
more  to  the  stiffness  of  the  skeleton  than  the 
glass  i>ane8  of  the  windows,  while  a  concrete 
wall  la  able  to  increase  the  attltneaa  of  a  con- 
crete or  steel  pilaster  from  four  to  ten  times 
the  former  rigidity.  This  is  speaking  of  the 
etlfEneaa  of  a  buildtng  croeawtse  to  the  dlrao- 
tlon  of  the  walls. 

In  the  direction  of  the  wall  a  reinforced- 
concrete  wall  probably  atlffena  the  Aeletou 
from  01)0  thouF^and  to  ten  thousand  times  Mid 
mote.  If  a  building  is  not  too  narrow  or  IkOt 
too  much  cut  up  we  can  aafely  figure  that  the 
floor  construction  will  act  as  hnrlrontal  girders 
to  transmit  the  horizontal  shears  to  the  end 
walls,  which,  as  acting  girders  Of  60  ft.  or  more 
In  depth,  are  certainly  able  to  take  care  of  thece 
forces.  If  the  walls  have  very  large  openinga 
or  if  the  area  of  the  building  la  large,  you  have 
to  adopt  relnfo'ced-concrete  partition  walla, 
say  in  distances  of  fifty  feet.  You  have  then 
a  greater  etiifaeaa  than  in  a  modem  steel 
ship  which,  as  you  know,  has  to  withstand 
shocks  greater  than  other  structures  we  know 
of. 

I  promlser!  to  prove  that  yoti  can  build  a  re- 
inforced concrete  building  which  is  really 
earthquake  proof  for  leaa  money  than  a  ateel 
hullrlinf.  Tn  order  to  do  this  we  have  only 
to  compare  the  cost  of  the  structural  parts. 
It  takes  about  20  lbs.  of  steel  for  each  square 
foot  of  flool  in  a  steel  skeleton  bulldlnc:  Add 
to  this  about  one  and  a  half  lbs.  of  steel  for 
the  reinforcing  of  the  concrete  alabo  of  email 
span,  you'  have  a  total  of  21%  lbs.  per  square 
foot.  You  will  have  to  figure  on  an  average  of 
about  seven  inches  of  conci^te  per  square  foot 
for  the  fireprooflng  of  all  f  olumns,  girders  and 
fo.-  the  fioor  slabs,  and  you  will  need  at  an 
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average  about  two  feet  of  lumber  per  square 
toot  to  do  tbe  term  work  for  tbe  fireprooflDS.  U 
w«  flcure  the  steel  erected  and  painted  at  Che 

low  C^re  of  175  per  ton,  the  concrete  at  45 
eta.  per  cu.  ft,  the  lumber  at  $60  per  thousand 
feex  erected,  taken  out  and  re-ueed.  we  get  the 
total  cost  of  $1.19  per  aa.  ft.  of  ateel  skeleton 
and  flreprooflng. 

In  a  relnforeed^eoncrete  building  we  shall 
need  an  average  of  not  more  than  seven  lbs. 
of  steel,  about  eight  Inebes  of  concrete  and 
about  three  and  a  half  feet  of  lumber  per 
■Quare  foot  of  floors  for  the  structural  part  of 
the  building.  Figuring  In  this  case  much 
higher  unit  prices  on  account  of  the  inexpe- 
rience of  workmen  and  contractors,  and  con- 
sidering that  the  price  of  plain  steel  rods  Is 
only  12.20  per  hundred  f.  o.  b.  San  Francisco 
In  carload  lots,  we  will  assume  the  cost  Of  tbe 
reinforcing  steel  placed  at  |6G  per  ton,  con- 
crete at  60  cents  per  cubic  foot,  the  cost  of  the 
form  lumber  erected,  tuken  out  and  re-used 
at  1 70  per  thousand,  we  find  that  tlic  co>,t  of 
the  reinforced  concrete  skeleton  amounis  to  &S 
cents  per  square  foot  against  $1.19  tor  steel. 

In  order  to  make  the  skeleton  earthquake 
proof  beyond  question,  we  will  figure  on  pro- 
Tfdlae  relnforoed  concrete  partition  walls  and 
we  will  assumo  that  the  area  of  these  walls 
Is  one-fourlh  of  the  area  uf  the  floors.  A 
reinforced  concrete  partition  costs  probably 
80  cents  per  square  toot  more  than  a  hollow 


plaster  partition,  or  reduced  per  square  foot 
of  floor  this  extra  expense  would  amount 
to  7^  cents  per  square  foot,  or  a  grand  total 
of  95%  cents,  for  a  n  ally  earthquake-proof 
Structure,  against  for  a  steel  skeleton 

bulldlns,  the  condition  of  which  may  be  se- 
rious after  an  earthquake  if  not  stiffened  bj 
similar  partitions,  in  this  calculation  I  have 
assumed  very  high  unit  prices  for  reinforced 
concrete  ooiirtruction.  which  is  at  present 
necessary  on  account  of  the  Inexperience  of  all 
connected  with  this  construction,  but  these 
prices  will  be  liable  to  a  reduction  of  at  least 
25'o  in  a  year  or  two,  with  the  perfection  of 
workmanship,  and  with  the  experience  gainod 
by  the  contractors.  This  has  been  the  ease 
in  all  sections  of  the  United  States  where  con-> 
Crete  construction  has  been  carried  on  for  a 
few  years,  i  have  not  taken  in.  account  the 
great  savings  of  reinforced  concrete  footings 
over  steel  beam  and  concrete  foqilags,  which 
amount  to  at  least  50%  of  the  cost  of  the  lat- 
ter, nor  did  I  tako  into  account  the  sulj^tantial 
saving  by  omitting  the  false  colling  In  con- 
crete buildings  where  square  panel  construc- 
tion wlthotit  intermediate  beams  is  the  stand- 
ard of  design,  and  where  the  beama  may  be  ar- 
ranged to  eome  in  the  partitions,  thereby  ef- 
fecting a  saving  in  the  height  of  thn  stories, 
and  offering  a  more  substantial  ceiling  than 
tho  uaaaUsfaetory  wire  lath  and  plaster  con.' 
•traction. 


THE  EXHAUST  GASES  FROM  PETROL 

MOTORS 

By  PROF.  F.  W.  BURST  ALL 

FROM   TilK  ■■■IIMK.S   it.O.VnON)   CNU I N  ICKlt  I  NO  PI'PPt.RMKNT." 


It  Is  a  matter  of  common  knowledge  that 
wry  frequently  the  ttdianst  products  from 
motor-cars  have  a  very  strong  and  disagreea- 
ble Odor.  It  is  commonly  accepted  that  this 
Is  a  necessary  evil,  whereas  It  Is  In  reality  a 
matter  which  could  be  entirely  avoided  with 
anltably-proportloned  motors.  To  understand 
the  reason  for  this  objectionable  smell.  It  Is 
necessary  to  consider  in  some  detail  how  the 
petrol  Is  bur^t  In  the  motor.  Petrol  is  a  mix- 
ture of  bexnne  and  pentane,  having  roughly 
the  chemical  formula  C,  H,,.  In  the  carburet- 
tor the  liquid  Is  converted  partly  into  vapor, 
and  also,  due  to  the  very  rapid  suction,  some 


of  the  liquid  gets  carried  over  In  the  form  of 
a  very  fine  mist  or  spray. 

The  way  out  of  the  difficulty  Is  in  tho  flrt^t 
instance  to  so  arrange  the  carburettor  that  it 
Is  Impossible  to  get  anything  but  petrol  vapor 
into  the  engine  cylinder,  and  in  the  next  place 
to  Insure  that  there  is  always  a  considerable 
amount  of  free  oxygen.  In  which  case  combus- 
tion will  be  absolutely  complete  before  the 
exhaust  valve  opens,  as  is  the  case  with  a 
gas-engine.  In  gas-engine  practice  one  method 
of  increasing  the  charge  weight  is  to  force  a 
current  of  cold  air  through  the  motor  on  the 
exhaust  stroke,  which  not  only  dears  out  the 
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productB  of  combuHtlou.  but  also  coolt  down 
the  cylinder  walls.  This  hub  received  thu  name 
of  a  aesTenger  charge,  and  It  has  proved  to 
be  a  thorotiKhly  reliable  method  of  working. 
ItB  appUL-aiiuu  tu  the  patrol  motor  is  some- 
what difficult,  owing  to  th«  speed,  but  oo«  oC 
the  methods  that  has  been  rarrled  Into  prac- 
tice is  tu  mudlfy  the  urdiu^iry  luur-slruke  Otto 
cycle  Into  a  six-stroke,  the  two  additional 
strokes  being  taken  up  in  drawing  in  a  charge 
of  cold  air,  and  expelling  It  on  tho  second 
stroke.  Experiments  on  a  six-stroke  motor 
showed  it  to  be  hitihly  ccononiital  in  fuel  and 
to  give  an  ejLhaust  both  colorless  and  odor- 
lew,  and  on  ualysla  no  trace  of  even  carbon 


monoxide  could  be  found  in  the  exhaust  gases, 
as  there  was  some  6%  of  free  oxygen  present. 
It  would  appear  that.  In  cases  where  extreme 
lightness  is  not  essential,  but  where  it  Is  im- 
portant to  omit  noxious  gases,  such  a  motor 
would  be  Tery  usefnl,'  bnt»  of  coune.  the  tour- 
stroke  motor  can  bo  arranged  to  run  with  an 
equally  good  exhaust,  if  the  power  were  re- 
duced eo  that  there  waa  always  a  co»>lder*ble 
excess  of  OTvpen. 

The  cooling  action  of  the  scavenger  charge 
is  alio  well  marked,  as  in  one  test  only  some 
37'"'  of  the  heat  of  the  petrol  passed  into  the 
cooliuK  water,  and  the  petrol  coutiuniptiuu  per 
brake  harae-power  waa  0.6C  lb. 


HYDRAUUC  PROPERTIES  OF  REGROUND 

CEMENT  MORTARS 


Havlnf  obaenred  In  the  course  of  their 

microscopic  examination  of  f  nu  tit  TTiortars 
that  a  large  proportion  of  the  cement  was 
unaetfld  upon  b?  water  even  after  aabrnwrg- 
ence  for  fong  periods,  Messrs.  Henry  S.  Spack- 
man  and  Robert  W.  Lesley  decided  to  deter- 
mine by  actual  test  the  extent  of  the  hydrau- 
lic properties  remaininR  in  the  cement  after 
it  had  been  gaged  with  water  and  allowed  to 
harden.  Standard  brlquettei  of  neat  cement 
and  of  1  cement  to  3  sand  were  made  from 
carefully  selected  samples  of  a  well-known 
brand.  Theee  were  tested  for  tensile  strength 
and  the  broken  briquettes  were  then  stored 
in  air  in  a  cellar,  and  later  dried,  crushed  and 
reground.  Briquettes  were  then  made  from 
this  m.'iterlal,  and  In  turn  tested,  stored,  dried 
and  reground  for  a  third  set  of  tests.  A 
rough  Indication  of  the  strength  of  the  cement 

after  .such  successive  tn-alnu-ius  can  l>e  had 
from  the  following  averages  of  the  results  of 
teste  28  days  and  over. 

TENSILE   STRENGTH   OF  STANDARD 
BRIQUBTTES. 

IstTest.     I'd  TcHt.     3d  Test. 

Xeat    700  lbs.    360  lbs.    210  lbs. 

1  C  :  3  S   375  lbs.     160  lbs.     110  lbs. 

The  results  of  these  tests  were  presented  in 
a  paper  read  at  the  recent  annual  convention 
of  the  Aaaoclatloa  of  Portland  Cement  Hanu- 


facturers,  and  go  to  show  that  even  after 

(  emont  has  been  twice  gaged  with  water  and 
allowed  to  harden  under  water,  that  all  the 
cementing  and  hydraulic  qualities  are  not  de- 
stroyed, and  that  gaRinK  with  water  and  sub- 
mergence in  water  does  not  retard  the  setting 
time  of  the  reground  cement  as  much  aa 
would  be  expected.  Indeed,  in  the  first  test 
the  setting  time  of  the  cement  on  being  re- 
ground waa  quicker  than  In  the  orlglul 
sample.  A  third  conclusion  is  that  it  is  only 
the  very  One  flour  in  the  cement  that  is  in 
condition  to  react  when  gaged  with  water 

and  to  Rive  strength  to  the  mortars. 

The  fact  that  the  sieving  tests  do  not  de- 
termine accurately  the  percentage  of  flour  has 

been  recognized  in  Europe,  and  various  de- 
vices are  being  experimented  with  to  deter- 
mine this  percentage.    These  investigations 

also  show  conchislvely  that  all  cunimercial 
cements  contain  a  large  amount  of  Inert  ma- 
terial and  that  the  cement  manufaeturer  Is 
auarr>inK,  grinding,  Inirning,  grinding  again 
and  paying  freight  upon  from  50  to  60%  ot 
Inert  material  whldi  could  as  well  he  replaced 

by  siaad.  Under  present  mechanical  conditions 
it  Is  commercially  Impossible  to  grind  much 
liner  than  we  are  now  doing,  bat  one  of  tike 
economies  of  tlie  future  in  cement  manufac- 
ture will  be  brought  about  by  the  perfection 
of  grinding  machinery  thnt  will  avoid  the 
waste  above  mentioned. 


CAST  IRON  MIXTURES:  THEIR  PROPERTIES 

AND  CALCULATIONS* 

By  W.  J.  KEEP 


FoUowliis  are  ctomleftl  oompoattlona  and 

physical  qualities  desirable  in  iron  for  vari- 
ous kinds  of  work,  and  some  mixtureii  tliat 
irill  give  tbem: 

HARD  IRON  FOR  HEAVY  WORK. 

Castings  for  compressor  cyilnders,  valves, 
falgh^pvenuTe  work,  etc 

Chemical  coniposltlon:  Silicon,  1.20  to 
1.50%;  sulpbur  imder  0.09%:  phosphorus 
0.36  to  9.99%;  mangancae,  0.50  to  9.99%. 

Physical  qualities:  Transverse  strength  of 
a  test  bar  1  in.  square  and  12  ins.  long. 
S,400  to  2.000  Iba.;  teiiiile  atreogth  of  tame 
tar,  22.000  to  25,000  lbs.;  shrinkage  In 
yokM.  0.160  in.;  chill  in  yokes,  Q.2&  in. 

Itlstures:  Steel  scrap  to  the  amoaat  of  10 
to  2 5":'  may  be  added  In  the  cupola.  In  a 
foundry  running  both  air  furnaces  and  cupo- 
laa.  for  eastings  of  over  IB  tons,  one^ialf  of 
Iron  from  each  ruay  bo  mixed  In  the  ladle  to 
give  strength.  When  the  amount  of  steel  ex- 
ceeds 10%  a  very  auall  quautltr  of  ahunlanm 
should  be  used  In  the  ladle  to  increase  fluid- 
ity. It  will  remove  all  gases,  prevent  blow 
holes,  and  give  a  very  dose  grain.  A  piece 
of  pure  aluminum  wire  '^-In.  In  diameter, 
and  1  in.  long,  for  each  100  lbs.  of  iron,  Is 
Sttflleient:  do  not  use  so  caUed  "casting  alum- 
Inum."  To  Insure  a  perfectly  sound  Interior 
make  large  castings  as  hard  as  will  allow  of 
machining,  1>y  keeping  the  silicon  as  low  as 
possible.  Select  close-gralnoJ  foundry  Iron 
low  In  silicon,  or  mill  Iron  U  the  grain  of  the 
foundry  grade  Is  too  coarse.  A  dose  grain  In 
pig  Iron  accompanies  a  higher  sulphur  con- 
tent which  is  due  to  a  cold  furnace,  Char- 
eoal  pig  Iron  gives  a  dose  grain  with  low 
•olphur. 

Although  using  scrap  closes  the  grain,  use 
It  sparingly  for  the  strongest  eastings—some- 
times not  more  than  lO'^'c,  to  avoid  introduc- 
ing sulphur.  It  is  safer  to  use  close-grained 
pig,  and  ateel  scrap.  For  eortra  strength, 
use  1  to  10  lbs.  of  ferro-manganese,  either  In 
lumps  in  the  cupola  or  granulated  in  the 
ladlo. 

The  best  way  to  dose  the  grain  and  prs- 
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vent  Bponglnses  la  to  charge  100  Iha.  of 

iron  borlnps  with  each  ton  of  the  mixture 
packed  solid  in  a  covered  wooden  box  6  ins. 
deep.  The  hex  settles  down  to  the  meltlns 
point  before  the  wood  burns,  and  then  the 
borings  melt  and  mix,  without  more  than 
10%  loss,  steel  borings  and  chips  can  he 
used  Instead,  but  aluminum  Is  needed  In  the 
ladle.  Do  not  mix  cast  iron  and  steel  bor- 
ings In  the  same  box. 

In  calculating  mixtures  for  heavy  castings, 
allow  1.50%  silicon  and  0.10%  sulphur  to  be 
contained  In  the  scrap. 

MEDIUM  IRON  FOR  GEN'ERAT.  WORK. 

Castings  for  low  pressure  cylinders,  gears 
and  pinions,  etc 

Chemical  composition:  Silicon,  1.50  to 
2.00%;  sulphur,  under  0.08%;  phosphorus, 
0.8S  to  0.00%;  manganese^  0.00  to  0.80%. 

Physical  qualities:  Transverse  strength  Of 
a  test  bar  1  in.  square  and  12  ins.  long,  2,200 
to  t,400  lbs.;  tenaUe  strength.  20,000  to  22,- 
000  lbs.;  shrinkage  0.154  In.;  chill,  0.15  In. 

Mixtures:  Nos.  1,  2  and  3  foundry  iron. 
Home  and  foreign  scrap  np  to  60%  of  the 
whole  Is  allowable  for  the  best  castings;  or 
more  with  carefully  selected  scrap.  In  cal- 
culating mixtures  allow  1.T6  to  2.00%  alUeoit 
and  0.10%  sulphur  in  foreign  aentP. 
SOFT  IRON. 

For  general  car  and  railway  castings,  pol- 
leys,  small  castings,  and  agricultural  work. 

Chemical  composition:  Silicon  2.20  to 
2.80%  (with  less  the  esstlngs  are  hard,  and 
with  more  they  are  too  weak).  For  large  cast- 
ings, 2.40%  is  a  good  average;  sulphur  under 
0.8S;  phcephorus  trader  0.70;  manganese 
under  0.70. 

Physical  quantities:  Transverse  strength 
of  a  teat  bar  1  In.  sqnare  by  12  ins.  long,  2»000 
to  2,200  lbs.;  tensile  strength.  IS, 000  to  20,- 
000  lbs.;  texture:  To  close  the  grain  use  aa 
high  a  pereentage  of  scrap  as  will  give  soft 
eastings. 

IRON  FOR  FRICTIONAL  WEAR. 
Castings  for  brake  shoes,  firletlim  dutdies, 
•to. 

Chemical  composition:  Silicon,  2.00  to 
8.60%;  tnliMrar  nnder  0.16%;  phoq^homs  un* 
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der  0.7<v^' ;  manganpso  iindpr  o.7(t  ;.  The 
addition  of  splegelelsen  increases  bardneBs. 
CALCULATING  THE  COMPOSITION  OF  AN 
IRON  MIXTURE, 
A  variation  iu  silicon  will  make  castings 
either  hard  or  poroas.  The  grain  of  the  pig 
and  tho  fracturL'  of  scrap  ar»>  Rpnorally  re- 
produced in  the  casting.  The  seller  of  pig 
iron  win  give  a  eloee  apprtntmatlon  to  the 
chemical  composition  of  his  Iron.  The  ordin- 
ary founder  will  not  employ  a  chemist  to  make 
exact  determinations. 

Whether  tho  founder  u^ies  the  approximate 
or  the  accurate  determination  of  his  irons,  be 
dionld  calculate  the  chemical  eompoaltion  ot 
his  tnlxture. 

Make  up  on  paper  the  desired  mixture,  using 
Irons  In  stock  and  figure  from  the  analysis. 

or  estltnate.  of  each  pip:  iron,  the  provionsly 
ealCQlated  composition  of  the  home  scrap,  and 
the  eatlmated  oompoeltlon  of  the  foreign  eerap. 

Multiply  the  pounds  of  each  iron  used  hy  its 
percentage  of  silicon  to  obtain  the  pounds  of 
silicon,  and  divide  the  aggregate  welfftat  of 
silicon  iu  all  the  irons  l)y  the  total  weight  of 
Iron  used,  thus  obtaining  the  percentage  ot 
silicon  In  the  mixture.  Dednct  0.20%  for  loss 
in  melting.  The  remainder  is  the  silicon  In 
the  casting;  and  if  this  is  too  high  or  too  low 
to  produce  the  desired  percentage,  vary  the 

iroDa  and  figure  HKaln:  and  ho  on  until  you 
secure  a  mixture  that  will  be  satisfactory. 

To  arrive  at  the  composition  hy  one  calcu- 
lation: If  vou  are  forced  to  use  (ertain  irons, 
determine  their  weights  by  considerations  of 
economy,  or  of  stock  on  hand  (for  example, 
enough  home  scraii  to  prevent  accumulation; 
enough  foreign  scrap  to  cheapen  the  mixture 
or  to  dose  the  grain,  and  the  desired  itle 
irons)  and  compute  the  total  allicoa  as  hofore. 
Then  adjust  the  percentage  of  silicon  in  the 
mixture  by  calculation  from  two  pig  Irons, 
one  lower  and  the  other  higher  in  silicon  than 
the  percentage  Just  computed,  as  shown  in 
the  following  example. 

An  actual  stove  plato  mixture  was  desired 
having  3.&0%  silicon  In  a  charge  of  3,000  lbs. 
The  chemist's  analysis  card  had  accompanied 
each  car  of  pig  iron.  In  this  case  no  foreign 
scrap  was  used. 

Woljiht      Per  t  i  nt.  Pnuntfl 

In  piiiinds.    Silicou.  Silicon. 

Homo  KiTiip   y-  :i-2r,  ■  L-n.^s 

No.  1  foundry.   MM>  *  '-'.riO  =:  10.00 

No.  2  fmiodry   25«  x  f.ig  =  7.<B 

Ko.  S  fttuadiy   S90  x  1.K3  =  8.8Z 


That  is.  we  needed   1,100  lbs.  of  an  Iron 
having  i.iU'.o  silicon  to  balance  the  mixture. 
We  had  In  stock  No.  1  soft  with  2.96%  sUI* 

con,  and  Ashland  sllvpry  with  7.00«;^;  silicon; 
which  balanced  for  the  4.9-1'.*  as  follows: 

Dal-  TotAl 
D)ffer«iicc8.  Rnc«a.  Part*. 

4.04  No  1  son  2.9S  — i.m    mi  4W 

AHbland  fllvery   T.OO   42.46  .tSti 

l.KK*  -i-  4.05  =  H.Ti  \hs    =  1  t>»rt. 
liOrt  X  2.72  =  5flO  Itiv  cf  No   1  !<otl  naeded. 
IW  y  2.72  —  r>41    Hi-,  of  np«»dp<!. 
Tiikp  Ti.")!)  lb-!,  nf  oni  h  lo  m.ikt'  rvrn  »olKhIS. 

This  example  will  fit  almost  any  foundry 
condition.   The  result  can  he  cheeked  hf  com- 
puting the  silicon  in  each  iron  as  follow*: 
550  X  2.9S  —  16.225 
660  X  7.00  «  88.60 
1.800  ^  60.70 


3,000  X  8.51  106.42 

Allowing  loss  of  silicon  0.20  gives  3.31^^^ 
silicon  in  the  casting.  The  actual  analysis 
was  3.349^. 

If.  on  the  other  h  ird,  vou  have  plenty  of 
each  of  the  irons  iu  stock  and  do  not  care 
what  proportions  yon  «se,  calculate  as  fol- 
lows: 

DiCftr-  ToUl 
encpH.         Dalanon.        Parts  parts. 

Home  Bcmp.  .3.2.^ -4).2.'i  3.V)  .ISO 
No.  1  foundry.lV.'iO— 1.00  320  .150 
No.  2  foun<lry.2.1f4  — 1.:!2  300  »S0  2.SB0 

No.  .1  foundry.  l  .Vt —1.07  3.V>  XA 

No.  I  ioft. .  .2.»r. -«)  .V,  3S0  XiO 

Sitverr  7.00  +3.r.  i  25  +  lOO  +  132  +  i«7  +  r.5  bo9 

li.ftiO  lb«.  =:  2,280  iwrto.    1  part  =  1  Ihs 
Iron.  Parto.  WclKht. 

Home  »rnir>    3.V»      464. H  lbs. 

No.    1   f.iiiiiili'v   .^V>      404.S  *♦ 

No.   2  foundry   Xil*      4«M.S  •• 

.No.  3  fottDdnr   -Vio    •I'M. 8  " 

No.  1  mft   4«M.s 

Pl'vpry    »pO      «7aO  " 


Totnl   XOOi)  lbs. 

But  you  can  only  weigh  dtflerenees  of  50 

lbs.,  so  divide  tho  r^.non  into  multJplos  of  50. 
If  you  wish  to  do  so,  use  6;"iO  lbs.  of  home 
scrap.  Proof. 

.650  X  3.25  =  21.125 

450  X  2.50  ^  11.25 

4S0  X  2.18  s  9.81 

450  X  1.53  6.88 

450  X  2.95  ^  13.28 

650  X  7.00  —  45.50 


3.000 


3  59 


107.84 


1,100 


3.S0 


,V>  70 
=  100.00 


LO.SS  OK  IKON  IN  REMELTING. 
The  following  la  the  only  reliahle  published 
data  nn  remeltlBg  losses  of  which  the  Author 

knows: 

In  a  cnpola  lined  to  52  Ins.  one  ton  each  ot 

several  diffprent  irons  were  mHtcd  nt  one 
time  with  the  results  given  below.  No  iron 
was  thrown  away,  and  the  data  are  reliahle. 
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REINFORCED  CONCRETE 
Poattdt  loM  Pot 


Kind  of  Iron.  pgrtOO.  CMIt. 
A   No.  I  Clitrry  Vuliuj  I'ig  (SI.  2.70  per 

cent.  S.  O.015  p«r  cent   A3  4.7S 

B  Cleaned  new  Btove  plate   1!S0  7.0S 

C  Cleaned  sprues  from  Btove  jitaiA   lao  6.30 

P  New  Blovo  plate  with  saml  n:i   U.no 

E  N«w  apruM  plat«  witb  sand  on   2HU  14.00 

P  OM  •!«▼•  vUt*  icrav  (nifttyl   227  11.35 
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By  pickUns  with  hydrofluoric  acid  it  was 

found  that  pounds  of  the  95  pounds  losa 
oi  A  was  sand  purchased  oo  the  pigs.  Mtll- 
ioff  a  ton  of  F  just  as  purchaaed  showed  that 
50  pounds  of  the  S27  pounds  loss  was  rust 


REINFORCED  CONCRETE  FOR  FIRE- 
RESISTING  BUILDINGS 

By  JAMES  SHEPPARD 

CONDBNSBO  FROM  "OONCBnTB  ANO  OOMaTRUCTIONAL  BNOimBBUlO  " 


Natural  laws,  applicable  to  the  different 
materials  used  in  reinforced  concrete,  need  to 
be  cOBstdered  and  adequately  provided  tor 
-when  constructing  buUdlnga  Intended  to  be 
Are  resisting. 

Much  has  been  made  of  the  fact  that  the  co- 
efficients of  expansion  and  contraction  of  Bteel 
and  concrete  under  changes  of  temperature 
are  practically  the  same,  but  from  the  rela^ 
tlve  position  of  these  materials  when  com- 
bined in  reinforced  concrete,  as  well  as  from 
their  wide  dliference  of  heat  conductivity,  they 
do  not  reach  e(]uul  leuipoiatures  at  the  same 
time  when  subject  to  fire  from  the  burning 
of  goods  stored  in  buildings  constructed  with 
the  materials  named. 

In  a  laboratory  test  concrete  In  one  of  the 
beanur  under  test  expanded  longitudinally  in 
the  length  of  ft.,  %  in.  more  than  a  %-iQ. 
diam.  steel  rod  embedded  therein,  the  differ- 
ence In  expansion  being  obytously  Influenced 
by  the  location  of  the  suna  rod.  Other  In* 
stances  could  be  presented. 

Steel,  according  to  the  best  authorities,  com- 
mences to  lose  its  power  of  resistance  to  stress 
at  a  temperature  of  about  400"  P.,  and  at 
770"  F.  loses  50%  of  such  resistance,  becom- 
ing plastic  at  less  than  1,000°  F. 

Concrete  depends  for  its  permanence  and 
strength  on  the  existence  of  water-carrying 
crystals,  formed  as  the  cement  ssts  and  hard- 
ens, binding  the  aggregates  Into  one  mass.  The 
water  necessary  for  the  maintenance  of  these 
crystals,  and  consequently  for  the  strength  of 
the  concrete,  is  gradually  decomposed  on 
being  subjected  to  a  temperature  of  600^  F. 

As  a  restlit  of  these  inevitable  laws,  con- 
crete, even  when  made  with  good  cement  and 
AS^regates   of  suitable   materia  la   and  alze. 


gradually  deteriorates  when  subjected  to  a 
temperature  of  600"  F.,  and  steel  also  at  a 
temperature  of  about  400*  F. 

It  is,  therefore,  of  the  utmost  Importance 
to  provide  ample  protection  so  that  the  tem- 
peratures named  may  not  reach  any  part  of 
the  concrete  or  steel  needed  for  strucluTai  ata- 
bility  under  full  loads,  which  loads,  in  the 
event  of  fire  amongst  the  good  stored,  would 
be  materially  Increased  by  water  used  tO  eik* 
tinguish  or  prevent  the  spread  of  fire. 

The  corrosion  of  steel  In  reinforced  con* 
Crete  appears  to  result  from  voids  occurring  in 
the  concrete  more  than  from  the  naiure  of  the 
aggregate  used.  To  secure  full  rssistaiioe  to 
fire  it  is  also  Important  that  the  eoncrete  t% 
solid  throughout. 

In  office,  domestic,  or  other  buildings,  which 
would  not  be  subject  to  a  continued  high  tem- 
perature on  the  burning  of  their  contents,  a 
moderate  addition  to  the  thickness  of  concrete 
needed  for  structural  purposes  may  be  suffi- 
cient, especially  if  porous  aggregates,  which 
have  been  found  to  delay  the  decompositloa 
of  water,  are  used  for  the  outer  portions  ol 
the  concrete. 

In  buildings  of  this  class  IH  Ins.  to  8  Ins. 
of  concrete  for  beams,  and  1  In.  for  small  floor 
slabs  in  front  of  all  metal  tKork,  as  stated  la 
the  Report  of  the  Royal  Institute  of  British 
Architect.-i,  iiin>  ho  sufTlcicnt,  liut  even  in  such 
bu'ildlngs  further  protection  tor  heavily-loadsd 
girders  and  rolimns  and  floor  slabs  of  laree 
area  Is  desirable. 

In  extensive  buildings  used  for  the  storage 
of  large  quantities  of  combustible  goods  full 
protection  is  needed,  both  for  the  concrete 
and  the  steel,  it  reliable  resistance  to  fire  Is 
required. 
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The  burnlBir  of  the  ooatents  of  Bueh  bnlld- 

ings  produces  very  high  tompfratures  and 
most  severe  condlUoas,  to  meet  which  more 
perfeot  proteotton  to  the  itraetnre  Is  reQUlred 
than  that  before  referred  to.  The  probnble 
displacement  of  steel  members  when  ramming 
(he  eonerete  needs  also  to  he  considered. 

For  buildings  of  this  character  a  mlnlm  in 
cover  of  1^  ins.  to  2  ins.  for  floor  slabs,  ac- 
eordlng  to  their  area,  load  and  position,  and 
3  ins.  for  beams,  girders  and  columns,  is 
needed  to  secure  reasonable  protection  against 
serious  deflectton  or  collapse  nnder  the  action 
of  nrc,  and  for  providing  the  effective  "pass- 
ire  resistance,"  admitted  to  be  of  the  greatMt 
Importance. 

The  concrete  composing;  this  rover  should 
be  made  with  an  ample  quantity  of  good  Port- 
land cement,  and  aggregates  of  suitable  ma- 
terial and  size. 

Capt.  Sewell.  of  the  United  States  Army  En- 
gineers, whoee  experience  with  regard  to  oon« 
crcto  structures  under  fire  is  most  extensive, 
recommends,  in  a  report  to  his  government, 
a  minfmom  thickness  of  4  Ins.  In  front  of  all 
metal  work,  and  favors  the  use  of  the  right 
kind  of  burned  clay  for  the  outer  portion  of 
avdi  protection. 


There  la  no  practical  dllBenlty  in  provldlttK 

and  fixing  porous  terra-cotta,  molded  so  as 
to  be  securely  keyed  Into  the  concrete  as  this 
la  plaosd  In  position,  and  doubtless  the  best 
results  would  be  serured  by  such  an  ar- 
rangement which  would  allow  of  the  use  of 
"natural  aggregates"  giving  (he  greatest 
strength. 

In  regard  to  the  matter  of  the  thickness  of 
dhrlstonal  straetnres.  It  riionld  be  noted  that 

floors  simply  separate  portions  rif  the  same 
building,  and  can  be  readily  flooded  with 
water,  effectually  preventing  serious  Incrseae 
of  teinperature  on  their  upper  surfaces,  but 
walls  separate  distinct  buildings,  and  their 
surface  can  be  flooded  Uke  floors;  for  this  and 
structural  reasons  it  is  necessary  for  due  pro- 
tection that  party  walls  should  be  much 
thicker  than  floors. 

A  structure  in  concrete  4  Ins.  thick,  r  n- 
taining  a  large  proportion  of  steel,  would  be 
much  less  flre  resisting  than  a  similar  8troe> 
tnre  n  Ins.  thick  containing  a  smaller  propor- 
tion of  steel.  This  is  shown  by  the  result  of 
one  of  the  recent  ofllclal  tests  of  the  British 
Fire  Prevention  Committee  with  a  deep  con- 
crete floor  having  a  very  small  proportion  of 
Steel  reinforcement. 


TESTS  OF  BOND  BETWEEN  PLAIN  STEEL  BARS  AND 

CONCRETE 


A  series  of  tests  employing  both  round  me- 
dium steel  and  high-carbon  sieel  bars  was  re- 
cently made  by  Prof.  J.  L.  Van  Omum  at  the 
testing  laboratory  of  Washington  University, 
St.  Louis,  at  the  Instance  of  the  Board  of  Ap- 
peals of  the  building  department  of  that  city. 

From  an  article  written  by  Mr.  R.  L. 
Viterbo,  In  a  recent  issue  of  "Engineering- 
Contracting."  we  abstract  the  following  facta 
of  Interest. 

The  bars,  ranging  in  diameter  from  in. 
to  1)4  ins.  were  imbedded  In  concrete  prisms 
of  a  uniform  12  x  12-tn.  cross-section,  the 
length  of  Imbedment  being  25  times  the  diam- 
eter of  the  bar  for  medium  steel  bars,  and  40 
times  the  diameter  for  the  high-carbon  steel 
bars.  The  concrete  was  a  1:2:4  moderately 
wet  mixture  of  Red  Ring  cement,  Mississippi 
river  sand  and  gravel.    The  tests  were  made 


90  days  after  the  bars  were  Imbedaed  iu  the 
concrete  prisms. 

All  of  the  showed  that  the  first  slip 

occurrt'd  shortly  alier  tho  elastic  limit  of  the 
steel  had  been  reached,  and  further,  that  after 
the  bond  proper  bad  been  destroyed  there  still 
remained  a  consLdcrablo  skin  friction — in  no 
test  less  than  200  lbs.  per  0Q.  In.  of  bar  sur* 

face.  The  maximum  bond  obtained  per  squnro 
inch  of  surface  iu  <  oniact  was  460  lbs.  for 
medium  steel  (minimum,  870  lbs.),  and  470 
lbs.  for  hlgb-<  arboiL  steel  f  minimum ,  330  Ib.s.). 

As  the  allowable  tensile  stress  on  a  bar  is 
taken  at  40%  of  its  elastic  limit,  it  W*  aaSoDU 
an  allo^abl'"  "nfn  bonding  i;tres8  of  80  lbs. 
per  sq.  iu.  of  contact,  the  friction  of  200  lbs. 
per  sq.  in.  gives  a  Ihetor  of  safety  of  S|i»  la 
ca.se  the  bond  from  any  reason  la  pmniitaTCly 
destroyed. 
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PRESIDENTS  OF  FOUR  NATIONAL  ENGINEERING  SOCIETIES 

CoHiientrd  frrm  tkttcMei  in  ••  Engimrring  Newi,"  Ikrmigk  idUue  murUty  lAr  iUuttratioHt  arr  rtproductd 


CHARLES  >IACDONAIiD. 
Charles  Macdonald,  the  new  President  of  tho 
American  Society  of  Civil  Engineers,  was  born 
In  Gananoque,  Canada,  in  1837.  His  Qrst  ex- 
perience in  engineering  work  was  gained  on 
the  surveys  of  the  Grand  Trunk  Railway,  on 
which  he  was  employed  from  the  time  of  his 
graaiiacioi.  from  school  until  1853.  He  then 
entered  the  Renssalaer  Polytechnic  Institute, 
on  the  advice  of  the  late  Sir  William  Keeler, 
and  was  graduated  from  this  institution  in  1857 
With  the  degree  of  Civil  Engineer. 


From  some  years  following  this  he  was  en- 
gaged in  railroad  work  In  Canada,  but  in  1863 
came  to  tho  United  States  as  an  assistant  en- 
gineer on  thb  Reading  Railroad.  He  had  bcoo 
but  a  short  time  In  his  new  postion  when  the 
invasion  of  Pennsylvania  by  the  Confederates, 
under  General  Lee,  was  threatened,  and  he  en- 
listed with  a  number  of  his  co-workers  in  the 
Northern  army.  At  the  battle  of  Gettysburg 
ho  was  captured,  but  was  soon  released  and 
sent  northward.  He  then  resumed  his  posi- 
tion on  tho  Reading,  and  did  considerable  work 
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OQ  the  coDstrucUoa  of  a  bridge  orer  the  Scliuyl* 
kill  River.  Tbls  turned  lih  Rttentlon  to  bridge 

work,  which  was  soon  to  bocomo  his  life  work. 

In  18fi4  be  entered  into  partaer»bip  with 
A.  B.  Burton,  and  the  firm  floon  made  a  name 

for  itself,  hiillJltig  many  larKe  and  important 
bridges  in  the  East.  About  ten  years  later 
he  became  President  of  the  Delaware  Bridge 
Company,  a  npwly  orpanlzod  conrorn,  and  ro- 
mained  in  this  office  until  18S4,  when  the  com- 
iwiiy  was  dlaaolved  and  Mr.  Macdonald.  with 
several  other  woll  known  bridge  engineers, 
organized  the  Union  Bridge  Company.  Many 
notable  brtdgea  were  built  hy  this  Arm,  amonc 
which  are  the  Poughl«eepslL'  BrldK*'  and  the 
Hawkesbury  Bridge,  in  New  South  Walea.  In 
1900  the  tTnlon  Bridge  Company  was  merged 
with  fhf  Amfrlcan  BridRo  Company,  which 
soon  after  became  one  of  the  constituent  com- 
panies of  the  United  States  Steel  Corporation. 

Some  years  a>co  Mr,  Macdonald  retired  from 
active  business  life,  and  last  fall  he  returned 
to  Qaaanoque,  and  has  again  become  a  resident 
of  the  town  of  his  boyhood. 


»UN.\KD  LAKKV  KK  HOLMAN. 

Mlnard  Lafevre  Holman,  who  has  Just  been 
rboson  as  the  In  ad  of  the  American  Society  of 
Mechanical  Kngineuin  fur  the  coming  year, 
was  bom  In  Mexico.  Maine,  in  1853.  When  he 
was  but  years  old  his  parents  moved  to 

SI.  LouIk,  wht  he  received  his  early  educa- 
tion In  (he  ijublie  Hohnols.  After  graduation 
he  entered  the  Engineering  Department  of 
Washington  University  and  completed  his 
course  there  In  1874.  receiving  the  degree  of 
Civil  Kngineer. 

From  the  time  of  his  graduation  until  1877 
he  wae  engaged  In  architectural  work  In  Wash- 
ington. D.  C.  and  St.  Louis.  In  1877  be  SO- 
copted  a  position  an  a  draftsman  In  the  Watef 
Department  of  St.  Louis,  and  in  1KS7  became 
the  City  Water  Conuulsslonor.  having  charge 
of  the  entire  water  system  of  the  city.  Many 
reforniH  were  inauRurated  in  the  city's  water 
supply  by  Mr.  Holman,  cblef  among  which  was 
his  Installation  of  new  boilers  and  pumping 
engines.  These  have  resulted  In  savins  the 
dty  about  80  per  cent,  of  ite  former  fuel  bills. 

Tn  1899.  hie  third  term  as  Water  Commis- 
sioner having  expired,  Mr.  Holman  went  into 
private  practice  as  a  conaultlng  hydraulic  and 
mechanical  engineer.  In  1900  he  became  Gen- 
eral Superintendent  of  the  Missouri  Edison 
Cunn>:in>.  which  position  be  held  until  four 
yeai-s  ago,  when  he  again  took  up  consulting 
work,  aasoctatlng  himself  with  John  A.  Laird. 


Mr.  Holman  occupiea  an  unusual  position 
tn  the  engineering  fraternity.   Bmlnent  as  an 

hydraulic  and  civil  engineer,  at  the  same  time 
he  has  made  a  wide  reputation  for  him- 
self as  a  mechanical  engineer.   In  1903  he  was 

elected  Vice-President  of  the  American  Society 

Of  Civil  Engineers  and  to  the  same  office  also 
In  the  society  of  which  he  has  Just  been  elected 

President.  Such  honors,  conferred  by  societies 
whose  work  differs  so  widely,  indicate  Mr. 
Holman's  remarkable  versatility  and  activity 
as  an  engineer. 

As  an  hydraulic  expert  be  holds  a  most  en- 
vlahto  repatatlon.  He  has  been  oonsuttlng  en- 
gineer on  the  water  supiiHes  of  many  of  the 
large  Western  cities,  notably  Denver.  Omaba, 
Kansas  City  and  Cincinnati. 

Mr.  Holman  has  oontrlhuted  many  papers  of 
value  to  the^  proceedings  of  both  the  national 
and  St.  Lonto  engtaeertng  societies,  an4  la  a 
clear  aitd  flusiit  writer. 


JOIIX  HAV.S  IIAMMOMK 
John  Hays  Hammond,  the  new  President  of 

the  American  Institute  of  Mininc:  Rnplneers, 
was  bom  lu  San  I'rancisco,  in  1S55.  HiH  early 
education  was  received  in  private  schools  In 
Califorulu.  and  In  these  he  prepared  for  Yale. 
He  graduated  from  the  Sheffield  Scientific 
School  In  1S76  and  later  took  a  three  years' 
course  in  the  School  of  Mines  of  Freiburg, 
Saxony. 

During  the  year  1879  Mr.  Hammond  was  en- 
gaged on  work  for  the  I'nitcd  States  Geological 
Survey  and  In  1880  established  himself  as  a 
consulting  mining  engineer,  which  practice  he 
continued  for  the  next  thirteen  years,  gaining 
for  himself  a  wide  reputation  as  an  expert.  In 
1893  he  left  the  United  States  for  South  Africa 
and  there  acted  as  consulting  mining  engineer 
for  the  British  South  Africa  Company,  the  Rad- 
fonteln  Kstates  Gold  Mining  Company,  the  Con- 
solidated Gold  Fields  of  Soutb  Africa,  and  to 
Cecil  Rhodes.  His  oonnectlon  with  the  Reform 
Movement  in  the  Transvaal,  after  the  Jameson 
raid,  with  which  Mr.  Hammond  was  not  in 
sympathy,  led  to  htai  arrest  and  trial  for  Incit- 
ing treason  and  rebellion.  He  received  the 
death  sentence,  but  this  waa  soon  after  com- 
muted to  fifteen  years  ImprlsoamsBt.  Ho  was, 
however,  soon  afterwards  relessed  on  the  pay- 
ment of  1125,000  fine. 

After  his  retesse  he  returned  to  the  tTnlted 
states  and  from  that  tlnit-  until  1903  was  en- 
gaged in  consulting  work.  During  tbls  period 
he  had  many  connections  with  varioaa  mining 
companies,  having  been  a  director  Id  sevoral 
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concerns  and.  In  1901,  being  elected  president 
of  the  Bunker  HIU  and  Sullivan  Mine. 

In  1902  he  became  Professor  of  Mining  at 
Yale,  but  resigned  to  take  the  position  as  Gen- 
eral Manager  and  Consulting  Engineer  of  the 
Guggenheim  Exploration  Company,  which  posi- 
tion he  holds  at  the  present  day. 

Mr.  Hammond  is  a  wealthy  man.  in  fact  he 
is  said  to  be  the  most  highly-salaried  man  In 
the  world,  but  he  continues  to  work  as  hard 
as  in  the  past.    He  is  forceful  and  energetic, 


Shortly  after  graduation  he  accepted  a  posi- 
tion as  assistant  electrician  with  the  Anglo- 
American  Telegraph  Co.,  and  for  more  than 
four  years,  while  on  board  the  steamship 
"Minia"  was  engaged  in  work  on  repairs  to 
cables,  doing  much  valuable  experimental  work 
locating  faults  in  cables,  etc.  This  position  he 
held  for  four  years,  then  accepting  a  position 
with  the  Brush  Electrical  Engineering  Com- 
pany, for  whom  he  went  to  Madrid,  Spain, 
where  he  was  engaged  in  work  on  power  plants 


and  in  recognition  of  these  qualities  and  his 
world-famed  ability  the  American  Institute  of 
Mining  Engineers  has  chosen  him  for  its  Presi- 
dent for  the  coming  year,  a  fitting  honor  for  a 
man  who  deserves  no  less. 


HKNKY  GORDON  8TOTT. 
Henry  Gordon  Stott  was  born  In  the  Orkney 
Islands.  Scotland,  in  1866.    He  was  graduated 
from  the  College  of  Science  and  Arts  in  Glas- 
gow, where  he  specialized  in  electrical  work. 


and  an  underground  cable  system  for  an  elec- 
tric road.  In  1891  he  took  charge  of  the  work 
of  laying  the  cable  for  the  Buffalo  Light  and 
Power  Company,  Anally  becoming  Engineer 
for  the  company. 

In  1901  he  became  Superintendent  of  Motive 
Power  for  the  Manhattan  Railway  Company, 
and  in  1904,  when  the  elevated  lines  of  New 
York  were  leased  by  the  Interborough  Com- 
pany, took  the  same  position  with  the  latter, 
having  charge  of  both  the  subway  and  elevated 
systeiu^. 
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MATTHIAS  NACE  FORNEY 


Matthias  Nace  Forney,  an  engineering  jour- 
nallst,  mechanical  engineer  and  author  of  wide 
reputation,  died  in  New  Yorlc  City  on  Jan.  11, 
after  a  short  illness,  at  the  age  of  73  years. 

Mr.  Forney  was  born  in  Hanover,  Pa.,  In 
1835.  After  an  ordinary  schooling,  he 
started  in  the  shops  of  Ross  Wlnans,  the  Bal- 
timore 1  o  c  o  m  o  t  i  ve 
builder,  as  an  appren- 
tice. At  the  expiration 
of  his  apprenticeship 
he  entered  the  employ 
of  the  Baltimore  and 
Ohio  Railroad  as  a 
draftsman.  He  re- 
mained in  this  position 
for  three  years  and 
then  entered  business 
in  Baltimore.  After  a 
few  years,  however,  he 
again  engaged  in  engi- 
neering work,  taking  a 
position  in  the  ma- 
chinery department  of 
the  Illinois  Central 
Railroad.  While  there 
be  designed  and  pat- 
ented the  "Forney  Lio- 
comotive,"  afterwards 
widely  used  by  ele- 
vated railroads 
throughout  the  coun- 
try. 

In  1879,  be  entered 
the  field  of  technical 
lournalism,  becoming 
the  as.soclate  editor  of 
the  "Railroad  Ga- 
zette," having  charge 
of  the  engineering  and 
mechanical  departments  of  the  paper.  While 
occupying  this  position  he  published  his  well- 
known  book,  "The  Catechism  of  the  Locomo- 
tive," which  has  received  recognition  the  world 
over  as  a  most  valuable  work  for  all  railroad 
men.  In  1883  Mr.  Forney  sold  the  half  In- 
terest which  he  had  acquired  In  the  "Gazette" 
and  retired.  In  1886.  however,  he  re-entered 
the  Journalistic  field,  buying  the  controlling 
interest  In  the  "American  Railroad  Journal" 
and  "Van  Nostrand's  Knglneering  Magazine." 
These  he  consolidatcl  an  I  puMlshed  under  the 


name  of  the  "Railroad  and  Engineering  Jour- 
nal," which  was  subsequently  changed  to  the 
"American  Engineer  and  Railroad  Journal." 

His  interest  in  this  publication  was  sold  in 
1896  by  Mr.  Forney   and   he   then  retired, 
though  until  his  death  he  was  always  occu- 
pied in  some  manner.    His  mind  was  natur- 
ally very  active  and 
he  had  to  his  credit  no 
less  than  thirty-three 
patents,   the  majority 
of  which  were  for  Im- 
provements in  locomo- 
tives. 

He  was  a  member 
of  the  Master  Car 
Builders'  Association, 
and  as  such  was  ex- 
tremely active  in  the 
work  of  its  organiza- 
tion. When  the  mania 
for  the  narrow  gage 
was  spreading  among 
railroad  men,  Mr.  For- 
ney was  one  of  its 
strongest  opponents, 
and  it  is  doubtless  in 
great  measure  due  to 
his  influence  that  It 
did  not  gain  universal 
adoption. 


Dr.  Coleman  Sellers, 
one  of  the  most  noted 
scientists  and  engi- 
neers of  the  country, 
died  at  his  home  in 
Philadelphia  on  Dec. 
28  at  the  advanced 
age  of  eighty.  He  was 
born  In  Philadelphia  in  1827  and  received  his 
early  education  in  that  city.  At  the  age  of  19 
he  entered  his  brothers'  rolling  mills  in  Cincin- 
nati as  a  draftsman.  In  two  years  he  was 
made  Superintendent  and  General  Manager. 
He  entered  the  employ  of  William  Sellers  ft 
Co.  in  1856  and  remained  with  them  until 
1886,  retiring  then  to  go  into  consulting  work. 
He  was  a  past  President  of  the  American  So- 
ciety of  Mechanical  Engineers,  and  a  mem- 
ber of  almost  every  prominent  learned  society 
in  the  country. 
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JoiniJig  Old  Oojiicreto  to  Mew. — Recent 
Franeli  exp«rim«iita  go  to  show  tbat  tbo  oae 

of  a  cement  wash  at  thr  joint  Is  of  material 
value  In  obtaining  a  good  connection  between 
old  and  sow  concreto  work.  Bzooiklyo  tamp- 
ing of  the  new  work  near  the  joint  acids  ap- 
preciably to  the  strength  of  the  connection* 
wfaether  the  cement  wash  la  uied  at  the  Jotail 
or  not. 


BtKQgth  of  Oovmsated  Steel 

plying  to  an  Inquiry  in  a  recent  issue  of  "En- 
gineering News,"  Mr.  George  H.  Blakely  writes 
to  that  Journal  calling  attention  to  a  fomnia 
derived  from  one  given  by  him  some  ten  years 
ago  in  the  Passaic  handbook:  Safe  load  on 
cormgated  eteel  sheets  In  Ibe.  per  sq.  ft  *» 
16,000  ht  ■:-  L',  where  h  depth  of  corruga- 
tlons  in  Ins.,  t  =  thickn'^ss  of  metal  in  Ins., 
and  L  b  length  of  span  In  ft.  This  formuln 
corresponds  to  a  aafe  flher  atxess  of  10,000  Ibe. 
per  oq.  In. 


An  Km  dent  Steam  Boiler. — A  33S-HP. 
boiler  manufactured  by  the  Rust  Boiler  Co.. 
of  Pittsburg,  and  teetiBd  recently  by  Prot  Wil- 
liam Kent,  of  Syracuse  University,  i-vaporatod, 
according  to  an  Item  In  a  recent  Issue  of  "En- 
gineering News,"  12,216  lbs.  of  water  fWn 
and  at  212"  per  lb.  of  combustible  (I0.50r> 
lbs.  per  lb.  of  dry  coal)  at  6%  above  its  rating. 
When  forced  to  operate  at  210%%  of  Its  rated 
capacity,  the  evaporation  values  were  10.859 
lbs.  and  9.416  lbs.,  respectively,  per  lb.  of  com- 
boaUble  and  dry  coal.  In  the  overload  teat 
7.26  lbs.  of  water  were  ovaporatcil  from  and 
at  212"  per  sq.  ft.  of  heating  surface  per  hoar. 


Strengtli  of  Flanged  Fittings.— From  num- 
eroaa  tests  made  by  the  Crane  Co.,  of  Ghi- 
cago,  and  deserlhed  In  a  recent  Issue  of  "The 
Valve  World,"  the  bursting  pressure  (B)  for 
tees  and  oils,  in  lbs.  per  sq.  in.  u  ST  -i-  D* 
Where  T  Is  the  thiohnees  of  ttie  metal  In  tna., 
D  the  instdu  diamett-r  in  ina.,  and  S  ^  65% 
of  the  tensile  strength  of  the  metal  for  fittings 
«p  to  IS  ina.  diameter  (for  largar  als^,  60%). 


For  working  pressure  divide  the  burstlng- 
presanre  by  n  safety  factor  of  4  to  8.  Fit- 
ting^ of  both  cast  Iron  and  ferro-steel  were 
tested:  the  cast  iron  had  a  tensile  strengih  of 
22,000  llM.  par  aq.  In.,  and  the  ferro-etert  • 
taaallo  ttnosai  of  33,000  ibs.  per  aq.  fa. 


mixture  of  soapsudp,  rotroleum  and  water  has 
been  sprinkled  on  the  roads  of  Boston's  park 
•yatem  and  aooordlng  to  reports  very  aatlsfii^ 
tory  results  have  been  obtained.  Tlio  road 
surfaces  treated  with  this  mixture  required 
lees  aprtnkllng  with  water  than  those 
which  had  not  been  treated.  By  combining 
the  oil  with  soapsuds  and  Water  it  can  be 
applied  without  annoyance  to  users  of  the 
roads;  In  fact,  the  mixture  seemed  to  help  the 
oil  to  penetrate  into  the  road  instead  of  re- 
maining on  tho  anrfaee.  Cottoneeed  oil  soap, 
Texas  petroleum  and  water  were  used.  The 
fisphalt  In  the  Texas  oil  binds  the  road  surface 
and  lessens  the  cost  of  repairs. 


The  Power  Cost  of  Elevating  Material.^ 
According  to  Walter  B.  Snow,  in  the  "Ameri- 
can Machinist,"  the  co.st  of  elevating  matrrial 
does  not  lie  in  the  power  expended,  and  the 
decision  regarding  the  number  of  floors  in  a 
Tnulti-storled  building  Is  therefore  to  be  based 
upon  other  factors  than  the  cost  of  power  for 
that  purpose.  Taking  one  Instance,  of  a  Arm 
lifting  100,000  tons  In  the  counse  of  a  year 
through  an  average  distance  of  25  feet,  he 
shows  that  the  annual  expendtture  for  power 
alone  would  only  be  $2.52.  It  is  easily  seen, 
therefore,  that  the  cost  of  lifting  through  an 
additional  story  is  no  reason  at  all  for  omit- 
ting that  Btory.  The  power  equipment  and  the 
elevating  mechanism  vary  but  slightly  for  any 
reaaimabla  nnmher  of  stories  above  the  ground 


Bllloveeeenee  on  Concretet^lSffloresceoee  Is 

a  name  applied  to  the  yellow  or  white  accu- 
mulations which  frequently  appear  on  con- 
crete surfacee.   These  deposits  on  the  surface 
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are  du«  to  the  fiict  that  certain  ealta  leach  out 

of  the  concrete  and  form  ia  thin  layers  where 
water  accumulates  ou  the  aiulaoe.  These  salta 
are,  aa  a  rule,  sulphatea  of  ealelum 
Bud  masnesium.  Both  salts  are  found 
In  mmy  cements  and  are  slightly  soluble 
In  water.  To  prevent  their  appearance  on  the 
surface  of  the  concrete  it  would  be  necessary 
to  use  cements  entirely  free  from  them,  but 
this  Is  snch  a  difficult  matter  that  It  would 
hardly  pay  for  engineers  to  discriminate 
against  cements  which  contain  these  solnble 
salts.  Hydrochloric  acid  was  recently  em- 
ployed  with  good  results  to  remove  the  efflor- 
escence  from  the  surface  of  a  concrete  bridge 
at  Washington,  O.  C.  The  add  wm  diluted 
with  four  to  five  parts  water  and  the  surface 
was  cleaned  with  ordinary  scrubbing  brushes. 
Water  was  constantly  played  on  the  surface  to 
prt'vi'Dt  the  penetration  of  the  acid.  The 
cost  was  about  60  cents  per  square  yard, 
▲oetie  add  was  also  tried,  bat  was  found  less 
•IfeetlTe  than  hydrochloric. 


The  Strength^  of  Kings  has  been  the  subject 
of  considerable  correspondence  tn  the  columns 

of  recent  Issues  of  "The  EIl^;tnee^,"  London. 
For  ordinary  lifting  rings  of  circular  cross* 
•eetlon,  such  as  are  used  In  connection  with 
chains  and  crane  hooks,  the  maximum  stress  is 

f  «  1.62  W  (D  +  d)  -s-  d*. 
where  W  =  load  suvported  by  ring  In  lbs.,  D 
itiruT  dlailiotcM-  of  ring  in  inchi's,  and  d  -  tlie 
diameter  of  the  iron  or  steel  of  the  ring  in 
Inches.  As  lifting  rings  are  frequently  sub- 
jected to  suddenly  applied  loads,  a  factor  of 
safety  around  10  should  be  used  for  a  ring 
worked  up  from  the  solid;  18  to  16  for  a 
»  <  ](!«  (1  rluB,  aKsuraing  efflci.  tii  y  of  weld  to  be 
from  60  to  Thus,  a  ring  6  ins.  in  in- 

ternal diameter  to  sustain  2,000  lbs.  ranum- 
ini;  f  (safe)  ^  -1,000  Ihs  ]  should  he  made  trom 
stock  approximately  1%  ins.  in  diameter. 


Bnmtog  PulTerfsed  Coal. — In  general,  the 
fli^;l.t  additional  cost  for  pulverizing  is  more 
than  offset  by  the  relatively  higher  price  in 
most  localities  of  either  fuel  oil  or  natural  gas. 
In  sti(  ti  .-iii  iia!  locatioQH.  for  appltrntions  lu 
which  ordinary  coal  is  impracticable,  no  fuel 
la  as  cheap  as  pulverized  coal.  Considerations 
of  speed  In  production  have  led  In  metallnr> 


glcal  and  other  establishments  to  the  wide* 

spread  use  of  oil  or  gas  even  at  a  cost  per 
heat'UiUt  twice  as  great  as  that  of  coal.  Pow- 
dered coal  would  be  equally  convenient 
and  quick,  and  far  more  ecouonilcal, 
for  the  operation  of  varnish  keiUes. 
annealing  furnaces,  drop-forge  furnaces, 
brass  foundry  crucibles,  enameling  furnaces, 
cable-coating  machines,  flanging  fumaoea, 
steam-hammer  ftimacea,  rivet  and  bolt  heat- 
ers, etc.  The  only  possible  competitor  of 
powdered  coal  In  these  applications  would  be 
Industrial  gas.  For  the  steam  automobile, 
the  dispensing  of  dust  fuel  from  established 
depots  would  effect  a  saving  of  about  90%  in 
the  cost  of  fuel,  would  permit  of  perfect  rego> 
lation  from  outside,  continuous  and  automatic 
feeding  of  fuel,  high  effldency.  smokeiessness 
and  deanlinesB. — Wm.  D.  Bnnla,  in  "The  Bn* 
gineering  Uagailne." 


The  DnrabHtCr  of  Goncrete.^In  a  recent 

editorial  In  "Engineering-Contracting"  some 
interesting  statements  are  made  regarding  the 
durability  of  concrete.    The  writer  speaks  of 

the  trouble  all  builders  using  cut-stone  ma- 
sonry experience,  owing  to  the  expansion  of 
the  stone  and  the  consequent  compressive 

force  which  is  exerted  on  the  mortar.  This 
force  is  so  great  that  mortar  in  cut-stone  ma- 
sonry is  sure  to  crumble,  and  thus  Its  eflldency 

in  binding  the  stone  togerhcr  is  reduced  to  a 
minimum.  Ou  the  other  hand,  concrete,  even 
though  made  with  stone  fur  inferior  to  regu- 
lar building  stone,  la  nuich  more  durable  than 
masonry.  In  proof  of  this  need  only  be  citei 
the  fact  that  Soman  concrete,  built  before  the 
beginning  of  the  Christian  era,  is  found  lu  an 
excellent  state  of  preservation  to-day,  despite 
the  fact  that  the  Roman  cement  was  far  in- 
ferior to  the  Portland  cement  of  the  present 
time.  The  reason  for  the  durability  of  con- 
crete Is  found  In  the  fact  that  the  stone  form- 
ing the  ballast  is  surrounded  on  all  sided  by 
cement,  which  protects  it  from  atmospheric 
changes  and  envelops  and  strengthens  the 
stone  so  that  it  cannot  splinter  and  crack 
under  the  changes  of  temperature  to  which  it 
is  subjected.  As  a  result  of  this  protection  af- 
forded by  the  cement,  stone  so  poor  that  It 
would  soon  go  to  pieces  if  used  In  masonry 
will  last  practically  forever  if  used  as  the 
ballast  of  concrete. 


PRATT  INSTITUTE  FREE  LIBRARY 

ITS  DEPARTMENT  OF  TECHNICAL  LITERATURE 
By  EDWARD  F.  STEVENS* 


The  conspicuous  advances  that  have  been 
made  In  the  mechanical  and  engineering 
branches  of  induutry  during  the  last  thirty 
years  have  been  accompanied  by  a  rapidly 
developing  literature  which  embodies  the  re~ 
searches  of  scientists,  the  record  of  engineer- 
ing achievements,  the  cumulation  of  data  and 


superficial  comparison  of  a  present-day  en- 
gineering paper  with  a  standard  artisan's 
Journal  of  1870  is  most  instructive  and  con- 
vincing. And  so  It  has  come  about  that  those 
In  charge  of  public  libraries  have  begun  to 
perceive  that  a  collection  of  books  designed 
to  promote  tbe  well-being  of  a  people  should 
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calculations  from  years  of  exact  experiment- 
ing, and  the  facts  of  the  discovery  and  de- 
yelopment  of  new  applications  of  scientific 
principles.  The  Improvement  In  the  charac- 
ter of  technical  periodicals  has  kept  pace  with 
the  growing  quality  of  the  books.    A  merely 


'Head  Applied  Science  Department.  Pr«tt  lD»tltut«  Free 
Library.   Brooklyn.    N.  Y. 
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include,  even  to  the  point  of  specializing,  a 
well  rounded  assortment  of  material  dealing 
with  the  arts  of  industry.  Early  experiments 
in  this  direction  revealed  unexpected  condi- 
tions created  by  the  very  nature  of  the  new 
literature,  and  the  kind  of  people  to  whom 
this  literature  appealed.  It  was  found  that 
such  books,  if  kept  at  all.  should  be  kept  up 
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to  (late,  that  the  latest  and  best  works  should 
be  accebsiblu  at  all  times  and  in  the  same 
place,  that  earnest  and  studious  seekers  after 
technical  inrormation  should  he  provided  with 
intelligent  and  sympathetic  assistance,  that 
An  imumiAl  elMt  of  miders  should  be  made 
at  ease  In  an  environment  adapted  to  their 
susceptibilities,  and  so  on.  To  meet  these 
conditions  the  Pratt  Institute  Free  Library  in 
Brooklyn,  N.  Y.,  is  maintaining  a  department 
known  as  the  Applied  Science  Reference 
Room.  Three  years  ago  the  librarian.  Miss 
iMbel  Ely  Lord,  instituted  this  department  by 
reserrlng  the  largest  room  on  the  main  floor 
of  the  library  building  as  a  reading  and  ref- 
erence room  for  people  whose  work  related 
to  engineering  and  the  trades,  and  for  stu- 
dents of  science  and  technology  in  the  Insti- 
tute and  elsewhere.  The  Applied  Science  Da- 
partment  has  since  then  grown  steadily  In 
scope  and  usefulness  until  it  may  now  fairly 
claim  recognition  as  a  permanent,  If  not  prom* 
inent,  factor  among  the  edttcatlonal  forces  of 
the  community. 

The  arrangement  and  equipment  of  tlie 
room  have  been  studied  for  the  oonTenlttiee 
of  its  users.  In  open  cases  along  the  walls 
are  shelved  within  eaajr  reach,  a  select  library 
of  books  chosen  as  most  reeent  and  authorita- 
tive in  thoir  resprrtlve  fields.  This  collection 
Is  a  Gomparatlveiy  small  one  and  does  not 
eireulate.  but  ts  always  available  for  eonsnl'- 
tatlon;  and  groat  care  Is  exercised  that  it 
shall  be  kept  abreast  of  the  most  recent  ad- 
vances In  all  departments  of  applied  sdenee. 
At  the  same  time  tbo  lending  library  is  ex- 
panding by  constant  additions  of  technical 
books  of  a  practical  and  Important  cbaracter, 
often  duplicating  works  in  the  Applletl  Sci- 
ence Room — ^the  two  dei>artments  working  to- 
gether to  serve  best  tbn  greatest  number. 
'I'.Tlili's  pravidod  with   lamps  imd  ronifoitable 

chairs  are  arranged  about  the  room,  and  on 
these  are  dlstrlbnted  In  familiar  amy  teeb> 

nical  and  trade  periodicals  grouped  roughly  by 
classes  and,  as  far  as  practicable,  in  conven- 
ient proximity  to  the  books  on  related  snb« 
jects.  Bosidt.'s  these  taMes  for  readinp;,  cer- 
tain other  tables,  free  from  papers  and  fur- 
nished  with  writing  materials,  are  reserved 
for  those  ^iio  wish  to  study,  make  notes,  or 
consult  the  cumbrous  bound  volumes  of  peri- 
odicals or  Patent  OflHee  reports.    The  trans- 

art  Ions  of  tlie  i  hicf  English  anfi  -Xnif^rican 
engineering  societies  are  kept  on  file,  and  an 
eistenslve  and  growing  collection  of  trade  eat- 
alognes,  classllled  and  indexed.  Is  wtthin  easy 


reach  of  those  interested.  Thus  the  Applied 
Science  Room  hoards  a  vast  amount  of  tech- 
nical information.  To  make  this  matter  ac- 
cessible and  to  save  the  department  from  risk 
of  lapsing  into  a  mere  storage  warehouse  of 
such  material  is  the  active  concern  of  the  U- 
brarlan-in-charge.  An  author  and  subject 
catalogue  of  all  books  In  the  useful  arts  and 
related  sdeuccs  in  the  entire  library,  printed 
Indexes  and  bibliographies  are  In  constant 
use;  a  card  Index  of  current  technical  Uternr 
turti  based  on  the  indoxcB  published  monthly 
by  "The  Bnglneering  Digest"  and  "The  Engi- 
neering Magazine."  and  closely  classified  un- 
der subjects,  kc'cps  track  of  Important  articles 
appearing  during  the  course  of  the  year  which 
wou4d  otherwise  be  obscured  In  flies  of  yet 
unbound  and  nnindexed  papers;  records  of 
matters  that  have  required  special  search  are 
registered  and  filed  in  case  the  questions  arise 
again;  book  reviews  are  collated  and  indexed 
and  the  personal  services  of  the  head  of  the 
department  are  always  at  the  command  of  vis- 
itors. 

The  field  covered  in  this  endeavor  Is  »  very 
broad  one,  the  people  served  vary  widely  la 
character  and  attainment,  and  the  limitations 
of  the  work  are  necessarily  definite;  but  this 
effort  of  the  Pratt  Institute  IVee  library,  and 
similar  ones  now  made  by  other  libraries,  to 
meet  a  new  and  insistent  demsnd  have  re- 
ceived a  response  so  nnqnaltfled  as  to  con« 
vince  those  concerned  In  library  work  that  a 
department  of  applied  science  has  now  become 
«a  IndtopMUHibla  adjunct  to  ft  fwU-propor- 
ttoned  public  library. 


BOOK  NOTICES 

THE  STANDARD  HANDBOOK  FOR  ELEC- 
TRICAL ENGINEERS.  —  Written  and 
Compiled  by  a  Staff  of  Specialists.  First 
edition,  1908.  New  York:  IfcGraw  Pub- 
lishing Go.  Flexible  morocco:  4%  x  C% 
Ins.;  pi>.  XX.  +  1,283;  1,271  Illustrations  In 
the  text,  with  mnny  tnMes.    ?t,  net. 

This  work  is  without  doubt  the  most  suc- 
cessful attempt  that  has  ever  been  made  to 

cover  in  a  sln^'le  reference  manual  the  broad 
field  of  practical  electrical  engineering.  It 
consists  of  twenty  sections,  ranging  from  SO 
to  130  paReB  in  length,  which  have  been  pre- 
pared by  engineers  who  are  thoroughly  con- 
versant with  the  subjects  they  write  upon, 
and  who  liiiow  from  ijractlcal  experience  the 
sort  of  information  that  is  most  frequently  re- 
quired by  those  having  oecnsloo  to  nso  andt 
oompUatlons.   To  evidence  this  It  la  only 
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necessary  to  state  that  the  sections  on  traoB- 
formers  and  electric  motors  were  written  by 
A.  8.  HeAntotor  Fh.  D.,  that  on  electric  seo- 
erators  hy  H.  M.  Hobart,  that  on  trnnBtnlssion 
and  distribution  by  the  late  Arthur  Vaugbaa 
Abbott,  tbat  on  lllamliuitloii  by  Louis  Bell. 
Ph.D.,  and  that  on  electric  traction  by  A.  H. 
Armatrons.    As  practically  one-halt  ot  the 
•eetlons  ere  fairly  extea4ed  treetieee  00  their 
respective  subjects,  It  Is  manifestly  Impossible 
to  do  more  In  the  space  here  available  than 
to  nentloB  the»  hf  tlUe.  giving  the  euthors' 
names  and  the  number  of  papes  fievotcd  to  each 
subject,  AS  follows:    Units  (Kenyon>,  20  pp.; 
Electric  end  Megnetlc  Clreutts  (Kenyim),  S8 
pp.;  Measiirements  antl  Mensiirlng  Apparatus 
(Kenyon),  CS  pp.;   Physical,  Electrical  and 
Magnetic  Properties  of  Materials  (Kenyon), 
70  pp.;  Theory,  Construction  and  Tf^'sffng  of 
D.  C.  and  A.  C.  Magnets  (Kenyon),  2  2  pp.; 
Tlieory,   Design,   Testing   and    Operation  of 
Tran.«formers    (McAllister).   7G    pi). ;  Electric 
Generators   (Ilobart  and    Keuyou),    !)S  pp.; 
Electric  Motors  (McAllister),  74  pp.;  Primary 
and  Seconary  Batteries  (Lyndon  and  Kenyon). 
88  pp.;  Central  Stations:  Water- Power  Stations 
(Boardslcy),  Steam  and  Gas-Electric  Stations 
(Shaad),    114    pp.;    Electrical  Transmission 
and      Distribution      (Abbott);  Mechanical 
Transmission     fKenyon),      116     pp.;  Ilitt- 
mlnatton.    (Bcin,    58    pp.;    Electric  Trac- 
tion   (Armstrong),    130    pp.;  Electrochem- 
istry  (Roebcr),  70  pp.;  Telephony  (Miller), 
48  pp.;  Telegraphy  (Kenyon),  40  pp.;  Heatr 
tng,  Weldlnir.  Radiography.  Power  Reaulrod 
by  Machine  Tools,  and  Other  Miscellaneous 
Applications  of  Electricity  (Kenyon),  S8  pp.; 
Wiring   (Onhenl.   44    pp.;  Standardlxatton 
Rules,  42  pp.;  Mathomatlcul  Tables  and  Sta- 
tistics, 22  pp.    A  &3-pase  index,  comprising 
over  C.OOO  Items,  concludes  the  book.  The 
order  of  arrangement  Is   thus  seen   to  bo: 
principles,    theory,    apparatus,  generation, 
transmission,    dfstrlbntlon    and  ntlllsatlon. 
Cross  references  arc  numerous  throughout  the 
work,  duplication  of  matter  being  in  this  way 
avoided  as  far  as  posafble.   The  various  see> 
tlons  have  been  hrousht  down  practically  to 
the  date  of  publication  and  many  gaps  In  the 
Utaratnre  ot  the  subjects  oonaldered  are  thus 
filled.    This  feature   alone   makes  the  pos- 
session of  the  work  a  necessity  to  every  prao> 
ttdng  electrical  engineer,  and  the  eo-ordtnated 
presentation  of  the  subjects  treated  renders 
It  especially  desirable  for  students  and  those 
ivho  have  ooculon  to  reqalra  oondae  and  ciaar 
statements  In  regard  to  electrioal  mattem. 


THE  DISPOSAL  OF  UUNICIPAJ.  RXFUSB.— 
By  H.  de  B.  Parsons,  Consulting  EngU 

neer.  M.  Am.  Soc.  C.  B.  and  Am.  Soe.  M.' 
E. ;  Author  of  "Steam  Boilers:  Their  The- 
ory and  Design."  New  York:  .Toha 
Wiley  &  Sons.  London;  Ghapmaii  &  Hall, 
Ltd.  Cloth;  0x9  Ins.;  pp.  x.  +  ISG; 
73  illustrations,  mostly  full-page  platea. 

In  the  course  of  an  extended  Investigation, 
begun  at  the  instance  ot  the  Department  ot 
Street  Cleaning,  of  Netr  Tork  dtr,  and  hav- 

inff  for  Its  purpose  the  making  of  certain  de- 
signs for  the  disposal  of  some  of  the  dty  ref- 
use, the  author  aequlred  a  cooelderable  fund 

of  data  and  other  valuable  Information  which 
be  herewith  presents  in  concise  form.  The 
object  ot  the  work,  however,  is  not  to  present 
ft  treatise  on  the  design  of  destructor  appa- 
ratus, but  rather  to  state  the  characteristics 
of  the  materials  collected,  the  uses  to  whldk 
they  can  be  put,  the, quantities  that  may  be  ex- 
pected, and  the  principles  underlying  their 
economic  handling.  Chapters  are  Included 
on  the  following  subjects:  Climatic,  geograph- 
ical and  other  conditions;  the  various  classes 
of  waste  materials;  methods  of  collecting,  sort- 
ing and  trimming  refuse;  methods  ot  disposal, 
Including  land  and  sea  dumping^  plowing  into 
soil,  and  incineration;  various  methods  of  In- 
cineration; fuel  and  other  values  ot  refuse, 
with  result  of  evaporative  tests;  snow  re> 
moval;  practical  incineration,  as  carried  on  in 
New  Tork.  English  and  Continental  cities.  Ta- 
bles are  given  of  the  dassiileatlon  of  city 
wastes,  analyses  of  garbage,  sweepings,  etc., 
statistics  regarding  colleotlons,  and  the  ap> 
proximate  calorific  value  of  refuee  as  fneL 


FIELD  SYSTEM. — By  Frank  B    Gllbreth.  M. 
Am.  Soc.  C.  E.    New  York  and  Chicago: 

The  Myron  C.  Clark  Publishing  Co.  Flex- 
ible morocco:  4%  x        Ins;  pp.  194; 

illustrated.    |3,  net. 

The  extensive  contracting  business  of  Mr. 
Frank  B.  Ollbreth,  widely  known  as  the  ex- 
ponent of  the  "cost-pluB-a-fi.\od-sum"  sjrstem 
of  construction,  owes  much  of  Its  success  to 
the  adoption  of  a  code  of  instructions  specially 
devised  for  the  purpose  of  ohtalnlng  the 
proper,  prompt  and  economical  execution  of 
work  at  the  hands  of  his  foremen  In  the  field. 
The  fact  heronitng  known  that  his  construrflon 
superintendents  and  engineers  were  furnished 
with  such  Instructions,  there  was  at  0Dce  the 
greatest  Interest  aroused  on  the  part  of  others 
engaged  in  general  contacting  work,  who  were 
naturally  desirous  of  obtaining  all  poMlbto  tn« 
fittmathm  In  re^rd  to  the  methods  wherebr 
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field  work  w;is  cxpfditioujily  accomplished. 
Learaiug  that  pressure  bad  b«en  brought  to 
bMr  on  sone  of  hia  men  to  revenl  the  con- 
tents uf  what  were  at  the  tlmp  prhate  iiintruc- 
tions,  as  well  as  a  valuable  business  asset,  Mr. 
ailbreth  promiitlr.  and  tn  a  broad-minded 
ppirit.  arffiiiKcd  for  tho  pulilicatlon  of  these 
notes  and  instructions,  thus  throwing  them 
open  to  the  u«e  of  tli«  engbMerfnir  prorenlon, 
and  in  so  doliip  placing  himself  on  rt'conl  ns 
favoring  the  utmost  publicity  in  regard  to 
data,  methods,  costs,  etc. 

The_ various  forms  employed  ihrouKliout  tlu- 
different  stages  of  work  are  given,  with  explicit 
Instructions  for  their  use  In  ordeHdK  ma- 
terials, chockinK  work,  keepinR  time  ph.^i^ts, 
etc  Instructions  are  also  given  on  the  mix- 
Ins  of  cement  and  eoncrete,  the  haudllOK  of 
forms,  usp  nf  rtrlllf:.  rare  of  engines,  air  com- 
pressors and  hoists,  pumping,  etc,  Through- 
ont  the  work  are  Interspeised  tables  and  for^ 
formulas  regarding  weights,  mixtures,  iiower, 
and  a  considerable  number  of  other  items  of 
dally  reearrence,  upon  which  It  Is  desirable 
that  tested  data  should  be  uniformly  employed. 
Contractors  desiring  to  extend  their  business 
beyond  the  purview  of  tbetr  Immediate  InspeO' 

tion  will  do  well  to  giro  up  the  time  required 
for  a  careful  study  of  the  methods  which  Mr. 
Ollbretb  has  found  of  ayall  in  handling  a 

large  number  of  eontrarts  at  one  time  which 
are  distributed  over  a  large  area  of  country. 


A  PRACTICAL  HANDBOOK  ON  THE  DIS< 
TILLATION  OP  ALCOHOL  FROM  FARM 

PRODUCTS.— Including    the  Denaturing 
of  Alcohol  and  a  Synopsis  of  the  New 
Free   Ald-'lirj]   Law  and   tin-  (;o\  iTiiineut 
Rcgulatldiis,     liy   K.  B.   \Vrii,'ht  Second 
Edition,    i;>viHcd   and   Greatly  Enlarged. 
New  York:   Spon  &  Chamberlaiu.  Lon- 
don      E.   A   F.    Spon.   Limited,  in*:. 
Cloth:  5  <  7V2  Ins.;  pp   xll  -  271;  with 
5:1  text  illustrations  and  i  insi  rts  of  plans 
of  dIstlllerleB.  etc.     $1.00.  net. 
Since  the  passage  of  the  law  removing  the 
Internal  revenue  on  denatured  alcohol,  a  num- 
ber ot  works  treating  of  its  manufacture  have 
been  issaed  to  supply  the  demand  for  works 
of  this  character.    Some  of  thcao  have  treated 
the  question  from  a  strictly  scientific  point  of 
view  while  others  have  been  intended  to  serve 
aa  practical  guides  to  those  expeetlng  to  begin 
to  distil  alcohol.    Tbis  book  belongs  to  the 
latter  class.    It  Is  an  excellent  practical  hand- 
book and  Its  250  pages  are  lill'  d  with  ^ulll- 
able  Information  covering  all  phases  of  the 
manufacture  of  alcohol,  descriptions  of  the 
latest  types  of  stills  and  much  excellent  mat- 


ter on  denaturizatlon.  The  fir.st  chapter  Is 
devoted  to  a  discussion  of  alcohol,  its  various 
forms  and  sources.  Its  chemical  structure  and 
properties.  Chapter  IL  deals  with  the  prep- 
aration of  mashes  and  the  process  of  ferment- 
ation. Ifashlns,  Kdatlnlsatlon  and  saeeharl- 
flcation  are  described  in  detail.  Fermenta- 
tion of  various  kinds  is  discussed,  as  well  as 
the  preparation  of  yeast  and  the'  fermenting 
apparatu.«.  Chapter  III.  treats  of  simple  dis- 
tilling apparatus  and  In  Chapter  IV.  the 
author  gives  detailed  descriptions  of  the  mod> 
ern  types  of  compound  stills  and  their  opera- 
tion. Chapters  V.  and  VI.  are  devoted  to  the 
processes  of  rectification  and  malting.  The 
four  following  chapters  deal  with  the  pro- 
cesses of  obtaining  alcohol  from  potatoes, 
cereals,  beets,  molsaws  and  sugar  cane.  Chap- 
ter XI.  treats  of  alenholometry  In  ^;eneral  and 
saccharometry  Is  also  briefly  discussed.  The 
author  deals  with  the  general  arrangement 
and  equipment  of  distillation  plants  In  the 
next  chapter.  Chapter  Xlll.  gives  much  valu- 
able matter  on  denaturing  procoaaos  snd  mix- 
tures. The  last  chapter  is  devoted  to  the  al- 
cohol regulations  in  the  United  States.  A  good 
Index  condudss  the  book,  whldi  will  undoubt- 
edly And  a  wide  sale  on  aecount  of  the  thor- 
oughness of  the  presentation  of  the  subject 
with  which  it  deals. 


GARBAGE  CREMATORIES  TN  AMERICA. — 

Hy  William  Mayo  Vouable,  M  S.,  Assoc. 
M.  Am.  Soc.  C.  E.  New  York;  Jobu  Wi- 
ley &  Soii.K.  London:  Chapman  &  Hall, 
Ltd.  Cloth.  6  X  •»  ins.:  PP-  x.  ^  200;  45 
lllustrationH.    |2,  net. 

This  work  opens  with  a  brief  discussion  of 
the  problem  of  disposing  of  waste  materials, 
some  space  being  devoted  to  an  analytils  of  the 
relative  quantities  of  the  various  kinds  of  ref- 
use and  the  systems  employed  In  collection. 
Incineration  is  then  taken  up  and  principles 
are  set  forth  governing  the  design  of  crema- 
tories for  burning  refuse  without  offense.  An 
extended  chapter  Is  devoted  to  descriptions  of 
successful  crematories  in  operation  in  tbis 
country,  followed  by  another  on  present-day 
British  practice,  with  particular  reJcitnce  to 
the  utilisation  of  refuse  as  a  fuel  for  steam 
production.  Materials  and  methods  of  con- 
Htructlon  are  then  considered  in  a  short  chap* 
ter,  and  a  few  pages  are  given  up  to  data  on 
chimneys.  In  the  closing  chapter  the  author 
gives  suggestions  for  the  proper  dcslga  and 
construction  of  cretnatorics  ba.sed  on  his  expe- 
rience and  investigations,  uud  presents  a  spec- 
ification embodying  his  views.  Praetfcallj 
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every  type  of  crematory  in  use  in  the  United 
States  to  described,  and  a  list  of  lutallatioDS 
is  given  In  order  that  InterMtod  parUea  ma/ 
m&ke  personal  InvesUsatloni  ot  their  work> 
Inga  when  desirable. 


METRIC  WEIGHTS  WITH  ENGLISH  EQUIV- 
ALENTS.— By  Hugh  P.  McCartney.  Lon- 
don: E.  &  F.  Spon,  Ltd.  New  York: 
SpoD  &  ChamberlalD.  1907.  Cloth; 
4x3  Int.   60  oenta.  net. 

This  little  poolcet  book  will  prove  of  use  to 
all  merchants,  builders,  chemists,  etc.,  who 
have  buBtnen  relatlona  with  countries  where 

the  metric  systom  Is  rmnl^vrri  as  the  stand- 
ard. The  tables  show,  in  Knglish  pounds 
ATOlrdupols,  the  relative  value  of  weights  of 
from  1  pram  to  50.000  kilograms.  lu  addi- 
tion there  are  tables  giving  the  equlvaleuis 
in  Troy  weight  of  quantities  from  1  gram  to 
1.000  grams.  This  set  of  tahlos  will  be  of 
especial  use  to  chemistB  and  apothecaries. 
The  hook  gains  additional  value  from  its  con- 
venient size.  It  can  easily  be  carried  In  the 
▼est  pocket  and  thus  be  called  on  for  use  at 
any  moment. 

THE  PRACTICAL  DESIGN  OF  IRRIGATION 
WORKS.— By  W.  O.  BUffh,  M.  Inat  C. 
B.,  SineutlTe  Bnglneer  Ibidmn  P.  W.  De- 
partinent  (Retired).  New  York:  D.  Van 
Nostrand  Co.  Cloth;  6^  x  10%  Ins.; 
pp.  ?,90;  249  iHuHirattottS,  InCladlng  9 
folding  plates.    |6,  net. 

The  object  of  this  work  is  the  presentation 

of  the  principles  whlrh  govern  tho  design  of 
irrigation  works  In  such  a  manner  that  engi- 
neers not  spedfleally  conTersant  wftii  this 
branch  of  practf  n.  iv,  by  means  of  tho  Infor- 
mation thus  ailurded,  be  enabled  to  evolve 
•uttable  plans  for  such  Improrements.  In  or- 
der to  accompl)i>li  this?  the  author  has  adopted 
a  novel  procedure,  which  comtista  of  analysing 
the  plans  of  existing  and  projected  works, 
pointing  out  their  pood  and  bad  features  and 
then  developing  alternative  plans  in  which  Im- 
proTements  suggested  by  the  eritioal  stndy  are 
InrorporatPd.  The  flrf^t  four  rhnptors  are  de- 
voted to  a  study  of  the  various  structures  en> 
terins  Into  irrigation  works,  rack  as  retaining 
walls,  dams,  wetrs,  piers,  arches,  abutments 
and  floors.  The  fifth  chapter  deals  with  by- 
dranltc  fommlas  and  tables  and  tkehr  prac- 
tical application,  and  Includes  several  dis- 
charge tables,  based  on  a  new  and  original 
theory,  which  have  never  before  been  pnb- 
llshed.  The  remalnlrp  chapters  arc  given  up 
to  a  consideration  of  irrigation  works  as  a 
whole,  and  consist  of  tke  pmcUcal  appUen- 


tlon  of  the  results  of  the  theoretical  discus- 
sions of  the  preceding  chapters.  The  titles  of 
these  chapters  are  as  follows:  Chap.  VI.:  Sntt- 

merged  Division  Weirs;  Chap.  VII.:  Under- 
slaices;  Chap.  VIII.:  Canal  Head  Regulators: 
Chap.  13C.:  Canal  Falls;  Chap.  X.:  Canal  Regu- 
lation RrldpoB  and  Escape  Heads;  Chap.  XI.: 
Canal  Croas-Drainage  Works;  Chap.  XII.:  De- 
slfni  of  Channels:  Chap.  XITI.:  Reservofrs  and 
Tanks;  Chap.  XIV.:  Screw  Gear  for  Tank. 
Sluices  and  Roller  Gates.  In  Chap.  VI.  the 
anther  presents  a  new  theory  in  regard  to  the 

frictlonal  reslKianee  offered  to  the  creep  of 
water  through  a  pervious  substratum  com- 
pressed by  the  weight  of  the  auperttmcture, 
and  applies  his  condufllons  to  a  number  of  spo- 
clflc  cases.  * 


Civil  Kugiucring. 

AMERICAN  SOCIETY  FOR  TESTING  MA- 
TS RIALS.— Proceedings  Of  the  10th  An- 
num Meeting.  Held  at  AtlAuUe  City.  N.  J.. 
June  20-22.  1907.  Vol.  VU.   Edited  by 

the  Secretary,  under  the  Direction  of  the 

Cuniniittee  on  Publications.  Philadel- 
phia, Pa.:  The  Society  (Prof.  Edpar  Mar- 
hitrp,  Secy.,  U  nivrrslty  of  Pennsylvania). 
Paper;  6x9  Ins.;  pp.  759;  folding  and 
Other  plates,  and  text  lllustratloas. 

BRUBCKBN  IN  BlflSiNBBTON^A  Text-book 
for  Behoof  and  Practice.    By  C.  Kersten. 

Pnrt  IT.  Arch  Bridges.  Berlin,  Ger- 
many:    Wllhelm  Eriist  &  Sohn.  Paper; 

X  9%  ins.;  pp.  147;  356  illustrations 
in  the  text.  4  marks;  American  price, 
$l.GO;  or  bound  In  doth.  4.S  marka  and 
1 2,  respecUvely. 

BIKPLU8S  DBR  ARHATDR  ITND  DBR  RISSB 

IM  BETON  AUF  DIE  TRAGSICHER- 
HEIT. — By  E.  Probst.  Reports  of  the 
Ro.val  Testing  Institution.  GroKS-Llcht- 
erfehU"  West,  Berlin.  Berlin,  Germany: 
Julius  Springer.  Paper;  7%  x  luVj  ins.; 
pp.  144;  9  plates  and  77  text  illustra- 
tions.  IB  marksi  Amerlean  price.  |6. 

MATERIALBEDARF     UND  DICHTIGKBIT 

VON  BETONMISCHITNGEN.  —  Unter 
BerQckslchtigutiK  der  Zusammenstainpf- 
barkelt  der  Filllstoffe.  By  H.  Xit/.sdie. 
Ia  \\)7.\'^,  Oerniany;  Wilhelm  EuRolmann. 
Paper;  7  <  y %  ins.;  pp.  16;  two  folding 
plates  In  pocket   1.6  marks!  American 

price,  65  cts. 

MOVING    LOADS    ON    RAILWAY  UNDER- 

BRIDGKS.  Iinludini;  Diagrams  of 
BendluK  Moin-nts  and  Sli*'arinji:  Forces 
and  Tables  nf  lCqiiiv;ilent  Uniform  Live 
Loftdfci.  Py  Harry  Baniford,  Assoc.  M. 
Inst.    C.    K.,    Lecturer    on  Knuineerlug 

flawing  and  Design.  Glasgow  University. 
Ijondon,  England:  Vhlttaker  A  Co.  New 
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York:  The  Macmlllan  Co.  Flexible  cloth; 
6^  X  8^  iQS.:  pp.  78;  SO  figures  in  the 
tost.  net. 

BOAD  MAKINQ  AND  MAINTENANCE.— A 
Practical  Treatise  for  Engineers,  Survey- 
ors, nnd  Others.  With  an  IT'storical 
Sketch  of  Ancient  and  Modeii.  i'mtlice. 
By  Thomas  Altken.  M.  Inst.  C.  E.,  Sur- 
veyor to  the  Couuly  Council  of  Fife,  Cu- 
par Divl.'jlon.  Second  Edition,  Ivondon, 
England:  Pharlcs  Griffin  &  Co.  Cloth; 
G   ■   y  H   Ins.;   pp.  5 !.'[>;    167  illustrations, 

partly  In  the  text.  218..  net;  American 
price.  18.40. 

STRENGTH  OF  MATERIALS.— A  Manual  for 
Students  of  EnplnecrinR.  Bv  William 
Charles  Popplowell,  Assor.  M.  Inst.  C.  E., 
Lecturer  on  SlreuKth  of  Materials.  Theory 
of  Structures,  and  Hydraulics,  at  the 
Manchester  Municipal  School  of  Technol- 
ogy. Edinburgh  and  London:  Oliver  ft 
Boyd.  Cloth;  6^x9  Ins.;  pp.  180;  108 
illustrations,  mostly  in  the  texL  6b., 
net;  American  price,  $2,  net. 

STRUCTURAL  DRAWING.— By  C.  Franklin 
l^dniiimter.  Instructor  lu  Deiuirtineiit  of 
Fine  and  Applied  Art.s.  Pratt  Institute, 
Brooklyn,  N.  Y.  Published  hv  the  Author. 
("Supplied"  by  David  Williams  Co.,  New 
York.)  Cloth;  8%  x  7%  Ins.;  pp.  148; 
74  nii-Rtrationa,  mostly  In  the  text.  $2.50. 

TESTS  OF  REINFORCED  CONCRETE 
BEAMS. — Series  of  19 QO.  By  Arthur  N. 
Talbot.  Baltetln  No.  14,  UalTeralty  of 
IlUnola  Agrienltunl  B^rfmmt  Station. 
Urbana,  111.:  The  Unlrenltr.  Paper; 
6x8  laa.;  pp.  86;  14  ninatrattoiiB.  moatly 
In  the  text 

Klectrlcal  WngtiMxrlag. 

AN  INTRODtiCTION  TO  THE  STUDY  OF 
ELECTRICM.  ENGINEERING.  —  By 
Henry  H.  NnrriJ!,  M.  E.,  Professor  of 
Electrical  Engineering,  Sibley  College. 
Cornell  University.  M.  A.  I.  E.  E..  etc. 
New  York:  John  Wiley  &  Sons.  London: 
Cbapman  ft  Ilall,.  Ltd.  doth;  6x9 
iiu.;  pp.  T  +  404;  179  Ulustratlona.  |2.50 
net. 

BXri:iUMENTAL  ELECTRICAL  ENOINEER- 
INQ. — And  Manual  tor  Electrical  Teat- 
\ng.  For  Bnglneen  and  tor  Stadents  In 
Engineering  Laboratorlea.  By  V.  Kara* 
petoff.  New  York:  John  Wiley  ft  Sons. 
London:  Chapman  &  Hall.  Ltd,  Cloth: 
6x9  ins.;  pp.  xxxiv  -i-  790;  538  illustra- 
tlona.    |€.  net. 

Mattaematlcft. 

PLANE  AND  SPHERICAL  TRIGO.NOMETRY. 
—By  A.  M.  Buchanan,  LL.D.,  Professor 
of  Mathematics,  Cumberland  University. 
New  York:  John  Wiley  &  Sons.  Lon- 
don, England:  Chapman  &  Hall,  Ltd. 
Cloth;  6%  X  9\i  Ina.;  pp.  86;  80  flgurei 
In  the  text.    |1,  net. 


Mechanical  KaglneerlBg. 

HOW  TO  BURN  ILLINOIS  COAL  WirHODT 
SMOKB.P— By  L.  P.  BreAenndge.  Bulle- 
tin No.  16,  Engineering  Experiment  Sta- 
tion, TJnlTerslty  of  Illinois.  Urbana,  111.: 
The  T'nlver.slty.  Paper;  6  x  'J  ins.;  pp. 
44;  11  Illustrations,  mostly  in  the  text. 

lEACHINE  DESIGN.— By  Albert  W.  Smltli.  Dl- 
rector  of  Sibley  GoUege,  Cornell  Vnlver^ 
•Ity,  and  Onido  H.  Ifars.  Asmc.  Prof. 

Mech.  Engg.,  LeJand  Stanford,  Jr.,  Uni- 
versity. Second  Edition,  revised  and  en- 
larged. New  York:  John  Wiley  &  Sons. 
London:  Chapman  &  Hali,  Ltd.  Cloth; 
6x9  Ina.;  pp.  x  *  888;  878  lUnetratlona. 
»3. 

mtPINa  BNOtNBS  FOR  WATER-WORKS. 
—By  Cbarlea  Arthur  Hague,  M.  Am.  Soc. 
C.  E.,  M.  Am.  Soc.  M.  E.    New  York: 

McGraw  Publishing  Co.  Cloth;  6x9% 
In^;  pp.  372;  113  illustrations,  partly  in 
the  text.  15. 

THE  OAS  ENGINE.— By  Predertek  Renuen 
Button.  Emeritus  Profeeior  of  Mechan- 
ical Bnelneering  in  Columbia  University. 
Third  Edition,  thoroughly  revised.  New 
York:  John  Wiley  &  Sons.  London: 
Chapman  it  Hall,  Ltd.  Cloth;  6x9  ina.; 
pp.  XX  +  562;  241  illustrations.  |E. 

THE  GAS  BNOINB  IN  PRINCIPLB  AND 
PRACTICE. — Consisting  of  Articles  Pub- 
llsbed  in  "Gas  Power"  and  Other  Descrlp- 
tlTO  Hatter  and  Tables.  Written  and 
Compiled  by  A.  H.  Goldlngbani,  Methan- 
ical  Engineer  and  Expert,  Author  of  Oil 
Engines;."  St.  Joseph,  Mich.:  Gas 
Power  i'ublishlng  Co.  Clotb;  6  x  8)4 
ins.:  pp.  195;  107  Ulttstratlons  in  the 
text  11.50. 

Mining  Engineering. 

MINE  GASES  AND  EXPLOSIONS.— A  Text- 
Book  for  ScJiools  and  Colleges  and  for 
General  Uefurence.  By  J.  T.  Beard,  C.  E., 
E.  M..  Principal  of  the  School  of  Mines 
(Coal  Mlninfr  Division).  International 
Correspondence  Schools,  etc.  .New  York: 
John  Wiley  Sous.  London:  Chapman 
&  Hall,  Ltd  Cloth;  6  x  7%  Ins.;  pp. 
xvii  +  402;  68  iihistrattong.    |3,  net. 

TECHNICAL  METHODS  OF  ORE  ANALYSIS. 
— By  Albert  H.  Low.  formerly  Chief  As- 
sayer.  United  States  Mint,  Denver.  Third 
Edition,  revised  and  enlarged.  New 
York:  John  Wiley  ft  Sons.  London: 
Chapman  ft  Hall,  Ltd.  Cloth;  ppu  zU  -i. 
344;  13. 

MlsceDaneo«M. 

MODERN  PIGMENTS  AND  THEIR  VEHI- 
CLES.^— Their  Properties  nnd  Usee  Con- 
Piderpd  .Mainly  from  the  Practical  Side, 
and  How  to  Make  Tints  From  Them.  By 
FToderiok  Maire,  formerly  Editor  of 
"Painting  and  Decorating."  New  York: 
John  Wiley  ft  Sons.  London:  CbHMnn& 
ft  Hall.  Ltd.  Cloth;  S  x  1%  Int.;  pp.  >| 
+  8(8:  tJ. 
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The  publication  of  material  in  this  section  i»  not  paid  for.  While  it  partakes  more  or  less  of  the  nature  of  ad' 
tertising  of  the  firms  mentioned,  it  in  intended  an  reriew  notices  of  some  of  the  more  important  catalogues  received 
describing  new  features  in  machinery,  materials,  jtrocesses,  etc.,  of  interest  to  the  engineering  profession. 


THE  HOME  SHOW. 

During  the  week  of  May  2-9,  The  Home  Ex- 
hibits Co.,  Inc.,  of  52  Broadway,  will  hold  an 
exposition,  known  as  the  "Home  Show,"  at 
Grand  Central  Palace.  New  York  City.  The  ob- 
ject of  this  exhibition  is  to  bring  together  those 
already  owning  homes,  those  who  contemplate 
building  them,  and  those  whose  business  it  is 
to  construct,  furnish  and  decorate  them. 

The  time  selected  for  holding  the  show  la 
strikingly  opportune,  as  It  is  at  this  season  of 
the  year  that  those  contemplating  the  erectloii 
of  a  suburban  or  city  home  are  most  interested 
in  viewing  the  various  building  materials,  heat- 
ing and  lighting  apparatus,  plumbing  supplies, 
fireplaces,  mantels,  floorings,  wall  papers  and 
other  wall  coverings,  etc.;  together  with  the 
numerous  decorative  and  utilitarian  devices, 
such  as  chandeliers,  electroliers,  radiators  and 
furnishings  of  various  kinds,  in  addition  to 
innumerable  labor-saving  inventions  now  ob- 
tainable for  use  in  the  modern  home. 

During  the  past  two  years  more  home  sites 
have  been  purchased  in  and  around  New  York 
City  than  In  any  like  preceding  period  and 
the  coming  seasons  promise  to  Inaugurate  an 
era  of  home  building  on  a  magnitude  never 
before  witnessed.  This  and  the  nature  of  the 
exposition — one  appealing  to  the  Interests  of 
practically  every  adult  member  of  the  ten-mill- 
ion population  of  the  metropolitan  district,  and 
not  merely  to  those  of  special  classes,  as  have 
most  of  the  successful  shows  held — have  so 
favorably  impressed  those  engaged  In  the  man- 
ufacture and  supply  of  materials,  that  already 
a  considerable  portion  of  the  available  space 
has  been  taken,  and  the  remainder  is  being 
spoken  for  at  a  rapid  rate. 

In  addition  to  the  exhibits  proper,  the  man- 
agement has  arranged  for  a  number  of  special 
attractions,  including  a  series  of  concerts  to  be 
rendered  every  afternoon  and  evening. 


NEW  METHOD  OF  DUPLICATING  DRAW- 
INGS. 

A  new  process  whereby  copies  can  be  made 
of  any  opaque  ink  drawing  in  black  lines  and 
upon  any  kind  of  paper  or  cloth,  tracing 
cloth  included,  has  been  recently  perfected  by 
The  Electro-Sun  Blue  Print  Co.,  of  44  Broad 
St.,  New  York  City.  Any  defects  In  the  orig- 
inal tracings  or  drawings  will  not  appear  in 
the  copies,  and,  unless  the  originals  are  abso- 
lutely defaced,  perfect  copies  can  be  obtained. 
If  desired,  any  part  of  a  drawing  can  be  omit- 
ted, as  well  as  any  changes  incorporated.  The 
copies  are  of  the  same  size  as  the  original, 
all  shrinkage  being  obviated  in  the  process. 
Colors  other  than  black  can  be  used,  if  pre- 
ferred. The  process  is  an  inexpensive  one, 
and  those  requiring  a  class  of  work  of  superior 
quality,  approaching  In  excellence  that  accom- 
plished by  lithographic  methods,  will  do  well 
to  communicate  with  the  company  for  addi- 
tional particulars. 


THE     PROTECTION     OP     WOOD  PIIiING 
AG.\IN8T  MARINE  WOOD  BORERS. 

Railway  engineers  have  planned  and  worked 
for  years  to  prevent  the  action  of  teredo,  lim- 
noria  and  other  marine  wood  borers  which  de- 
stroy the  piles  of  docks,  wharves,  bridges  and 
trestles  in  the  regions  where  salt  water  is  to 
be  spanned.  These  destructive  worms,  it  ap- 
pears, are  found  every  year  farther  and  far- 
ther north.  Tn  fact,  Barnogat  Bay  and  even 
Jamaica  Bay  in  Long  Island  are  more  and  more 
frequented  by  these  wood  destroyers. 

It  is  an  interesting  fact  to  note  that  It  ii 
possible  for  a  single  mollusk  of  this  type  to 
hatch  a  billion  of  Us  sporadic  offspring.  At 
this  early  stage  of  the  teredo.  It  is  also  micro- 
scopic and  moves  about  In  the  water  and  at- 
tacks any  woodwork  which  may  have  been  left 
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LOCK  JOINT  TILE  PILE  PROTECTION. 


exposed,  entering  It  by  a  bole  not  larger  than 
a  pin  head.  After  they  have  started  their  bor- 
ing they  grow,  not  only  in  length,  but  also  In 
diameter,  and  sometimes  have  been  known  to 
have  reached  diameters  as  great  as  three- 
fourths  of  an  Inch.  The  teredo  Is  whitish  In 
color,  and  has  two  small  flexible  tubes  or 
Biphona  continuously  extending  Into  the  water 
from  the  small  entrance  hole  in  the  wood.  It 
is  very  Important  that  these  vital  organs  be 
constantly  .  submerged  In  comparatively  pure 
salt  water,  as  It  is  through  these  organs  and 
from  the  water  that  the  teredo  gets  his  nourish- 
ment. Thus  it  is  that  any  substance  which  will 
permanently  cut  oft  the  surface  of  the  wood 
from  contact  with  pure  salt  water,  will  not 
only  kill  the  teredos  that  are  already  In  a  pile, 
but  win  prevent  the  entrance  of  other  teredos. 
Various  methods  have  been  tried  with  more  or 
less  success,  such  as  the  driving  of  thousands 
of  round-headed  iron  tarks  closely  together 
Into  the  pile,  copper  sheathing,  spirally  wrap- 
ping the  pile  with  tarred  burlaps,  coating  con- 
crete shells  around  the  pile,  stringing  ordinary 
Bower  pipe  over  the  top  of  the  pile  and  then 
filling  In  with  sand,  etc.,  etc.;  but  all  of  these 
are  open  to  objection,  on  account  of  expense, 
corrosion,  liability  to  detachment.  Inability  of 
the  protection  to  automatically  adjust  itself  to 
a  receding  mud  line,  Inmnvenienre  In  repairs, 
etc. 


The  lock  joint  pipe,  made  by  the  Lock  Joint 
Pipe  Company,  346  Broadway,  New  York,  is  a 
system  which  has  been  devised  for  the  purpose 
of  obviating  these  defects,  and  consists  of  sec- 
tions of  concrete  pipe  made  In  halves  so  as 
to  be  placed  around  a  pile  and  then  filled  with 
sand.  The  Joints  are  locked  and  sealed  tightly 
so  as  to  bold  the  finest  sand.  Thus  it  Is 
claimed  that  the  pipe  does  not  adhere  to  pile 
but  settles  gradually  and  follows  the  mud  line, 
always  keeping  the  pile  protected  throughout 
the  field  of  attacks  of  the  marine  wood  borers. 
It  is  thus  impossible  for  the  teredo  to  enter  a 
pile  above  this  protection  and  live  so  long  as 
this  protection  stands  above  the  high  water 
mark. 

This  system  can  be  applied  to  old  structures 
as  easily  as  to  new  without  removing  the  deck, 
without  Interfering  with  traffic  and  with- 
out the  necessity  of  employing  a  diver  and 
his  expensive  outfit.  Inspection  Is  a  simple 
matter  since  sand  showing  at  the  top  assures 
sand  In  place  down  to  the  lowest  mud  line. 

It  Is  to  be  remembered  that  the  life  of  the 
teredo  depends  upon  his  ability  to  be  contin- 
uously In  contact  with  salt  water  of  compar- 
atively pure  quality,  and  the  placing  of  the  lock 
joint  pipe  around  the  pile  smothers  the  teredo 
Inasmuch  as  it  cuts  off  his  access  to  pure  salt 
water. — From  literature  of  the  Lock  Joint  Pipe 
Co. 


DigitizcL. 


INDUSTRIAL  ENGINEERING 


195 


Portion  of  Pile        Ufe-8U«'  Picture 


Destroyed   by  of  Teredo. 

Teredo. 

HEATING  AIND  VENTILATIXO   A  LARGE 
FACTORY  PLANT. 

It  Is  becoming  more  and  more  recognized 
among  engineers  that  the  only  practical  way 
of  heating  a  factory,  both  as  regards  efficiency 
and  economy.  Is  by  some  form  of  the  fan  sys- 
tem. In  this  system,  the  air  is  blown  by  means 
of  the  fan  over  beating  coils,  which  usually 
utilize  the  exhaust  steam  of  the  fan  engine,  and 
thence  carried  through  ducts  to  tlie  various 
parts  of  the  building.  A  brief  description  of 
this  system  of  heating  and  ventilating,  as  re- 
cently Installed  by  The  Buffalo  Forge  Com- 
pany, of  Buffalo,  N.  Y.,  at  the  Goo.  N.  Pierce 


Co.'b  new  automobile  manufacturing  plant.  In 
the  same  city,  may  prove  not  without  interest. 

This  plant,  one  of  the  largest  and  most  mod- 
ern factories  In  the  world,  consists  of  eight 
buildings,  covering  about  fifteen  acres  of 
ground,  which  are  built  entirely  of  reinforced 
concrete.  After  considering  the  matter  very 
carefully,  The  Buffalo  Forge  Company's  en- 
gineers decided  that  the  best  method  would  be 
to  place  a  separate  heating  plant  in  each  of  the 
five  larger  buildings. 

A  small  portion  of  each  of  the  buildings  de- 
cided upon  was  partitioned  oft  and  the  heating 
apparatus  Installed  therein.  Briefly,  each  out- 
fit consists  of  an  engrlne-driven  fan,  drawing 
the  air  from  outside  through  heater  colls, 
which  are  supplied  with  either  live  or  exhaust 
steam.  From  the  fan  the  air  is  led  through 
ducts  underneath  the  buildings  and  up  through 
risers  in  the  various  rooms.  These  tunnels 
through  which  the  air  is  led  are  built  of  con- 
crete and  in  some  cases  measure  as  much  as 
6  X  7  ft.  in  cross-section.  In  the  manufac- 
turing building,  which  is  400  x  155  ft.  and  20 
ft.  high,  and  has  a  total  cubic  contents  of 
about  1,350,000  cu.  ft.,  the  following  apparatus 
was  Installed:  Fan,  with  blast  wheel  113  ins. 
In  diameter  by  54  Vs  ins.  wide,  with  %-in.  steel 
plate  housing,  driven  by  a  direct-connected  10 
X  10-ln.  horizontal  slde-cranlc  engine,  at  a 
speed  of  175  r.p.m.  This  fan  has  a  guaranteed 
capacity  of  61,000  cu.  ft.  per  min.  The  heater 
for  this  building  alone  contains  nearly  two 
miles  of  1-in.  pipe.  The  stock  building, 
measuring  400  x  35  ft.,  with  an  average  height 
of  about  20  ft.,  contains  about  280,000  sq.  ft. 
The  requirements  here,  of  course,  are  not  bo 
great  and  a  smaller  blast  wheel,  measuring  64 
Ins.  in  diameter  and  30  ins.  wide,  driven  by  a 
direct  5  x  5-in.  vertical  engine  at  a  speed  of 
290  r.p.m.,  giving  the  fan  a  capacity  of  17,000 
cu.  ft.  of  air  per  min.,  are  sutflcient.  The  As- 
sembly Building  is  one  of  the  largest,  being 
400  X  120  ft.,  with  an  average  height  of  40  fL, 
and  contains  about  1,920,000  cu.  ft.  This  is 
heated  and  ventilated  by  a  fan  with  blast  wheel 
10  ins.  in  diameter,  of  the  full  housing  type, 
driven  by  a  direct-connected  10  x  10-ln.  engine 
at  a  speed  of  164  r.p.m.  It  has  a  capacity  of 
68,000  cu.  ft.  of  air  per  min.  In  the  heater 
coils  in  this  building  were  used  9.912  lln.  ft.  of 
1-ln.  pipe.  The  apparatus  In  the  other  build- 
ings is  on  a  similar  large  scale,  each  set  being 
specially  designed  to  suit  Individual  needs  for 
heating  and  adequate  air  supply. 

All  of  the  above  fans  are  constructed  of 
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heavy  steel  piatp.  with  forged  stocl  shafts 
turned  to  size.  The  eugiues  u&cd  uru  specially 
designed  for  fan  driving,  and  are  the  ntan- 
darrl  Buffalo  Forgo  Fan  Engines.  Tho  heaters 
are  all  built  on  the  Buftalu  sectional  base  plan, 
with  steel  idpee  serewed  into  cast-iron  bases. 
They  arc  connected  so  as  to  be  controlled  sep- 
arately, and  so  that  they  may  be  supplied 
with  live  steam  when  sufficient  exhaust  Is  not 
available.  They  are  tested  under  ISO  lbs.  wa- 
ter pressure  before  leaving  the  factory.  Tho 
apparatus,  as  iiistalled»  Is  guaranteed  by  the 
manufacturer  to  heat  these  buildings  to  70' 
F.  when  the  outside  temperature  is  10°  below 
sero. 


VACVUH  PDHPS  FOB  DIBTV  WATER. 

"A  pump  operating  on  tho  vacuum  principlo 
possessus  decided  advantages  where  sand  or 
other  gritty  material  Is  contained  In  the  water, 

and  the  rcinarkalilo  Hfihtncss  of  weight  and 
ease  with  which  its  location  can  be  changed 
as  excavation  work  shifts  or  mine  shafts  are 
sunk  ]o\v<'r  ;inrl  low^  r.  mako  this  type  of  pump 
particularly  useful  in  unwaterlng  cofferdams, 
caissons,  mines,  quarries  and  Isolated  work  of 
all  kinds. 

"The  Idea  of  raising  water  by  the  condensa- 
tion of  steam  In  a  chamber  and  then  forcing 

it  up  to  ri  stin  liI[;hiT  levfl  hy  the  dlrfrt  pres- 
sure of  steam  on  the  surface  of  this  water  in 
the  same  chamber,  originated  with  Capt  Thos. 
Savery,  who,  in  1698,  patrnlod  hia  colohrated 
'fire  engine.'  Properly  speaking,  his  device 
was  not  an  engine,  but  a  sort  of  pump,  a  fore- 
runner of  the  pn  seiit  Emerson  stoani  pump. 
In  operating  Thos.  Savery's  engine  one  cyl- 
inder was  filled  with  steam,  the  steam  Talve 
was  closed  b\  th*'  operator  ami  a  f<pray  of  wa- 
ter was  then  injected  into  the  steam.  The  con- 
tinual serviees  of  a  man  were  needed  to  ope- 
rate the  »team  valve  and  an  almost  eontlnnous 
stream  of  water  was  delivered. 

*'In  general,  the  Bmerson  pump  consists  of 
two  \unfi  cigar-sliapcd  cylinders  rr  rtn .  Iving 
tanks  each  connected  at  the  bottom  through 
upward  opening  valves  with  the  suction  pipe; 
and  al.so  coniierf*  3.  ;i;?aln  with  upward  open- 
ings valves,  with  the  discharge  pipe,  thus  hav- 
log  but  four  valves  In  all  for  the  average  stan- 
dard pump. 

"In  the  Emerson  pump  the  steam  ia  used 
twice.  First  It  presses  directly  down  on  the 
Burface  of  the  water  in  the  chamber  and  forces 
It  out  through  the  discbarge  pipe.  Second,  this 
same  steam  Is  Itself  then  Ruddenly  condensed. 


creating  a  vacuum  which  refills  that  chamher 
with  a  ntiW  charge  of  water. 

"The  mechanism  for  controlling  the  admis- 
sion of  steam  alternately  to  the  two  cylinders, 
is  all  encaaed  so  as  to  be  entirely  protected 
from  any  danger  of  injury  or  clogglikg  by  dirt 
or  other  accumulation.  The  Emerson  pump 
can  be  operated  with  perfect  success  although 
nine-tenths  submerged  in  water.  The  admis- 
sion and  cut-oft  valve  is  a  flat  rotnry  valve 
turned  by  a  very  small  engine  which  is  hidden 
in  the  upper  end  of  the  pump,  the  exhaust  pipe 
of  which  empties  Into  the  suction  pipe  of  the 
pump.  Thus  no  steam  is  liberated  and  this 
pump  Is  Ideal  for  undeqpround  work  wher* 
frreaBy  steam  In  the  air  Would  cause  dtsoom- 
fort  for  the  workmen. 

"A  saving  of  at  least  In  the  amount  of 
fuel,  one  of  the  main  advantages  claimed  for 
the  Emerson  pump,  is  the  result  of  early  steam 
eut-off,  which  Is  made  possible  by  the  design 
of  the  rotary  slide  valve  «?tenm  ports. "—From 
literature  of  the  Emerson  Steam  Pump  Co., 
Alexandria,  Va. 


NOTES  cnr  vnsBh  piuno. 

"In  (he  first  place  It  Is  of  tho  utmost  impor- 
tance that  a  shape  of  metal  be  selected  which 
has  the  greatest  possible  strength  and  stiffneas 
with  the  minimum  weiKht  of  metal.  "U'hert 
being  driven  a  steel  sheet-pile  is  subject  to  the 
conditions  of  a  column  loaded  at  both  ends,  one 

•  ii']  load  being  the  resistance  of  the  pround, 
the  other  being  the  blow  of  the  liammer,  and 
It  Is  at  tills  time  particularly  that  the  steel 

sheet-pile  !s  subject  to  lis  most  severe  duty, 
and  then  stiffness  is  paramount,^  In  fact,  the 
greater  the  stiffness  the  essler  It  irlll  drive,  bo> 
cause  all  tho  force  In  the  blow  of  the  barnmer 
is  usefully  employed,  while,  if  the  sheet  pile 
has  not  the  required  stiffness  It  will  soon 
buckb'  In  any  kind  of  hard  soil,  and  then  most 
of  the  force  in  the  blow  of  the  hammer  Is  spent 
or  abeorbed  In  Increasing  the  distortion  of  tho 
sheet  I'ile  and  In  ovcrcomlnc;  tho  resulting  fric- 
tion between  the  contiguous  sheet-piles.  That 
this  feature  of  stiffness  can  not  be  emphasliad 
too  strongly  has  ha-n  well  proved  by  numerous 
failures  of  steel  piling  formed  of  sections  weak 
In  this  respect,  whether  these  sections  are  used 
alone  or  in  ( nunection  with  \  ci  y  stiff  niemtiers. 

"The  next  most  important  requirement  of  a 
satisfactory  steel  sheet-pDlng  is  that  It  shall 
form  .'^i  ^^•t]l  or  '-lioriti^-'  wiierein  tho  members 
act  in  unison,  otherwise  there  is  a  mass  of  su- 
perfluous metal  which  does  no  work  and  mtitt 
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be  supported  by  bracing  together  with  the  ma- 
terial, soil  or  water,  which  it  is  supposed  to 
carry.  It  is  far  more  important  to  have  steel 
piling  sections  which  lock  rigidly  together  than 
to  have  sections  which  have  a  limited  amount 
of  play,  because,  as  a  rule,  the  steel  piling  Is 
driven  In  straight  lines  and  for  sharp  corners 
special  sections  are  necessary  anyway.  Where 
there  is  no  rigid  interlocking,  it  is  almost  im- 
possible to  drive  the  individual  piles  In  a 
straight  line  and  the  result  is  a  sheet-piling 
wall  which  bears  heavily  and  very  unevenly 
against  the  wales  or  bracing  required  to  hold 
It  up. 

"In  the  corrugated  system  of  steel  sheet- 
piling  these  objections  are  overcome.  The  sec- 
tions used  are  individually  the  stiffest  possible 
and  they  interlock  rigidly.  There  is  certainly 
no  form  of  metal  stronger  than  a  corrugated 
sheet  or  plate  to  resist  such  forces  as  act  first 
upon  the  individual  sheet  piles  and  then  upon 
the  sheet-piling  as  a  whole.  A  remarkable  fea- 
ture df  the  corrugated  sections  Is  that  their 
stiffness  remains  practically  constant  for  equal 
radii  of  corrugation,  Irrespective  of  the  thick- 
ness of  the  sheet  or  plate. 

"Corrugated  piling  Is  comparatively  flexible 
laterally  and  may  be  easily  deflected,  so  that 
while  It  can  be  forced  through  anything  except 
large  boulders,  it  will  readily  work  its  way  past 
them  If  they  are  not  too  large.  If,  however. 
It  Is  attempted  to  force  corrugated  steel  piling 
through  a  large  boulder  it  will  either  abso- 
lutely refuse  to  drive  at  all  further,  or.  If 
pounding  of  the  pile-hammer  Is  persisted  in, 
the  result  will  be  simply  to  smash  the  head  of 
the  pile  or  upset  the  material  at  the  point.  It 
is  quite  Impossible  for  a  corrugated  steel  pile 
to  buckle  because  Its  stiffness  will  not  allow 
It  and  the  force  of  the  blow  will  be  spent  in 
deforming  the  material  at  the  ends,  and  a  cor- 
rugated sheet  pile  abused  in  this  way  will  not 
Interfere  with  the  driving  or  pulling  of  the  ad- 
jacent members. 

"In  general,  for  driving  steel  piling,  a  2500- 
Ib.  drop  hammer  may  be  used,  but  a  3000-1b. 
steam  hammer  is  much  better.  For  lengths 
greater  than  30  feet  or  for  driving  in  very  hard 
soil,  clay  or  hardpan,  heavier  hammers  may  be 
required.  The  steam  hammer  is  to  be  pre- 
ferred as  the  blows  are  more  rapid  and  it  is 
easier  to  drive  the  steel  piling  through  ob- 
structions, and  the  piling  Is  less  likely  to  be 
Injured  at  the  top.  For  hard  driving  a  cap 
■hould  be  used  to  protect  the  head  of  the  pile, 
and  this  may  consist  simply  of  a  flat  steel  plate 
and  a  block  of  hard  wood  on  top,  or  It  may 
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consist  of  a  special  hammer  base  such  as  fur- 
nished by  the  manufacturers  of  pile  drivers. 
For  driving  fhort  lengths  or  for  driving  In 
soft  soil,  the  cap  may  be  dispensed  with  and 
the  hammer  made  to  strike  directly  on  top  of 
the  steel  pile.  The  cost  of  driving  Is  generally 
about  25%  less  than  for  driving  wood.  In 
many  cases,  of  course,  wood  cannot  be  UFPd  at 
all." — From  literature  of  the  Womllnger  Steel 
Piling  Co..  11  Broadway,  New  York. 


William  V.  Dee,  heretofore  Eastern  Repre- 
sentative of  "The  Railway  Age."  has  been  ap- 
pointed General  Sales  Manacer  for  The  O. 
Drouv^  Co.,  Bridgeport.  Conn.,  makers  of  the 
"Antl-Pluvius  '  Skylight,  and  the  Lovell  win- 
dow-operating device. 


The  Clipper  Manufacturing  Co.,  of  New  York 
City,  has  removed  from  401  W.  124th  St.,  to 
new  quarters  at  366-368  Gerard  Ave. 
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A  MACHINE  FOR  TESTING  JACKS. 

There  has  recently  been  Installed  by  the 
Joyce-Crldland  Co.,  of  Dayton.  Ohio,  an  Inter- 
esting machine  for  testing  the  various  kinds  of 
Jacks  which  the  company  manufactures.  The 
machine  consists  simply  of  a  16-foot  bar  ful- 
-crumed  at  one  end,  and  weighted  at  the  other 
with  eight  850-pound  weights,  any  or  all  of 
which  may  be  used  at  one  time.  The  bar  is 
made  from  an  ordinary  15-inch  I-beam  and  the 
machine  is  set  over  a  concrete  foundation  6  ft. 
deep.  The  weights  remain  on  a  spring  plat- 
form while  at  rest,  and  are  picked  up  by  in- 


crete,  so  that  the  fulcrum  withstands  any  pres- 
sure which  may  be  applied  by  the  heaviest 
Jack.  The  fulcrum,  attached  to  the  bar  by  a 
steel  casting,  is  a  pin  which  carries  knife  edges 
both  above  and  below.  When  the  machine  is 
standing  Idle,  the  lower  knife  edges  rest  on 
each  side  of  the  centering  block.  When  a  Jack 
Is  put  under  the  beam  and  pumped  up,  the  up- 
per knife  edges  rise  against  steel  hard  plates 
in  the  bead.  Graduations  in  tons  are  marked 
on  the  I-beam,  commencing  with  one  ton.  The 
beam  is  graduated  for  each  number  of  weights, 
the  place  for  each  graduation  being  deter- 


METHOD  OK  OPERATING  MACHINE  FOR  TESTING  JACKS. 


serting  pins  through  the  yoke  from  each  side. 
Directly  over  this  yoke  Is  a  hoist  for  putting 
on  and  removing  the  weights. 

The  base  of  the  machine  consists  of  two 
15-inch  channel  irons  placed  side  by  side  and 
with  the  flat  side  up.  The  head  is  braced  by 
round  steel  struts  to  a  cast  steel  head  on  the 
end  of  the  channels.  The  concrete  below  the 
channels  is  reinforced  by  twisted  steel  bars, 
which  are  placed  to  give  greatest  resistance 
near  the  fulcrum,  where  the  strain  is  greatest. 

The  vertical  rods  which  hold  the  fulcrum 
in  place  are  anchored  at  the  bottom  of  the  con- 


mined  by  accurate  calibration.  On  the  bottom 
side  of  the  beam  Is  a  sliding  clamp  or  block 
with  a  V'-shaped  notch.  The  Jack  to  be  tested 
is  set  Just  under  this  notch,  and  a  round  pla 
is  laid  on  top  the  jack  so  that  it  will  enter  the 
notch.  This  insures  correct  bearing  during  the 
tests.  By  shifting  the  point  of  application  of 
the  Jack  and  adjusting  the  number  of  weights 
any  desired  load  may  be  thrown  upon  the  Jack 
before  the  weights  will  rise.  A  hydraulic  or 
other  heavy  jack  can  thus  be  tested  under  pre- 
cisely the  same  conditions  as  If  it  were  lifting 
a  locomotive  truck,  car  or  any  other  weight. 


The  Ransome  Concrete  Machinery  Co.,  Dun- 
«llen,  N.  J.,  advises  us  that  the  company  has 
discovered  a  method  under  which  It  can  fur- 
nish Us  bonding  mixture  in  solid  form  at  a 
price  oven  cheaper  than  that  of  ordinary  acid 
solution,  and  which  carries  with  It  the  right  to 
use  tho  process.  Five  pounds  of  this  material, 
called  "Uansomite,"  is  sufflcient.  ordinarily,  to 
treat  from  1,000  to  1,500  sq.  ft. 


The  plant  of  the  Blanc  Stainless  Cement 
Company,  located  at  Allentown,  Pa.,  recently 
began  the  manufacture  of  a  cement  which  is 
said  to  be  Immaculate  in  color  and  stronger 
than  Portland  cement.  The  cement  was  i>er- 
fectod,  after  years  of  rxporimenting  and  dem- 
onstrating, by  Mr.  J.  Maxwell  Carrere,  who  is 
General  Manager  and  Treasurer  of  the  com- 
pany. 
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The  India  Rubber  and  Outta  Percba  InaulAi* 
log  Compaoy,  of  SB3  Broadway,  New  York,  ham 
changed  Its  name  to  Habirshaw  Wire  Company. 
For  orar  twenty  years  thia  well'knovn  ooin« 
pany  haa  manuliutiiretl  StablTahair  wlrei.  cm- 
bles  and  cores  under  the  euperTisIon  of  Dr. 
w.  M.  HaMrabaw,  and  now  the  name  of  that 
gentleman  lias  been  made  a  i»rt  of  the  legal 
title  of  the  company.  The  company  announces, 
what  will  be  believed  readily  enough,  that  the 
highest  grade  of  Insulation  will  eharaoterlse 
the  output  of  the  concern  under  the  new  Dane 
as  well  aa  under  the  old  one. 


TRA1>E  PUBMCATIONS. 


U8T  OF  PARTS.— The  Wells  Light  Mhnnfae- 
tnring  Co.,  44  Washington  St,  New  York 

City.   Paper;  8x4  Ins.;  pp.  S;  fllustratod. 

This  pamphlet  oontains  a  Ust  of  the  parts 
for  repairing  the  company's  tanks  and  bum- 

'  rb  and  the  prices  of  these  parts.  The  list 
supersede  all  other  price  lists  previously 
Issued. 

FUMP  DATA. — Bulletins  9,  11-20.  The  Allen- 
town  Rolling  Mills,  Allentown,  Pa.  Paper; 
9xt  Ins.;  pp.,  each,  8;  lllastrated. 

Theae  tfleven  hulletlns  Illustrate  and  de- 
scribe various  types  of  electric  pumps  mana- 
tsctured  by  the  AUentown  Rolling  Mills. 
Badl  bulletin  contains,  In  addition,  tables  of 
the  range  of  operation  of  the  type  of  pump  de- 
scribed, the  size  motora  needed  to  operate 
them,  the  total  working  lift,  ate. 

UNIVERSAT.  PORTLAND  CEMENT. — The  Uni- 
versal Portland  Cement  Co..  The  Commer* 
clal  National  Bank  Building,  Chicago. 
Paper;  S  x  6  Ins.;  pp.  8. 

This  pamphlet  contains  a  numher  of  inter- 
esting views  of  various  buildings  and  reai- 
denose.  walls  and  sidewalks  in  which  the  Uni- 
versal Portland  Cement  was  used.  The  com- 
pany has  plants  both  at  Pittaburg  and  at  Chi- 
cago, and  aa  a  result  can  guarantee  quicker 
Alpment  to  all  aectltms  of  the  country  than 
almoat  any  other  manufhcturars. 

NON-F!.riD  OILS. — New  York  &  New  Jersey 
Lubricant  Co.,  14  Church  St.,  New  York 
City.  Paper:  3V4  x  6%  ins;  pp.  8. 

The  advantages  arising  from  the  use  of 
Non-Fluid  Oils  are  dwelt  on  In  this  little 
pamphlet.  Non-Fluid  Oils  are  fine  mineral  oils 
which  hare  been  treated  so  as  to  become  par- 
tially solidified.  They  are  neutral  and  cannot 
gam  or  cause  corrosion,  and  In  this  respect 
are  greatly  superior  to  greasee  and  fluid  oils. 
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They  are  well  suited  for  automobile  use  and 
Had  estenslTe  vpHcatlon  In  railroad,  mining 
and  other  work. 

IMDCSTRIAL  BUILDINGS. — Bulletin  No.  22. 
D.  C.  Newman  Collins,  M.  Am.  Soc.  C.  £., 
Consulting  Engineer  and  Architect,  New 
York  City.  Paper;  6x7  Ins.;  pp.  10; 
Ulnitnted. 

This  little  folder,  together  with  an  article 
reprinted  from  the  "Bngiaeerlng  Magazine"  for 
SeptemhMr,  19tT,  aeeompaaylng  It.  deserlhag 
methods  for  the  design  and  conatrnctlon  of  in- 
dustrial buildings.  A  list  of  many  of  the 
largest  works  designed  and  craatnieted  nrnder 
the  supervision  of  the  author  is  included  in 
the  pamphlet  and  is  a  strong  tribute  to  his 
ability  and  repntatlon  as  an  Industrial  ardilp 
tect, 

THE  FULLER-USHIOH  PULVERIZBR  MILL. 
—Lehigh  Car  Wheel  ft  Azie  Works.  Fol" 
lertoD.  Pa.  Paper;  9  x  IS  tna.;  pp  48; 
Illustrated. 

The  Fuller-Lehigh  Mill  is  described  in  this 
catalog  and  its  usefulness  for  grlndln?;^  rork, 
cement,  coal,  etc.,  is  made  apparent.  A  num- 
ber of  tests  made  hy  various  users  of  the 
Fuller-Lehl^h  Mill  are  viotcd  and  show  that 
80  to  S5%  of  the  material  grouod  will  pass 
through  a  tOO  sieve,  a  record  which  it  is  diffi- 
cult to  surpass.  The  method  of  operation  la 
thoroughly  described  and  llstg  of  repair  parts 
are  given.  The  catalog  Is  well  Illustrated  and 
attractively  printed. 

THE  A.  S.  CAMERON  STEAM  PUMP  WORKS. 
— niUBtrated  Catalog  No.  35.  The  A.  S. 
Cameron  steam  Pump  Works.  Coot  of 
Bast  SSd  Bt,  New  York.    Paper;  9  x  t 

Ins.;  pp.  158. 

In  this  catalog  the  various  types  of  steam- 
pumps  manufactured  by  this  company  are  de- 
scribed In  detail,  complete  lists  of  repair  parts 
and  prices  are  given.  In  addition  to  the  in- 
formation deeerlptlve  of  the  Cameron  Pump 
Works'  products,  there  Is  also  considerable 
matter  under  the  head  of  "Useful  Informa- 
tion." which  will  he  of  value  to  all  users  of 
steam  pumps.  Miuiy  facts  regarding  steam 
and  water,  their  properties,  etc.,  are  given.  In 
addition  there  are  tables  giving  the  area*  of 
clnlc.-^,  advancinf?  by  elchths,  the  capacity  of 
pumps,  ratios  of  areas  for  given  diameters  of 
steam  and  water  cylinders,  heights  In  feet  to 
whlili  pumps  will  elevate  water,  friction  Iofs 
in  pounds  pressure  per  square  inch,  horizontal 
and  rertlcal  distances  reached  by  jets,  wrought 
iron  pljio  fnr  sloam,  gas  or  water,  and  metric 
measures  and  their  English  equivalents. 
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THE  REGULATION  AND  CONTROL  OK  CON- 
CRETE    CONSTRUCTION.— By     E.  S. 
Larned.     The  Association    of  Americao 
Portland    Cement    Manufacturers,  Land 
Title  Building.  PliiladelplUa.  Paper:  «  x 
9  Ins.;  pp.  IS. 
Uany  failures  of  concrete  structnros  are  due, 
not  to  tlid  fact  that  the  cement  is  of  a  poor 
4iMdlC7  and  cannot  do  the  work  required  ot  It, 
but  to  the  faulty  methods  of  construction  em- 
ployed and  to  the  inefficiency  of  the  inspectors 
Who  are  at  work.   The  Aaaodatlon  o(  Ameri- 
can Portland  Cement  Manufacturprss  has  dis- 
tributed considerable  literature  regarding  ce- 
nantr  and  concrete,  and  proper  nethods  of  oon- 
etmctlon  in  order  to  disseminate  reliable  in- 
formation regarding  the  subjects,  and  thereby 
lOBBen  such  dangers  as  may  be  attended  on  the 
various  types  of  concrete  construction.  This 
bulletin  is  the  sixteonlh  of  the  series  thus 
iMued  and  is  of  decided  value  to  engineers  and 
contractors.    It  may  t>e  obtained  Irom  the  Aa> 
sodation  upon  application. 

AIR  C0MPRBS80R  LT7BRXCATI0N.--JoMph 

Dixon  Crucible  Co.,  Jersey  City,  N.  J.  Pa- 
per; 6x9  ins.:  PP-  24:  illustrated. 

This  pamphlet  beglna  with  a  quotation  from 

a  prominent  engineering  journal,  which  states 
that  "It  is  an  established  fact  that  a  com- 
presDOd  air  system,  that  Is,  the  air  oomprossor, 

receiver  and  discharge  pipes,  has  within  itself 
the  potentiality  pf  destructive  explosion  if  the 
matter  of  alr-cyllnder  lubrleatloii  Is  IndUter- 
ently  attended  to."  Such  an  explosion  is  due, 
primarily,  to  the  volatilization  of  the  lubricant 
employed.  If  a  lubricating  sahatanee  whose 
action  is  like  that  of  erraphlte,  namely,  birlld- 
Ing  up  and  making  smooth,  uneven  surfaces, 
and  one  wbleh,  like  graphite,  cannot  be  Tola- 
tlllzed,  la  employed,  all  danger  of  explosion 
due  to  unsuitable  oils  or  the  excessive  use  of 
good  lubricants  is  avoided.  The  pamphlet  also 
contains  a  brief  article  which  dfats  with  the 
use  of  graphite  for  lubrkatiug  ruck  drills. 

THE  roSAI.  RBINPORCmG  FOR  SLAB  CON- 
STRUCTION.— Albert  Oliver,  1  Madison 
Ave.,  New  York.  Paper;  6  x  S'^  ins.; 
Ins.;  pp.  168. 

In  the  conatruction  of  all  relnfurcefi  con- 
crete floors  and  roof  .slabs  the  viLai  point  is 
the  proper  distribution  of  a  sufficient  quan- 
tity of  the  reinforcing  material.  The  mate- 
rials used  for  this  purpose  are  numerous.  Two 
important  points  to  bo  observed  are  that  the 
steel  used  for  reinforcing  the  material  shall 
have  a  high  tensile  strength  and  that  the  bund 
between  it  and  the  concroto  shall  be  conttn- 
nous.    The  Clinton  Wire  Cloth  Company, 


whose  welded  wire  is  described  in  this  pam- 
phlet, claims  superiority  for  their  product  OTsr 

any  other  reinforcing  offered  for  sale,  chiefly 
on  account  of  these  two  points.  One  point 
whkh  triiottld  bo  noted  is  that  all  the  com- 
pany's material  is  thoroughly  tested  before 
being  placed  in  the  structure  in  wliich  it  is 
to  be  used. 

THE  EXPANDED  METAL  SYSTEM  OF  STEEL 
CONCRETE  CONSTRUCTION. — The  Ex- 
panded Metni  Engineering  Co.,  2  2  5  Fifth 
Ave.,  New  York.  Paper;  5  x  S  ins.;  pp. 
176:  nittstratsd. 

This  handsome  booklet,  containing  as  it  does 
an  extended  discussion  of  the  theory  of  ex- 
panded metat,  aa  well  aa  saany  Itlttstrattims  of 

buildings  under  the  process  of  construction, 
details  of  construction  work  and  tables  giv- 
ing the  rsslstlng  momoits  and  working  loads 

per  square  foot  for  expanded  metal  and  con- 
crete of  varying  composition,  will  be  of  inter- 
est to  the  engineer,  architect  and  contractor. 

Expanded  metal  has  come  into  surh  i^fde  use 
for  relnforclug  concrete  structures  ttiat  a  thor- 
ough presentation  of  all  phases  of  its  use  and 
the  stresses  to  which  it  may  he  subjected,  auch 
as  thia  booklet  contains,  will  be  of  value,  not 
only  to  nssra  of  expanded  metal,  but  also  to 
all  who  are  connected  with  reinforced  concreto 
construction. 

THE  MAINS  CONCRETE  MIXER.— The 
Halns  Concrete  Mixer  Co.,  Washington, 
D.  O.  Paper;  9x6  Ins.;  pp.  86;  Illus- 
trated. 

in  order  to  obtain  an  Ideal  concrete  it  Is 
necessary  Uiat  the  cement,  sand  and  broken 

stone  be  so  Incorporated,  that  the  smaller 
parts  shall  fill  the  voids  in  the  larger,  and 
Oat  «T«r7  grain  of  smd  Mid  enrary  piece  ot 
broken  stone  be  covered  with  a  paste  formed  of 
the  cement  and  water.  The  Hains  Concrete 
Hlzer  la  designed  to  do  this  as  quickly  and 
as  economically  as  popslblo.  The  mixer  is 
thoroughly  described  and  illustrated  in  the 
pamphlet,  as  are  sumy  notable  engineering 
works  on  which  the  Halns  machine  was  used. 
The  principle  on  which  this  mixer  is  built  is 
that  the  only  eCectlTe  way  to  mix  concrete  In 
a  machine  is  to  rotate  the  charge  and  not  the 
machine.  The  Uains  Mixer  mixes  concrete 
by  forcing  the  wet  sand  and  stone,  or  gravol. 
through  the  dry  cement  powder,  thereby  coat- 
ing the  particles  with  a  film  of  cement  paste, 
and  by  means  of  suitably  shaped  reo^ptades. 
Imparts  the  proper  motion  of  rotation  to  the 
entire  mass  to  complete  the  nix.  In  other 
worda.  by  rotating  the  mass  ot  the  Ingredients 
but  not  the  miner. 
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This  Index  Is  intended  to  cover  the  flald  of 
Uteratnre  la  n  maiuMr  tiint  wUl 

make  It  of  the  greatest  use  to  the  g^reatMt 
number — that  is.  it  will  endeavor  to  list  all  tiM 
■ittelee  and  comment  of  tadinlcal  ralw  ap- 
pearing In  current  periodicals.  Its  arrange- 
ment has  been  made  wltb  the  Tlew  to  its 
adaptabtlltr  for  a  eard-tadex.  wlildi  englnean, 
architects  and  other  technical  men  are  grad- 
ually coming  to  consider  as  an  Indispensable 
■djinet  of  their  offlcea. 
■■dl  Item  gives: 

1.  Full  title  and  author. 

2.  Name  and  date  of  pabHeatlon. 

3.  An  estimate  of  length  of  article. 

4.  A  short  desoripUTe  note  regarding  the 
scope  of  the  artlde — ^ere  oonaldered  iieeea> 
sary. 

5.  Price  at  which  we  can  supply  current  ar- 
ttdea. 


The  Publishers  do  not  carry  copies  of  any 
o£  tlMM  articles  in  atock,  but,  if  desired,  will 
supply  copies  of  the  periodical  containing  the 
article  at  the  prices  mentioned.  Any  premitim 
asked  for  os^ot-i^ta  eoplaa  must  Iw  addad  to 
thla  prlM. 

The  principal  journals  in  the  various  flelda 
of  technical  work  are  shown  in  the  accompany- 
ing IM^  aad  wuOf  nnderstood  abbrwflatloni 
oC  tlMM  aamaa  mm  vmA  1&  tb»  Iiid«x. 

The  Editor  cordially  Invites  criticisms  and 
suggestions  whereby  the  value  and  usefulness 
of  the  Index  can  he  extended. 

In  order  to  comply  with  the  nuuiy  saggea- 
•Uom  and  taqpuala  of  readers  who  desire  to 

make  practical  us©  of  this  index.  It  is  printed 
on  one  side  of  the  sheet  only,  to  permit  the 
cUppteg  of  any  desired  ttems. 
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Proceedings  Am.  Soc.  C.  B. 
Prooeedlnga  Am.  Soc.  M.  B. 
ProceadlBga  Can.  See.  O.  B. 


Proceedings  Engineers'  Club.  Philadelphia. 

Proceedings  New  York  R.  R.  Club. 
Proceedings  Pacific  Coast  Ry.  Club. 
Proceedings  St.  Louis  Ry.  Club. 
Proceedings  U.  S.  Naval  Institute. 
Transactions  Am.  Inst.  Electrical  Engineen. 
Transactions  Am.  Inst.  Mining  Engineers. 
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aiagia  enylH  10  OtaU.                   On*  year  |UW 
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site. 

American  Carpenter  &  BaUder. 
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American  Exporter. 
Anwrleu  Ou  Ugbt  lonnaL 

ABMrlaui  Itt^oitor. 

American  Journal  of  SdCBMi 

American  Machinist. 

Amnrlcan  Slilpbullder. 

Architect  &  Engineer  of  California. 

Architectural  Art. 

Architectural  Record. 

Architectural  Review. 

Architects'  and  Builders'  Mag. 

Architecture. 

Automobile. 

Boiler  Maimer. 

Brass  World. 

Brick. 

BuUatln  Am.  Iron  A  Stael  Attn. 
Boltotfa  of  D«jpt  of  Labor. 
Bnllotta  UolT.  of  Kansas. 
Bulletin  UniT.  of  Wisconsin. 

California  Journal  of  Terl; nclogy. 
Canadian  Architect  aud  Builder. 
Cfiuadlan  Cement  &  ConcretO  Rovlow* 

*  auadlan  Electrical  News. 
Canadian  Engineer. 

Canadian  Machinery  &  Manutacturinc  News. 
C;l  n  a  d  i a  ii  M a  aii  !,a ct u rer. 
Canadian  Mining  Journal. 
Guudtan  If  nnlelpftl  Joanutl^   Sno  Adv.  omo- 
Bite. 

Carpentry  and  Balldtng. 
Cassler's  Magaslnfl^ 
CastingB. 

Oomoiit  Agi*. 

Cement  and  BngUworlng  Noira. 

Cement  Bra. 

Central  Station. 

Chemical  Engineer. 

Cold  Storage  and  Ice  TniAo  JoDIIMl. 

Commercial  America. 

Compressed  Air.'   8<0  AdT.  oppooito. 

Concrete. 

Concrete  Age. 

Concrete  Engineering. 

Contractor. 

Cornell  Civil  Engineer. 

Daily  Consular  and  Ttade  Reporta. 

Domeetio  Engineering'. 

Beonomle  Geologj. 

Oieetrlaa  Ago. 

■leotrtegl  Rovlew. 

Sleetrie  Xoumnl. 

Hlectric  Railway  Review.— See  Adv.  opposite. 

Electrlral  World. 

Electric  Traction  Weekly. 

Electrocbemieal  and  Metallvrfleal  Indvetrrr 

Engineer. 

Engineorintir-Contractlng. — See   AdT.  oppostt*. 

Ensrlii-^t  ring  and  Mining  Journal. 

Eri  l;  :  T—orlng  Magazine. 

Engineering  News. — See  Adv.  opposite. 


Bnglneerlng  Record. 
FMCory. 

Var  Baitoni  Rortow. 

Fin  and  Water  Riiglneerlns. 

ForMtry  and  Inlcatloa. 

Foundry. 

Gas  Engine. 

Gas  Power. 

g:  ?  aud  Pottaii:  Wteid. 

Hardware. 

Heating  and  VentUttlllS  """t****** 

UorselesB  Age. 
Ice  and  10  fi  igcratlon. 
Illuminating  Engineer. 
Implement  Age. 

Industrial  Magazine**— See  Ad'r.  oppoittOk 
Industrial  World. 
Inland  Architect. 
Insurance  Engineering, 
lateraatlonal  Marine  BngUMMrlns. 
iron  Age. — See  AdT.  opposlli. 
Iron  Trade  Rffvtov. 
IrrlgatioB  Age. 

Journal  of  Electricity.  Powor  and  Chuk 

Journal  of  U.  S.  Artillery. 

Journal  of  Worcester  PoljtMlulle  Inatttlltr 

Judicious  Advertising. 

Machinery 
Marine  Heview. 
Metal  Industry. 

Metal  Worker,  Plumber  and  Steam  Fitter. 

Mines  and  Minerals. 

Mines  and  Mining. 

Mining  and  Scientific  ProM. 

Mining  Science. 

Mining  World. 

Modem  Maclilnerr. 

Hoady*e  Ktgailao. 

Motor. 

Motor  Age. 

Motor  Boat 

Motor  Car. 

Motor  Tr  ii'l 

Municipal  Eaeinueiing. 

.Municipal  Journal  and  Bnglneer. 

Paper  Trade  Journal. 

Plumber's  Trade  JoanML 

i'opular  Mechanics. 

Popular  Science  Monthly. 

Power. 

Power  and  TransmlMlon. 

Power  Wagon. 

Practical  Bnglneer. 

Printers'  Ink. 

Proiltable  AdTortlilng. 

FrogreiBlTe  Ago. — See  AdT.  oppoeltau 

Railroad  Gafotte. 

Railway  Age. — See  Adv.  opposite. 

Railway  and  Engineering  Review. 

Railway  and  I.ocomotivo     n  neorlllgL 

Railway  and  Marine  World. 

Railway  Engineering. 

Railway  Master  Mechanic. 

Road  master  and  Foreman. — See  AdT.  oppoiite 

Rose  Technic. 

Scientific  American. 

Scientific  American  Supplement. 

Selling  Magazine. 

Sibley  Journal  of  Engineering. 

Southern  Machinery. 

Stevens  Institute  Indicator. 
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Street  Rallwar  JohtdbL 
TeidiBical  World  Msgailae. 
Vidittology  Quarterly. 
Textile  MaiwfMturer'B  Journal. 


Tradesnum. 
WeterprooAns. 

Western  Electrician. 
Wood  Craft 
^^■ood  Worker. 


PRINCIPAL  BRITISH  PERIODICALS 


Agricultural  Chronicle.     (m.J  London. 

Architect,    (w.)  London. 

Architects'  Magazine.     (m.)  London. 

ArdilteGtural  Review,    (m.)  London. 

Autocar,    (m.)  London. 

Ai  ii  [j.jblla  Journal,   (m.)  London. 

Automotor  Journal,    (w.)  London. 

Board  of  Trade  Journal,     (w.)  London. 

British  ArchitecL    (m.)  London. 

British  Clay  Worlwr.    (m.)  London, 

Brltlah  Tnuto  Rcrtow.    (m.)  London. 

Bnttdor.    (w.)  LondoB. 

Building  Industries,    (w.)  Glasgow. 

CItII  Engineering,    (w.)  London. 

Cold  Storage,     fm.)  London. 

Colliery  Guardian,     (w.)  London. 

Commercial  Motor,    (w.)  London. 

Concrete  &  Constr.  Bngg.  (b-m.)  London. 

Contract  Jouraal     (w.)  London. 

Blectricil  Enginrpir.'    (w.)  London. 

Blectrlcal  Englneorlng      (W.)  LondOtt. 

Bnectrical  Magsizlne.    (m.)  London. 

Electrical  Progress,    (m.)  London. 

Blectrlcal  Rerlew.    (w.)  London. 

Bleotrldan.    (w.)  London. 

Bleetrlctty.    (w.>  London. 

Bnglnow.    (w.)  London. 

Bnglneerlng.    C**)  London. 

Engineering  ReiF|«ir.    (m.)  London. 

Engineering  Times,  (w.)  London. 

Engineering  World,    (w.)  London. 

Engineers'  Gaz^ette.    (m.)  London. 

Eagllsh  Mechanic,    (w.)  London. 

Oaa  and  Oil  Power,     (m.)  London. 

Oae  Engineers'  Magazine,     (m.)  London. 

Hardware  Magazine,  (m.)  London. 

Implement  and  Machinery  Rev.  (m.)  London. 

India  Rubber  World.     (m.)  London. 

Iron  find  ronl  Tradps  Review,  (w.)  I,ondon. 


Iron  and  Steel  Trades  Journal,  (w.)  London. 
Ironmonger,    (w.)  London. 
Ironmongers'  Chronicle,    (m.)  London. 
Journal  of  Qas  Lighting,    (w.)  London. 
Journal  of  Society  of  Arte,    (w.)  London. 
Locomotive  Magazine,    (m.)  LondOiB. 
Marine  Engineer,    (m.)  London. 
Mariner,    (m.)  London. 
Mnfthnntol  Bnglneer.  (w.| 
M^dinBtenl  World,    (w.)  ~ 
malac  Engineering,    (m.)  London. 
Mining  Journal,    (w.)  London. 
Mining  World,    (w  )  TondOII. 
Motor,    (w.)  London. 
J 1 0 1  cj  r  B  0  Ei  f .     f  w . )  London. 
Motor  Car  Journal,     (w.)  London. 
Motoring  Illustrated,    (m.)  London. 
Municipal  Journal,    (m.)  London. 
Nature,    (w.)  London. 
Oil  Trades  Qazette.    (m.)  London. 
Page's  Weekly,     (w.)  London. 
Paper  Maker,     (m.)  London. 
Paper  Making,    (m.)  London. 
Petroleum  World,    (m.)  London. 
Practical  Bngineer.    (w.)  T/i?ii4ihi. 
PttbUe  Works,    (q.)  London. 
Qoarrr.    (m.)  London. 
Railway  Engineer,    (m.)  London. 
Railway  Oazette.    (w.)  London. 
Railway  Magazine,    (m  )  London. 
Railway  Times,    (w.)  London. 
Science  Abstracts,     (m.)  London. 
Sells'  Commercial  Advertiser,    (w.)  London* 
E"jrvo)or.      (w.)  London. 
Textile  Journal.     (in.)  London. 
Timber  Trades  JournaL     i  m  )  London. 
Times  Engineering  Supplement,  (w.)  London. 
Tramway  and  Railway  World,  (m.) 
Water      f  m  >  London. 


PRJlSaPAL  FRENCH,  GERMAN  AND    OTHER  FOREIGN  PERIODICALS 

Hlnero  Uexleano.    (w.)  Moleo. 
Mols  Sclentlflque.    (m.)  Parle. 
Organ  f.  d.  Portoehritte  des  EisenbahnweseM. 

(m.)  Wiesbaden. 
ReTlsta  d.  Obras  Pub.    (w.)  Madrid. 
Revlsta  Tech.  Ik  I  m     (m.)  BarcolOBn. 
Revue  de  Mdcaiaque.   (m.)  Paris. 
Revuo  Gi'ti.  des  Chemlns  de  Fer.  (m.)  ParlC 
Revue  Gon.  des  Sciences,  (w. )  Parla, 
Revue  Industrlelle.     (w.>  Paris 
llovue  'rechnlquo.  (b-m.)  Parle.  • 
Revista  Marlttima.  (m.)  RomOv 
ScblfThau.     (s-m.)    Berlin.  '  ' 

Schwei/orisrhe  Baur.eitung.  (w.)  Zurl<^. 
Statal  und  Eisen.  (w.)  Daiaeldorf. 
Technique  Sanitairo.  (m.)  Paris. 
Zeitflchrlft  fOr  Baumeen.  (q.)  B«rlln. 
Zoltadirlft  f.  d.  Qwamto  Torblaeawwan.  (▼.) 
Mnnlcb. 

Zeitselurlft  d.  Oeat.  Ing.  und  Arch.  Ver.  (w.) 

Vienna. 

Zeltschrift  cl.  Ver  Deutscher  Ing.  (w. )  Berlin. 
Zeitschrift  fiir  Elektrocbemie.  (w.)  Halle  a/8. 
Zentralblatt  d.  Bauverwaltung.  (s-w.)  Berlin. 


Annalei  des  Fonts  et  Channles.  (m.)  Pnrln. 

Beton  und  Elsen.     (q.)  Vienna. 
Comptes  RonduB  de  I'Acad.  des  Sciences,  (w.) 
Paris. 

Deutsche  Bauzeitung.    (b-w.)  Berlin. 
Dlngler's  Polytechnic  Journal,  (w.)  Berlin. 
Bisenbahntedmiflche  ZeltecbrUt.  (b-m.)  Ber- 
lin. 

Electriclen.    (w.)  Paris. 

Elektrische   Kraftbetrleb   and  Bahnenwesen. 

(w.t  Itorliii. 
BlektrochRmische  Zeitschrift    (m.)  Berlin. 
Blektrutecbnlk  nnd  MMdklnmbnu.  (w.)  VI- 

enaa. 

Eleklrutecbnische  ZeitBchrift.  (W.)  Berlin. 
Blettrlcitak    (w.)  Milan. 
Otelo  Civil.    (▼.)  Paris. 
Qesundhelts-Ingenienr.    (s-m.)  Munich. 
Industrie  inectrlque.    (s-m.)  Parts. 
Ingen'eria.    (s-m.)    Buenos  AlrOS. 
Inifenleur.    (w.)  Hague. 
.!uiirr..--il  f.  CasLfli.^ij  i.^  i  -  ij.     (W.)  Borlltt. 
Metallurgie.    (w.)  i'arls. 

/«dSr«  to  A^fltt  Atfitu  t 


Digrtized  by  Google 


THE  ENGINEERING  DIGEST 


205 


Chil  Engineers 


M«]««tle  BotMbw,  DBtvaB.  OWASUOO. 


JLewis  &  Moore 

Consulting  Waterproofing  Engioeen. 

IfiTMtiiiitioB,  Report*,  T«*U.  PUm.  IrtiMlM  ** 
fication*  for  WalerpriMflBV  aai  nMappN*"" 
ClaaMM  of  Stnactnras. 

Watafproolliif  nquJrw  ttai  atmt  idntUo  treatment  m 
otlMr  yg*i«*«^ng  pmblaau  to  lAtaia  twanmlrat  sad 
dnniii*  rMolti. 

We  ar«  the  only  consiiUlng  rnglneers  sp«clall«laK  In 
«at«rprooflag— not  aflUlated  with  any  special  interast. 
We  act  In  a4Tlioir  tmf^Otr  ti»  raglfflHnii  iitihltwtt  aad 
IwUder*. 

OnmipondeDce  invited, 

1133  BRMMtWAT.  NBW  TOOK. 

WiOUm  D,  Mark»,  Ph.  B.,  C.  E., 

Oonsuttlng  Engineer  and  StatlstlclM. 
Klectrie  RailwsyB.        oil  Motor  Carii.        Out  Wolta. 

Elnrtrlc  LIshtlns  SUtlons. 
PaM  Expert  In  (■.;>'»  and  Electricity  to  New  York  City, 
Buffalo  and  Citizens'  Gas  Company.  Indianapolis. 

AIM  «tbw  anuiieipttUtlM.     

Park  Rmr  BfllMlBSi  VWW  TOBK. 


PmUr  Moller,  C.  E., 

CosaaltlBg  Civil  Bnclseer. 
BrMi*  OailfB  ufl  BtMl 

Calcalattons. 

as  Pirk  Ptaoe.  R.  3I>.  NEW  YORK  CITT. 
Alexander  Potter ^  C.  E., 

Hydnmlic  Kncm-^er  and  Sanitary  Kxpert.' 

H:^  Lll)«rty  Street.  NBW  YORK  CITT. 
.ScwcTsge  and  Sewage  Disposal. 
Water  Supply  and  Purlflcation. 
Waur  moA  BMctcIa  Poww. 
ValnaUoBs  of  BslaUns 


C.  A.  P,  Turner 

M.  Atn.  aoe.  0.  Ootnultla« 

LlrlilK''-^.    BuilJIllps.    M-ini)facturin>:  Plauts. 
Reinforced  Concrete  Conatrucilon  a  Specialty. 

816^18  Pbomlz  Bldf..  WNNBAPOIiia,  HINN. 


Conidltlcjir  Engln«*r. 
Examinations,   EBtlmAtea,  Financial  and  Bngineertng 


fit  Pt«l  Bite,  MBW  TOBK. 


Contractors 


The  Arnold  Company 

E  NGI N  E  E  RS  -  COMSTRUCTORS 
BLECTRICAL  -  ClVtl.-  MECMANIGM. 

CHI6A*e 


Battle  Creek  Bridge.Co* 
ENGINEERS  AND  CONTRACTORS 

Reinf  orcwl  Co«cteto  Bridns  _  . 
AUo  Steel  and  Woodeo  BridRM.  Ptto  Driv  nc 
FoondattiMu,  PImm,  ete. 

BAVTLB  iStXSK,  UfXM. 


Fayette  Engineering  &  Contracting  Co», 

civil,  .Mining  ud  Contracting  BncloMra. 

Herbert  M.  Crawto*. 
L.  C.  Mechllng. 
B.  L.  Zoarloy. 
SpecUlttes:   Construction  of  Cnni  and  Coke  Plauu  uud 


of  Co«i  Properties. 


RmiMh  OfflG*. 


UNIONTOW.N,  PA. 
BROWNSVILLB.  PA. 


Architectural  Books 


Architectural  Books 


8«od  for  STUDENT'S  &  DRAFTSMAN*B  Utauy  CIttb 
Catologti*.    (Small  nKutlilr  payiiMiita.)  . 

Also  General  CatiUOCM  Ot  AMUteOtUnl.  BuMUC 

Technical  Books.  „  „.  , 

Sample  copy  of  Archltecta*  A  Builders'  Magasloe 
OB  request.  _  . 

WM.  T.  COUSTOCK.  FuWItlMr. 

2S  WuTon  at.,  NBW  TORS. 


Situations  Wanted 


Vntn  ftirtber  BoHoo  ««  will  publish  without  chars* 

ddrerttsemects  from  oiir  retrwlar  sul)scrlber«  who  ioek 
cmploymcut.  Make  them  brief.  UepSles  may  be  sent  In 
«ur  o.ire.    The  change  to  otbera  U 


two  ceutB  a  word. 


i:li;C  rniCAL  engineer,  graduated;  three  and  one- 
bnif  y oars'  experience  mechanical  and  eleetflwl  ODgU 
DccrlnK,   xtearo  and  electric  power  testa  and  laaUlla* 

tiuii-.  At  present  p.iipervlninK  clotrkal  engineer  for  a 
ronii'.iny  owning  eIi  electric  11^1"  and  power  PlS"'*' 
Best  cf  rfffronrn-'  f'-nrr  iir.  F.TitT.'''yi'r.  Salary.  |2,l(00. 
Address  7;'.r>.  cu-.r  :ri  i     i-  i;r-st 


A  BTRICTLY  IIHJII  CLAS.S  construction  engineer  la 
open  for  an  aiiinnijtaitoi..  L.jii«ly  Chief  Englnocr  for  a 
large  construction  company,  and  previously  Chief  Av^jIsI- 
ani  Engineer  for  a  rallroud  system.  Age  -lO.  T- clmi' -il 
graduato.  ExMrlenoed  promotar.  masBger  and  wecutlvo. 
Addr«aa  CUeir BngUtMr,  Itt  Tnmar  St.,  Oraad  Baplda, 

Mich.   

ORAOUATE  MECHANICAL  DRAFT.SMAN,  Gcruian  and 
noto'datt  to  AnarleaB  practio*.  open  for  eugagement. 
Bxperienco  In  eonente  machinery,  central  condensing 
and  cooling  plants,  electric  motors,  general  ga»  plant  and 
power-house  construction.  deglRnlnn  of  roof  iruKSes  ana 
wooden  bridges,  building  aud  rebuilding  ore  ml'la;  .w«o 
experience  In  extracting  cmdo  rttbbtr  ^^JKll^HS 
(latcu  method).  Addraa  "O,  B.,"  «a»  Baslnearlna 
Dlgeat. 


Pntrontee  ENGINBBBINO  DI0B8T  A4T«rUMn  WImd  You  Can. 
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INDEX  TO  ARTICLES 


ARCHITECTURE. 

Par  Steel  and  Urinforced  Concrete  Huilding  Cnnittruction,  Foundations,  Masonry,  etc.,  tee  "Engineering 
Construction  andMateriah"  untler  CIVIL  ENGIXEERIXG;  for  Heating  and  Ventilation,  see  fiubdivinoH 
similurly  tntillal  •nnUr  MEfHAMCAL  ENGINEERING;  for  KUctric  Ligliting,  nee  "  Ligf» ting" 
under  ELECTRICAL  ENGINEERING;  for  Eh  rators,  see  "  Hoisting  and  ' Handling  Machinery'* 
imitr  MECHANICAL  ENGINEBSING;  for  Plumbing  and  Sanitation,  «ee  "Seuen^"  tmder 
MUNICIPAL  BKGlNEBBIIfO. 

AUTOMOBILES  AND  AERIAL  NAVIGATION. 


Alnflilp  MMovs. 

Gasoline  Motors  for  Aeronautical  Work. 
Sc  Am — Jan.  11.  08.  6  figs.  3300  w.  20c. 
Desrritjes  Beveral  of  the  most  recent  Itgllt- 

velght  motors  of  French  desifiia. 
ABtl>Fr«ezUig  LlqnJd. 

Denatured  Alcohol  to  Prevent  Freezing. 
Roger  B.  Whitman.  Automobile — Dec  26, 
07.  1  flf.  1100  w.  20a 

mfviiig  System,  Positive. 

TlM  Positive  Driving  System  for  Automo- 
MlM.  M.  C.  Krarup.  Ir  Age — Jan.  2.  08. 
4100  w.  20c.  D«8Crib«s  tli«  principal 
OMMs  of  automobile  aoddenta  and  meani 
tor  reducing  their  frequency. 

nyaaiiKmieter  for  Antomobllee. 

A  Remarkable  Dynamometer,  Bl  Rev — 
Jan.  11,  08.  :\  flKs.  1700  w.  2f>c.  De- 
scribes au  assemblage  of  power-absorbing 
Mid  meeenrtiis  iMtrumente  and  a  larse 


power  chart  wltk  autmiatlcally-operated 

pointers. 

Fml  ByaieiiM. 

Hm  Feel  Syatem  of  Antomobnea.   Thoe.  - 
J.  Fay.  Automobile — Dec  26.  07.    1  fig. 
4000  w.    Jan.  2,  08.  6  figs.  4200  w.  Each, 

20c 

Motor  for  Heavy  Vehicles. 

The  Thornycroft  30-HP.  Engine.  Comtn 
Motor  -Dec.  26,  07.  6  figs.  900  w.  40c 
DesLribeB  a  substantial  English  model  for 
heavy-vehicle  propulaloiii. 

Rectifier  Outilt. 

Mercury  Arc  Rectifier  Automobile  Garage 
Outfit    u  E.  Russel.  Central  station — ^Deo. 

07.    2100  w.  20c 

Hpevd  and  DMoaee  Reoordere. 

Principles  of  Speerl  rii  l  Distance  Hocord* 
era.     Charles  B.   Ilayward.  Automobile — • 
Dec  10.  07.   18  llKS.   9300  v.  20c. 


CIVIL 

BlilDGEB. 


A  Reinforced  Concrete  Arch.  Howard  C 
Ford.  Jl  of  Bngr — May,  07.  6  flga.  SOOO 
w.  80c.  Describes  the  work  of  reptaclns  a 
steel  hlj^hway  bridge  by  a  70-ft  reinforced 
concreto  arch,  together  with  cost  d«t«  for 
the  work. 

Method  and  Coi^t  of  Constructing  a  Con- 
crete Ribbed  Arch  Bridge  at  Grand  Kapids, 
Mich.  Bhlgg-Cotitr— Jan.  8,  08.  1400  w. 
20c.  Describes  method  used  on  a  bridge  of 
■even  parabolic  arch  rlbe  of  76  ft  dear 
■pan  and  14  ft.  rise. 

Steel  and  Concrete  Railway  Bridge  Over 
the  Gulndy  River.  M.  Harel  de  la  Noe. 
Annales  Ponts  et  Chauss — Nov.  07,  15  figs. 
7600  w.  $1.80.  Describes  a  three-hinged 
arch  bridge  of  peculiar  construction. 

Baaonle  Brldgea. 

Double  Track  Trunnion  Bascule  nri^l^^ 
Over  Bodlne  Creek,  Stnten  Island  Rapid 
Transit  Railway.  Eng  News — Jan.  17.  08. 
4  flgs.  1900  w.  20c.  Describes  a  recently 
erected  counterwelghted  bascule  bridge  of 
the  Strauss  pattern,  with  overhead  counter- 
w^gbt. 


The  Ohio  St.  Bascule  Bridge  at  Huflaio,  N. 
Y.  Eng  News — Jan.  17.  os.  lO  Hks.  S.OOO 
w.  20c  Describes  a  bridge  differing  in 
many  features  from  any  prevloua  type. 

Blackweirs  Island  Brldi;c. 

Erection  of  the  Manhattan  Approach  of 
the  Ulack well's  Inland  Bridge.  Eng  Rec  ■ 
Dec.  21.  07.     1  flK.    1500  w.  20c. 

The  Construction  of  the  Queens  Approach 
to  the  Blackwell's  Island  Bridge.  Eng  Rec 
-^an.  11,  08.    2  flgs.    1800  w.  20c 

The  Erection  of  the  Anchor  Arms  of  the 
Blackweirp  Island  Uridge.  Eng  R«C — ^DCC 
21,  07.    i  flg«.    2iOU  w.  20c. 

Hudson  Memorial  Bridge. 

The  DrFi>:n  for  tb.'  Hudson  Memorial 
Uridine,  New  York  Cu.y.  Krm'  News — Dec  19, 
07.  2700  w.  20c.  An  •■ditorial  In  which 
the  ftjaBlbillty  of  erection  i«  (iiiestloued. 

The  EiiK!HH*  i-lnp  Fcaturrs  of  the  Proposed 
Hudson  Memorial  Briilk;.-.  Knt;  H-t— .3400 
w.  20c.  A  report  to  (".  M.  In;iorsoll,  chief 
engineer.  Department  of  Hrtdi,'<  s.  Ni  w  York 
City,  by  Leon  S.  Molsselff,  engineer  In 
charge. 
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HIGGINS' 


DRAWING  INKS 
rrCRNAL  WNITINa  INK 

ENanossiNO  ink 

TAURINE  MUCILAOC 
FHOTO  MOUNTER  PASTE 
DRAWINO  BOARD  RASTK 
UaUlO  MSTC 

oFPiec  msTK 

VEOETASLK  OLUK,  ire. 


iire  the  HMStairi  BettlMt  tf  Thdr  KM 


Emancipate  yourself  from  the  nse 
of  corrosive  and  ill-srnelling  inks  and 
adhesivea  and  adopt  the  Hlgxli^ 
loks  and  AdJiesives.  They  will 
bs  •  tsveladon  to  you,  they  are  so 
sweet,  clean  sod  well  pat  up.  For 
home,  offics  or  school  QSS  thsy  srs 


AT  DEALEBB  OBMEBALLT 


CHAS.  M.  HIQQIN8  &  CO.,  Manufacturers 

271  Itinlli  Slrcct,  BROOKLTN.  N.  T. 


MIDGET  SLIDE  RULE 

B  in.  loot,  with  Ma^ntfrlat  ClkM  Indicator 


Dtanrfig  Materiab  aid  Sonreyiv ' 

Write  for  Circmhr  No.  8 

KOLESCH  &  CO.,  138  Fnltoii  Street 
New  York 


En-ABUSiTCD  1883 


R.  SEELIG  &  SON 

MAwerAertniEKri  or  ns  most 

IMPKOVED 

Engineerifj^ 
^  Surveying 
Instruments 

liMtnnNols  Oantalb  SipSfasd 
•■dIdJuSL 

170  E.  Madison  Street 

ChicagfO 

8«id  for  (pcclal  catalogM 


BUFF 


ENGINELERING 
INSTRUMENTS 


The  'Buff's " 
Mriy  iiliiwie  is  Ihi  ntisM  esiiieer 
who  awns  aw  sirf  is  |M  le  tiH  si  his 

accurate  work. 


L  G.  RUEHLE  &  CO. 

lie  FUtoB  St,  NEWYORK  ^pF^g        AKMnECTS'  AND  ENGINEERS'  SUPPIIES 

MiiMfadeftrs  mi  l^psilm    TSfSLST  ^    DRAWING  MATERIALS 

^mH^K  TNB  ORBATKST  TIMI  MVIII  IN  IXI^TBNOR  ^^HM^M 
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Lsrge  Compivsjilon  Members,  Testa  of. 

A  Scries  of  Failure  Tests  of  Full-SIze  Cora- 
presBiiiii  lombers.  Made  for  the  PennB.vl- 
vanla  Llnea  West  of  PlttsburB.  C.  P. 
Buchanan.  Eng  News —Dec  2C.  07.  53  figs. 
6200  w.  20c.  Gives  results  of  Id  tests  on 
po«tt  and  ckoirds  of  varloiiB  alsw. 

Twelve  Tests  of  Carbon-Steel  and  Nlrl  i  l 
Steel  Columns.  J.  A.  T..  Waddell.  Eug 
News — Jan  17,  08.  3  Hks.  4t;oo  w.  20c, 
Gives  ri'sults  of  recent  tesls  ou  full-size 
bridge  compression  nieiubers,  with  a  com- 
parison of  same  and  those  by  Mr.  C.  P.  Bucb- 
'luuuui.  -' 

BtfOHM  IB  Olrdms* 

Detonntnatlon  of  Stresses  In  Web  and 
SUfltenera  of  Girders?    P.  E.  Turneaure.  Ind 

Mag— Dec,  07.  21  fi^is.  4100  w.  20c. 
Presents  results  of  certain  experiments  on 
plate-Klrrter  webs  and  stlffeners,  together 
with  a  theoretical  discussion  for  assisting  In 
Ittter^wtlng  tbo  mult*. 

BABmWORK,  BOOK  EXOAVAltOW,  ETa 
Clearing  and  GmUiInc,  Goat  of. 

Hethoda  and  Costa  of  Claarlfts  and  Orub- 
blttg  Land.  Eng-Contr— Xiao.  S5.  07.  KOO 
w.  20e. 

DvUling  and  Mailing  in  Rock  Tunnols. 

Method  of  Drliliag  and  Mucking  In  a  Rock 
Tunnel  and  a  Comparison  in  the  Tunneling 
on  the  Rand.  fingg-Contr — Jan.  1,  08.  i 
figs.   2SO0   w.  SOe. 

Holei.  Coat  at  Dlggfag. 

Cost  of  Digging  Holes  and  Planting  Treaa 
and  Shrubs.  Eng-Contr — Jan.  1,  08.  1800 
w.  20c. 

The  Cost  of  Digging  Post  and  Pole  Holes 
by .  Hand.  Bn^ontr — ^Dae.  18»  07.  700 

w.  20c. 

Steam  Bhovcl  Excavation  aad  Dredging. 

The  Cost  of  Steam  Shovel  Excavation  and 
Dredging  at  Panama.  Eng-Contr — Jan.  8, 
08.  3000  w.  20c.  From  the  report  of  MaJ. 
D.  D.  GaiUard.  of  the  Lsthnilan  Canal  Com- 
mission, for  lirst  fiscal  year  ending  June  30. 
07. 

BNGINEERINO  OONSTRUCTnOir. 
Build  iiij;. 

A  Kclu forced  Concrete  Hotel  Building  in 
Oakland.  Cal.  Edwin  L.  Soule.  Eng  Rec — 
Dae.  21,  07.  6  figs.  l&OO  w.  20c.  Olvea 
detalla  of  eon«trtteUon  of  a  0-«tor7  atruetuTo. 

ChlmneTB,  Belnforved  Concrete. 

Failures  of  Reinf  irced  Concrete  Chimneys 
and  }{ecominondntions  for  IJoslgn  and  Con- 
atructlon.  Sanford  E.  Thompson.  Eng  News 
— Jon.  9,  Oii.  2  fiss.  ;.:.oo  w.  20c.  Ab- 
stract of  a  report  prepared  for  the  Assocta- 
tlon  of  American  Portland  Cement  Manafao- 
torera. 


Concrete,  HnndlInK  of. 

Handling  Concrete  in  Contractors'  Plants. 
W.  F.  Tubesing.  Ome-Bngg — Dac.  ^7. 
1500  w.  20c. 

Hoist  and  Car  Plant  for  Mixing  and  Plao> 

Ing  Concrete  for  a  :tO-Span  Arch  Viaduct. 
Kngg-Contr — Dec.  18,  07.   600  w.  20c. 

Dams.  ' 

Electrically  Operated  Sluice  Gates  for  the 
Shofihono  and  Pathfinder  Dams.  F.  W. 
Hanna.  Eng  News — Jan.  2,  08.  3  flga. 
3100  w.  20c.  Describes  in  detail  the  mecli> 
anism  and  operation  of  fha  liliih-prMenfa 
gates  used. 

Raising  a  Dam  at  l.ennop,  Germany.  Eng 
Rcc — Dec.  28.  07.    2  Ogs.     MOO  w.    2  0c. 

The  i  rft  Dam  and  Hydro-Electric  Power 
Distribution.  (COOCI.)  Bftgg— IMC.  IS,  07. 
4300  w.  40c. 

Field  Woiic,  System  In. 

System  in  Contracting — ^Notea  on  Field 
Work.    A.  D.  Williams  Jr.   Oono  Bngg-» 

Dec,  07.    1500  w.  20c. 

Piles,  Benrloi:  r(i\>er  of. 

DIagran:  tu  Uetermlne  the  Bearing  Power 
of  Pllaa.  O.  F.  SUckney.  Bng  Beo — ^Dec 
S8, 07.  Sllga.  600  w.  SOc. 

RdnfOPoed  OonoKCe  ConalinuUon. 

Artistic  Treatment  of  Heinforccd  Con- 
crete. A.  O.  Eisner.  Mun  Engg — Jan.,  08. 
2600  w.  40c.  A  paper  read  befota  tlM 
American  Institute  of  Architects, 

Calculations  for  Reinforced  Concrete  Con- 
struction. C.  Vlachor.  Beton  u  Elsen — 
Dec,  07.  3  llgs.  3^00  w.  $1.00.  Gives 
calculations  in  which  the  tension  of  the  con- 
crete is  considered,  and  also  determinations 
of  the  valtto  of  B,/iB«  by  a  nnmbar  of  tnveatl- 
gators. 

Characteristics  of  the  Chief  Systema  of 
Reinforced  Concrete  Applied  to  Buildings  Itt 
Great  Britain.  Con  &  Constr  Engg — Jan., 
OS.  11,000  w.  40c.  Gives  brief  descrip- 
tions of  details  of  the  leading  systems  for 
reinforced  beaaa,  lloore.  colutnna,  etc. 

Concrete  nnd  Relnforceil  Concrete  Con- 
struction in  ilto  Utibuilding  of  San  Francisco. 
John  R.  Cahlll.  Con  &  ConsCr  Bngg— Jan., 
08.    17  flgs.    3800  w.  40c 

Estimating   Costs  of  Forma  for  BalB* 

forced  Concrete.     Robert  E.  Lamb.  Cono 

Eugg— Dec,  07.    900  w.  20c 

Bxpertments  with  Reinforced  Concrete 
Beams  and  Columns,  Carried  Out  by  Protaa- 
Bor  Talbot.  1905-lOOS.  Cbas.  P.  ICarsb. 
Con  ft  Conatr  Bngg— Jan..  08.  0  Jlga. 
11.000  W.  40c. 

Note  on  the  Calculattoa  of  Tension  In 
Reinforced  Concrete  Beams  and  tbe  Deter> 
uilnatloQ  of  the  Corresponding  BMnfordttg 
Bar  Diameter.  B.  Wuckowatc).  B«>tnn  u. 
Eiseo — ^Dec.,  07.   4  figs.    200  w.  f  1.00. 
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There  ts  'But  One  Standard 

Publication  Upon  All  Forms  of 
Portland  Cement  Construction 


Concrete 


PuUifked  MoHtUy,  Price  $IJ00  per  year 


q  CONXRETE  is  the  most  widely  read 
journal  in  its  field  and  has  the  largest 
bona-fide  drculation  among  that  dass 
of  people  directly  interested  in  the 
cement  and  concrete  industry. 

9  Its  editorial  matter  is  practical  and 
definite.  It  carries  more  advertising 
than  any  other  journal  in  this  field  and 

its  advertisers  are  reliable. 

Send  Ten  Cents  ior  Sample  Cepy 


Cement  Sidewalks 


Q  Plain,  everyday  advice  on  how  to 
make  cement  sidewalks  is  contained  in 
our  new  booklet,  "  Cement  Sidewalks." 
This  booklet  covers  every  part  of  ride- 
walk  making  and  is  designed  for  prac- 
tical purposes.  It  is  small  and  wilt  fit 
into  your  coat  pocket.  Price  2$  cents. 


Concrete  Publishing  Co. 

235  Newberry  Building,  Detroit,  Mich. 


FRED  W.  BARNAGLO. 
160  NWMQ  St.,  NBW  YORK,  M.  T. 
Patuit  Oouwdor. 

e»M*rm*  iraxmw  to  muoanoM  n»> 


BDWARD  S.  BEACH. 


aiMlUIiliV  XN  PATBNT.  TRADMUlUC  AMD  OORc 

FORATION  CASES. 

ao  Wall  StiMt.  NBW  TOBXi 


TRADE 
MARKS 


PATENTS 


COPY- 
HfiHTS 


ALL  f"*"  roturiii'<l  if  i)fil»-ul  lt>  imt  iwcuri'd,  Bond  skelch and 
dMcrlpUon  tor  tree  report  aa  to  pateDtabtlUjr.  AdTio*  MUX 

 WL  rloH'" 


book  OB  "PAlVn* 

J0VB8  a  waSm, 


i,]».a 


C\  Li.  PARKER 

aouoiTOB  OP  PAmtra, 

Patwts  wuemA.  Raport*  rendered  M  to  pAtaataMUtp, 
TSIMltr  Ud  laMacMsant    Patent  sulti  conducted. 

U  DiaU  Bldg.,  WASUIMOTON.  O.  Q. 


PATENTS 


Trado-MarlHi.  LaMa  9aA  —„-  , 

book.  "Row  to  dot  Tham."  if  you  will  mat  no  •  roagfc 

pencil  drawing  and  deacrlptlon  of  rour  loTentlon,  I  wUl 
give  you  mj  fre«  oplnloa  as  to  Ita  pateDtablllty.  If  I 
aar  It  la  patantabla.  It  is,  and  xoa  abouid  bara  It  p*t^ 
eaud  at  obm  and  turn  It  Into  moaay.  It  It  la  not  patnt> 
abla.  I  win  tall  jon  ao.  Beat  aarrleo  la  oyair  SagonaMoL 
Whjr  not  hare  ItT  It  coeta  no  more  and  uanalfy  loaa  to 
the  end.  Do  not  make  tba  mUtake  of  applrlnf  for  a 
gaUtnt  until  rou  have  nent  for  my.  free  book.  AMot 

JOSHUA  R.  H.  POTTa 

LAWYBR, 

aOSMlalk  St..  Wtuhlngtoa,  D.  c. 

80  Dearborn  St.,  Cblcaco. 


Patnalit  BNOnaOBBIMa  DIOBaT  AAfwtlsdn  Whtn  Ton  On. 
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Propoa«d  Concrete  OiHiitructlon  Cod*  tor 
New  York.  Cono-Bngv— Dec.,  07.   1(00  w. 

SOc. 

Regulations  of  the  Philadelphia  Bureau  of 
Bttlldins  InapecUoa  In  Recard  to  the  Use  of 
Relnforosd  CoBoratie.  Bmlle  O.  Perrot. 
Proe  Engrs  Club  of  Phll»— Oct,  07.  8  flga. 
6300  w.  SOc  Paper  read  liefore  the  Bngr's 
Club. 

Reinfnrcod  Concrete  Beams  for  Long 
Spans.  K.  Gebauer.  Beton  u.  Elsen — Dec, 
07.  3  fixe,  laoo  w.  $1.00.  Conclueion 
of  article  deflcrlUng  the  Tlerendeel  flTBtem 

of  construction. 

TestH  of  Bond  Between  Plain  Bars  and 
Concrete.  L.  R.  Viterbo.  Eng-Contr — Jan. 
1.  07.  1  fig.  1000  w.  20c.  Gives  results 
obtained  at  the  testing  laboratoty  Ot  the. 

Washington  Unh  ersit) ,  St.  Louis. 

The  Question  of  liond.  H.  P.  Portpr. 
Cone  Engg — Dec,.  07.  1700  w.  20c.  A 
dl6!Mi«^{nn  favoring  the  use  of  smooth  bars. 

Betalning  Walls. 

Notes  on  Retaining  Walls.  Arthur 
Thomas  Walmlsley.  Surr — Jan.  3,  08.  9 
flgi.  6600  w.  40c.  Paper  read  lately  be- 
fore the  Civil  and  Mechanical  Eoclneeni 
Sodetjr. 

lletalnlng  Walls  on  the  Delaware.  Lack- 
awanna &  Western  R.  R.  at  Buffalo.  Eng 
Rec — Dec.  21.  07.  1  fig.  1100  w.  20e. 
Describes  recently  completed  reintorced-eon- 
erete  retalntas  walls  tor  track  elevation 
work. 

Sewer  Construction. 

Method  and  Coot  of  Drlvlns  a  Short  Tun- 
nel for  a  Sewer.  Eng-Oontr — Jan.  1,  07. 

i  haa.     2Zi>0  w.  20c. 

Proposed  Traveling  Form  for  Constructing 
Water  Pipe  or  Sewers.  Bngg-Contr — Jan. 
8. 08.  1  fl«.   000  w.  SOe. 

Stractural  8ted  \m.  Reinforced  Ooowreto. 

Structural  Steel  vs.  Reinforced  ConcretP. 
R.  i:.  W.  Hagarty.  Can  Cement  &  Cone 
Rev  D.T..  h7.  2  flgs.  2  30  0  w.  2  0c.  From 
"Applied  Science,"  the  Journal  of  the  Unl- 
yerslty  of  Toronto  Bnglneerlng  Society. 

Air  Compressors  on  New  York  Tunnel 
Work.    Frank  Richards.    Comp  Air— Jan.. 

OS.    10  flffp.    4100  w.  20c. 

A  N'fiv  Hi^li'Aay  Tunnol  Under  the  Thauies 
River  si  I.i  ti.ioti,  England.  E.  H.  Tabor. 
Enp  X'-vr  D'H  10.  07.  17  Ars.  4200  w. 
L'Mr.  1  >i'si  :ilics  iliH  conf^t  r-u't  of  th*'  Rotl'- 
erhithe  tunnel  and  the  shields  and  excavat- 
ing uiat  hlnes  need  tor  the  main  and  pilot 
tuiineis. 

Kt  u  iiiii.c:   the    Tunnel   at    Altorib;i>  k.  ii 
Zri:  I  ir  l!;iu w<jst:-ii — -Nov.,  07.  3  flgs-     2  1  no 
w.    $2  00     Dcsi  rlti-'s  roethodB  used  in  re- 
palrlnL'  a  tnriri.'l  of  the  Sofst-Kriensen  R.  R. 
In  the  Egge  Mountains.  Germany. 


Water  Tank,  Reinforced  Concrete. 

Reinforted-Concrete  Water  Tank.  Mar 
Sleb.  Betou  u.  Elsen — Dec,  07.  11  figs. 
5000  w.  11.00.  Gives  calculations  and 
methods  of  construction  for  a  large  reservoir 
supported  on  columns,  used  In  a  CQftahi 
factory  In  Plauen.  Saxony. 

MATERIALS 

.Asphalts. 

Asphalts — Their  Origin,  Development  and 
Uses^ — I.    T.  Hugh  Doorman.  Waterproof- 
ing— Dec,  07.    6000  w.  20c 
Oement  and  Ooncretei. 

Concrete  of  Exposed  Selected  Apgregates. 
Albert  Moyor,  Mun  Engg  -  .Ian.,  07.  4  flgs. 
2200  w.  40l-. 

Hydraulic  Properties  o£  Reground  Cement 
-Mortars.  Engg — Contr — Jan.  1,  08.  1200 
w.  20c.  Extract  from  a  paper  presented  at 
the  annual  convention  of  the  Asan.  of  Amert> 

can  Portland  Cement  Mfrs. 

Portland  Cement  in  Rocky  Mountain  Re- 
gion. Oeorse  .1.  Hancroft.  Miu  Sr — Dec. 
26,  07.  2  flgs.  2  7  00  w,  20c.  Discusses 
the  quality  and  extent  of  doposlta  in  Colo- 
rado, Utah  and  WvLuiilug,  the  grade  and 
price  of  product,  and  gives  a  brief  outline  Of 
manufacturing  process  used. 

Some  Historical  Notes  on  the  Invention 
of  Portland  Oement.  Ctm  ft  (k>nstr  Engg^ 
Jan.,  08.   8  flgs.    1000  w.  40c. 

The  Analysis  of  Concrete  Uoynl  I,.  Wales, 
Eng  News — Jan.  9.  08.    1800  w.  20c. 

The  Cement  and  Hydraulic  Limes  ladua* 
tries  from  the  Consumer's  Point  of  View. 
H.  Le  Chatclier.  Brit  Claywkr — 8400  w.  400. 
Translated  from  the  "Revue  Metalhirgique." 

The  Finish  of  Concrete  Surfaces.  Eng 
Rec — Dec.  28,  07.  1  400  w.  20r.  Gives 
instructions  for  im parting  a  variety  of  sur- 
face textures  to  concrete  work.  Kxtracts 
from  a  paper  before  the  Boston  Soc  of  C.  E.. 
by  M.  C.  Tuttle. 

The  Modem  Manufacture  of  Portland 
Cement— II.    Brit  Claywkr— Dec,  07.  8 

fiKs.    1600  w.  40e. 
Iron  and  Steel. 

Breaking    Tests    of    Nicked    Bars.— TL 
Herr  Ehreusberger.   Z  V  D  I — ^Dec.  28,  07. 
7  llga.    8000  w.    60c    Deacrlbea  testa  od* 
carbon  and  alloy  steels  by  means  of  a 
pendulum  hammer  testing  machine. 

rold-RoUef!  and  Cold-Drawn  Steel  Bars. 
Arthur  J.  Wood.  Eng  News — Jan.  17,  08. 
4  figs.  2200  w.  20c.  Gives  comparative 
tests  of  hntii  kinds  of  bars,  wblcb  seem  to 
show  thill  they  both  possess  the  same  gen* 
eral  qualities. 

Notes  on  the  Comparative  Rusting  of  Cast 
and  Wrought  Iron.  A.  Schleicher  and  O. 
SchultSE.  Stshl  n.  Elsen — Jan.  8,  "08.  T 
flgp.    ;?oon  w.  ror. 

Tor»ioii  Tests  on  Rectangular  Bar.s.  .\ug- 
uBt  Hempeimann.    Dingler's  Poly  Jl  Dec 
7.  07.     1  fig.    2400  w.    Dec.  14.    7  fln. 
if>oo  w.   Dee.  21.   5  flga.   8200  w.  Back 
40c. 
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Godfrey's  Tables 

lECOMD  IMTION 
TIm  h  lb*  mm  mtht  book  a  iirwtnil 


Price,  $2.50 
To  club*  of  five,  $2,00 


Br  iht  urn, 

CONCRETE 

Will  be  iMtted  in  •  few  week*. 

A  book  (or  designFrs  and  users  of  concrelfia 

Price,  $2.50  net 

Order*  accoBipanied  by  remittaace  of  $2.00.  *ent 
before  March  10,  wiU  be  6lled  a*  *oon  u  ihe 
{K)ok  issu»  froB  the  piCM.  Abut  Much  10  the 
net  price  will  prevail 

Publiihcd  by  the  author 

EDWARD  GODFREY 

MeaongeheU  Bank  BiaMing 


Saccetsfnl  Advertising — How  to  Acccnpliibit 

Br  J.  AoKUS  MacDonald  — A  thoroughly  practical 
work  now  In  It*  ISth  eilltion,  covering  CTwy 
pbase  of  retail  adverttslus— a  book  tbat  should 
be  In  the  bands  of  every  adveftlMT*  tafWVad^ 
writer,  clerk,  and  studant  of  ■dwanUk  OlOtki 
400  pagca.     Prlrc.  |2.00. 

Modern  Advertising 

By  Earnest  Klmu  Calkins  and  Ralph  Holden.— Treat* 
a  wide  range  ot  topic*.  Inclualng  Brief  Hl*tory 
of  AdvertlUDg,  ChMuieto  of  Troda,  Mugulnae 
and  Newspapara.  Oeneral  Advertlaera.  Advertls- 
Inc  Maaater,  General  Adverttslns  Agent,  Retail 
Advertlalng,  Mall  Order  Advertliing,  Styles  ot 
AdTOTtbtac.   Machaalcal   Detalla,  ate.  Cloth, 


Tkt  Tlieory  of  Advertiting 

By  Walter  Dill  Scott,  I'h.  U  — Offerd  much  needed 
help  to  every  bu?,lr.t-s  man,  Wrlltfri  \ri  simple 
terms  and  plala  language  and  Illustrated  with 
reproduction*  of  actual  advertisement*,  which 
■re  orltlcleed  In  the  light  of  the  general  princi- 
ples dlicuised.  These  principles  may  bo  op^led 
to  any  buslncsg  or  to  any  kind  of  pndiflt.  HOlt 
leather.  Illustrated.    Price.  $2.00. 

Secrets  of  the  Mail-Order  Trade 

By  Samuel  Sawyer. — Treating  the  Theory  and  Prac- 
tice of  Mall-Order  MerchandlxlDg.  Cloth.  Price, 
SI  00. 


The  Technical  Literature  Co. 

r,  N«w  Ywk 


The  IndoMtrial  Laboratoriea 

Mow  Toik  Oitar. 

oaA  SapwviM  OoMtrmUon  of  ,  

AMoa  Wboraror  Cbemlcala  aro  Made 

J.  K.  TEEPLK.  Pli.U..  Director 


Kiohard  K.  .Mi  adi 
l>ii«ctor 


Meade 


Clarenre  E.  Kline 
Manager 


Testing  Laboratories 


Cement  Inspection  and  Tests 

Mill  Inspection,  Standard  Tests, 
Expert  Opinions,  Chemical  Analy 
Mi^  Scientific  Investigatloaa. 

NAZARETH.  PENNSYLVANIA 


Mkliigu  Teduical  Laboratory 

Teetlng.  Consulting  and  Analytical  Chemist*. 
Aaalyaaa  oad  Beports  ntada  in  all  Bnaebao  ot  Indw* 
trial  CluaUatir>   Btpart  A«Manea  la  all  BiaaalMa  wt 

Bnctoeering. 

SS-00  Lafayette  Boulevard,  DETROIT,  MIOH. 


AMLYSIS  DISCLOSES  ^ 


mmm  secrets-^* 

Indostrial  oroducta  eaanloed  y|V 
and worlan«fonDulaa provided.  #  |X 
PmcoaMStiaproved,  Oonnsel  £  j  M 
evid«oco.AaaByo(oraa,alloia,  %Jjv 
fala.  ate.  lavemaeaaHlaM. 


■OMMOCK  UBORATORIEt,  CNICMO. 


By  Jame*  C.  Fernnid  L.  H.  D.— Over  7.S00  claaalfled 
synooymfi  with  shades  of  meaning  carefully  di*- 

crlmlnatod.  Nearly  4.500  clasalfled  antonym*. 
C't>rreiH  u'e  of  preiiOsltlutiN.  hints  and  helps  on 
the  arcurale  use  of  word*.  Cloth.  Price  by 
mall,  $1.65. 


A  Desiibook    bm  m  EMiiifc. 

Collo^wlollMMi  mm»  9Umg  to  bo 


Coaeowtlom. 


InrladlDK 
Notes  on 
Avoided  In 


By  FniBk  R.  VtMteUy.— It  trcata  the  hundred  and 
one  queatlons  that  arise  In  dally  speech  and 
correspondence  which  are  not  touched  oo  by  the 
dictionary.  12nio,  dotta,  240  pace*.  Frice,  7ft 
oaata.  net   By  mall,  n  — ^ 


The  Technical  Literature  Co. 
220  Broadway,  New  York 
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The  Baryta  Treatment  of  Decayed  Stone. 
H.  A.  Chiirrh.  Am  Arch— Dec,  21,  07.  1300 
w.  20c.  From  "The  Stone  Trades  Journal" 
for  Not.,  07.  • 

The  Stone  Crnililng  Plant  at  the  If mard, 
XtL,  PeaitentlBiT.  3Bng  Reo — ^Dee.  21.  07. 
2  flga.   1400  w.  SOc. 

Wood. 

The  Strength  of  Wood.  H.  D.  Tiednian. 
Wd  Craft — Jan.,  08.  2400  w.  2()c.  Ab- 
stract of  paper  read  at  a  meeting  of  the 
American  Society  for  Testing  Materials.  Dla> 
eaaeee  the  effect  of  molitare,  temperatnrer 
■peed  of  loading,  diylng,  and  other  eztrlnelc 
factors  of  wood. 


RtVEBS.  OAITALS,  HABBOR8. 

Oanalfi. 

Tho  nhcfn-Wescr  Canal.  Zelt  filr  Bail- 
wpscn  Nov.  07.  13  flgs.  17.000  w.  $2.00. 
Describes  the  proposed  canal  and  treats  at 
length  of  Its  effect  on  transportation  In  Ger- 
many, together  with  a  discussion  on  the 
advisability  of  electrifying  the  route  and 
methods  to  he  adopted  therefor. 

The  FhiHhlng  Tunnel  for  the  Gowanua 
Canal,  in  Druoklyn,  N.  Y.  Eng  Reo — Jan, 
11.  08.    4  figs.    3800  w.  20c 

Dock. 

The  Steel  Ore  Doek  at  Natvok,  Morway. 
John  Blrklnbine.  Ir  Age-^Jan*  9,  08.  6  flgs 

2700  w.  20c. 

Flow  in  Pipes,  RiTcrs,  ete. 

An  Investigation  of  the  Flow  of  Water 
in  Partly  Filled  Pipes,  Canal,  Brooka  and 
Rivers.  Adolph  Staendinp,  Goaund  Ing«-> 
Dec.  21,  07.    4  flgs.    3800  w.  60c. 

Flow  of  Water  In  Open  Conduits,  A.  P. 
Merrill.  Kng  Rec — Dec.  28,  07.  1  fig. 
270U  w.  20c.  Gives  a  new  formula  with 
coefllclents  based  on  the  study  of  a  large 
number  of  recorded  meoaaremente. 


Irrtgotioii  Pmupliig  Testa. 

The  Testing  of  Irrigation  Pumping  Plants. 

Eng  News — Dec.  19,  07.  3  flgs.  5600  w, 
20c.  Describes  methods  and  apparatus  used 
and  results  obtained  In  tests  carried  not  in 
Cal.  under  state  and  governmental  auspices. 

Land  itftf laiMaMmi , 

Land  BedamatloB  In  Holland,  in.  Bngr 
(Lond)— Dee.  IS.  07.   2000  40e. 

JUock. 

Construction  and  Unit  Costa  of  Coaerete 
Lock.  Rough  River,  Kentnifty.  Bag  News — 
Jan.  9,  08.    3  flgs.    2600  tr.  tH, 

Rock  Cutter  for  OMud  Work, 

The  Method  of  (hMMtIng  a  Lobotts  Rock 
Cutter  In  Canal  and  Bhrhor  Work.  Llndon 
Bates.  Bngg-Cocttr — ^Dee.  18,  07.  1  fig. 
2000  w.  20e. 

Sea  Defeases. 

A  New  Sea  Wall  with  Relnforeed  Concrete 

Pile  Foundation.  2lelt  fiir  Bauwesen — Nov. 
07.  3  flgs.  3400  w.  12.00.  Describes  a 
recently  completed  wall  at  the  harbor  of 
DUsseldorf,  Germany. 

'  A  Simple  Mode  of  Arresting  Shore  Erosion 
by  Sand  Forces.  O.  C  Sharer.  Bag  New»— 
Dec.  26.  07.   2  flgs.   400  w.  20e. 

Reinforced-Concrete  Sea  Defences. — I.  H. 
Huisman.  Con  &  Constr  Engg — Jan.,  08. 
11  flgs.  1900  w.  40c.  Describes  work  In 
Holland  constructed  on  the  Muralt  system, 
which  employs  eammded  metal  for  relnforee- 
ment. 

Otfeain  Gaging. 

Ga^;inK  Water  Coufbcb  with  Shifting  Beds. 

R.  Tavcrnior,  .^nnales  Ponta  et  Chauss— 
Nov..  07.  IS  flgs.  1400  w.  $1.K0.  Do- 
scribes  methods  used  in  the  Alpine  regions, 
where  ordinary  methods  cannot  be  employed 

on  account  of  the  continually  changing  sec> 
tlona  of  the  channel. 

SlTtVEYTXG,  >IFNStTItATIOX. 

Accuracy  of  Slide  Rule  Computations. 
John  Berg.  Bag  Roo— Doc  21,  07.  1800 
W.  20c 


EGONOMIGS 


Alaska,  Kn^ineerlng  Work  in. 

Natural  Conditions  Affecting  Knglneerlng 
Work  In  Alaska.  Capt.  Geo.  B.  I'lllsbury. 
Bug  News — ^Dec.  26,  07.    1300  m.  20c. 

ApV^ntlces,  Education  of. 

Grand  Trunk  Apprentice  System.  Am 
Engr  &  R  Jl — Jan..  08.  7  flgs.  4600  w. 
40o.  Describes  the  courta  used  Cor  the  past 
few  years,  wkieb  Indudea  a  tborougli  shop 
training  and  a  course  In  mechanical  draw- 
ing, simple  mathematics  and  applied  me- 
chanics. 

The  Apprenticeship  Question.  Oscar  E.  Per- 
'  rigo.  So.  Macby — Jan.  06.  3000  w.  20e.  8ug> 


gests  a  practical  syet'  i  i  insf  ruction  to 
provide  lor  their  teohaical  as  well  as  rae- 
elianical  Instruction,  to  improve  tho  shop 
lotnlltiouH  under  which  they  work  and  to 
in<  n.si  their  interest  and  enthoslaam  la 
their  work. 

Engineering  ^fusenm. 

A  New  EUrtiueeriiig  Museum  In  Berlin, 
Germany.  Bruno  Braunsburger.  Eng  News 
— Jan.  9.  08.  5  flgs.  1600  w.  20r.  De- 
scribes recently  opened  museum  of  railways, 
water  construction  and  trausportatioa,  and 
architecture. 
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Technical  Education 


Armour  lastitate  of  Tedinology 

CHICAGO.  ILJJNOIS. 

ConrMt  In  BI*ctrie«I,  MechanlcAl,  Civil,  Chtmlcal  and 
Tin   Protection   Eaglneeiing  acd  Arcbltectur*.  Com- 
pletely equipped  laboratories  In  all  department!. 

Tear-book  sent  on  application. 

Lehigh  University, 

80X7TH  BETHLEHEM.  FA. 
HENRY  S.  DRINKEOt,  President. 
Courses  In  Civil,   Mechanical.   Mining.  Metallurgical. 
Electrical,  and  Chemical  Bngioeerlng,  In  Electrometal- 
lurgy and  Chemistry.  Also  Classical  and  Literary  Course*. 

Por  further  Information,  for  Registers  of  the  University, 
and  for  descriptive  circulars  of  the  different  couraaa, 
addreaa                                          THE  REGISTRAR. 

Clarkfon  School  of  Technology. 

Thomas  S.  Clarkson  Memorial.  Potsdam,  N.  T. 
OrKantied  under  charter  of  the  UnWersltr  of  the  State 
of  New  York.    Courses  leading  to  degrees  of  Bachelor 
of  Science  In  Chemical,  Civil,  Electrical  and  Mechanical 
E^nglneerlng,  comprising  four  years  of  thorough  training 
and  resident  college  work  In  theory  and  practice  of  engi- 
neering.    The  Clarkson  Bulletin,   published  quarterly, 
mailed  on  application. 

WM.  8.  ALDRICH,  Director. 

RensteUer  Polytechnic  Inttitnte, 

TROY,  N.  T.  ' 
A  SCHOOL.  OP  ENGINEERING  AND  SCIENCE. 
Roads.  Railroads.  Bridges.  Roots.  Arches,  Dams.  Steam 
Engines,  Electric  Qoglnea,  Dynamos,  Turbines,  Founda- 
tions,  Water-Works,  Tunnels,   S«wer8,  Rivers,  Canals, 
Chemical  Analysis,  Mineralogy,  Metallurgy,  Assaying. 
For  catalogue  or  other  Information,  address. 

PALMER  C.  RICKBTTS,  Prealdest. 

College  of  Engineering, 

OHIO   NORTHER.N    UNIVERSITY,   ADA,  OHIO. 
CoDXS«s  in  Civil,  Mechanical,  Electrical,  Mining,  Sani- 
tary, Municipal,  Architecture. 
THOROCOH.             PRACTICAU  ECONOMICAL.. 

School  In  session  the  entire  year.    No  time  limit  for 
graduation.   No  fees.    Enter  any  time.    We  give  students 
what  they  ne«d,  when  they  need  It. 
For  pamphlet,   catalogue,   or   Information,  addreaa, 

THOS.  J.  SMULLs  Dean. 

Rote  Polytechnic  Institnte, 

TKRRB  HAUTE.  INP. 

Courses  In  Mechanical.  Electrical  and  Civil  Englneerlnx, 
Architecture  and  Chemistry.     Extensive  Shops.  Com- 
pletely equipped  Laboratories  In  all  Departments.  Ex- 
penses low. 

For  catalogue  or  sj>eclal  Information,  address, 

C.  L.  MBES,  PrMttftot. 

"SNOW  WHITE" 


PORTLAND  CEMENT 


if  not  approached  by  any  known  product  for  the  following 

purposes,  yiz.: 

Facing  for  concrete  construction  and  stucco. 
Ornamental  and  architectural  forms. 
Superior  substitute  for  terra  cotta  work. 
White  g^und  for  terrazza  and  mosaic  work. 
Base  for  all  artificial  stone,  floor  and  other  tile. 
Special  sanitary  plastering  of  all  kinds. 
Architectural  landscape  work. 
For  setting  marble  and  light  stones  or  brick.  sf 
Plastering  elevator  and  light  shafts,  etc. 


TRADE  MARK 


SNOW  WHITE  " 

Portland  Cement 


HAMMERSTEIN  &  DENIVELLE  CO. 

Sole  Agents  for  Berkshire  White  Portland  Cement  Co. 


451  WEST  S4th  STREET 


NEW  YORK  N-  Y' 


In  writing  for  BiiniiiW'  nr  pries  |>Ic>ni»e  montli>n  Th«  F.nirlncorliid  Dlm-i*:. 
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Kligln«»orlng  fiaU-snien. 

The  Function  of  the  Engineer  as  a  Sales- 
man.   Sterling  H.  Bunn«II.   Bos  MAC — Jan. 

08.    1700  w.  40c. 

Factorjr  Manai;eni«<iit. 

Maklni;  Quality  Automatic.  F.  M.  Feiker. 
Factory — Jan.,  08.  7  figs.  1700  w.  40c. 
Explains  the  value  of  critical  inspection 
throagbout  the  enUre  proo6«  of  manufao- 
ture. 

Runnllig  a  Factory  by  Schedule.  Robert 
Dally.  Factor}- — Jan.,  08.  13  figs.  1000  w. 
40r,  Shfiws  liow  the  schedules  of  originate 
ing  tlio  various  manufacturing  departments 

are  made  out.  how  tht'v  aro  put  in  operation 
and  how  iho  work  is  automatically  followed 
up. 

System  in  Control  of  Production.  Hago 
Dtemer.  Factory — Jan.,  08.  6  flga.  1200 
w.  40c,  Describes  metbods  by  which  the 
production  department  taheo  from  the  man- 
ager of  manufacture  the  burden  of  routing, 
acbeduUng  and  keeping  records  of  stock  on 
jobs  In  process  of  conatructloii. 


ELGCTRICAL 


FIJi:CTI{0ClfE!MI8TBy. 
Electrodiemlcal  Aoaljnds. 

Blectrochemlcal  Analysis  with  Rotating 

Anodes  In  the  Industrial  T4»boratory. — I. 
Andrew  M.  Falrlie  and  Albert  J.  Bone. 
Electrochem  &  Met  Indue — Jan.,  08.  6  llgl. 
1800  w.  40c. 

ESLBOTROPHTSIOS. 

Alternating  Ciirmit  Pheiioni<-na 

A  Plea  for  the  Physical  Treatment  of 
Alteruatlng-CuTrent  Phenomena.  Lamar 
Lyndon.  Bl  Bev — Jan.  11,  08.   1900  w.  20c. 

The  Theory  of  Alternate  Current  Trans- 
mission in  Cables  (Concl.)  C.  V.  Drysdale, 
Elecn-  Dec.  1.1,  07.  11  figs.  600  w.  Dec 
20.    2  figs.    800  w.    Dec.  27.    1  llff.  4000 

w.    Each  40c. 

Eteergy  Tnuttformatlowi. 

KtnTKy  Transforuuitlona  from  the  Elec- 
triial  I'lnginepf's  Standpoint.  (Concl.)  H. 
M  II  >l)art.  El  Rev — Dec.  21,  07.  2  flgs. 
ritit'ii  w  Each  4  0c.  Paper  read  before  the 
Birniiiiu-h:!:ii  l.nr;)'  Section  of  the  iMtittttlon 
of  Electrical  KiiKfneers. 

GENER.\TOR.S.  MOTOR.S,  TRANSFORMERS. 

Alt'crnaliiiK  Current  >lo(or!«. 

Single- Phase  indnction  Motor  Diagrams. 
Charles  F.  Smith.  Mech  Bngr — ^Oee.  21,  07. 

4  Di:8.    2300  w.  40c. 

The  lycaltage  of  Induction  Motors.  K. 
Goldtichmidt.  (Concl.)  Elecn — Dec.  20.  07. 
18  flgs.  3000  w.  40c.  Jan.  3.  '08.  12  flgs. 
3000  w. 

The  Torquo  Conditions  in  Alternate-Cur- 
rent Motors.  V.  A.  Fynn.  Bt  Bngg — Dec 
&,  07.  12  flgs.  «000  w.  Dec  19.  8  flgs. 
SOOO  «.   Bach  40c. 


Tho  Management  of  Production  in  a  Great 
Factory.  George  K.  Stratton.  Eng  Mag — 
Jan.,  08.  1  fig.  :;iOO  w.  4  0c.  Discusset 
the  division  of  responsibility  and  authority 
in  the  General  Bleetrio  Company's  shops. 

Gold  .Shipnient.s,  Minimizing. 

The  Mechanical  Manap'^mpnt  of  the 
World's  Stock  of  Gold.  Alc  \  i  Mar.  Eng 
Mag — Jan.,  08.  3600  w.  40c.  Proposes  a 
method  for  preventing  the  constant,  waste- 
ful and  Inconvenient  transport  of  aotual  gold 
coin  or  bnllton  to  and  tro  acron  the  Atlantic. 

taTentory. 

Taking  nn  Tnvontnry.  StorllnR:  H.  Bun- 
nell. Eng  News — Jan.  2,  08.  2600  w.  20c 
Describe*  a  oard  aystem  for  fadlltatlns  tho 
work. 

Naval  Engineers,  Education  of. 

The  Royal  Naval  College  at  Greenwich  and 
the  Training  of  linglneer  Officers  for  the 
Royal  Navy.  J.  W.  W.  Wagborn.  Inter 
liar  Bngg — Jan.,  08.  10  flgs.  4200  w.  40e. 


ENGINEERING 


Alternators. 

Notes  on  the  I'arallr!  Operation  of  Alter- 
nators. Waldo  y.  I. yon.  Bl  Wld — ^Deo.  28. 
07.    3  figs.    4600  w.  20c. 

Potential  C^flldentB  for  Single-Phase  and 
Polyphaae  Qonerators.  A.  Sengei.  Eiek 
Zelt — ^De«.  12.  07.    10  flgs.    1800  w.  40c. 

lieronl  Dovclopnient.s  in  .Sin  c;le-Phase 
Work  for  i'ower  and  Traction.  V.  R.  Wal- 
ters.    Klfc  Knpr — Dec.  20.  07.     7  figs.  4100 

w.  40c.  Paper  read  before  the  Birmingham 
and  District  Electric  CInh. 

Converter. 

Vertical  Shaft  Rotary  Converter  at  Chi- 
cago.  El  Wld — Dee.  88,  07.    4  Agi.  1400 

w.  20c 

Dtieet>Cnmnt  Cieneratore. 

Constant  Direct-Current  Generator.  E, 
Rosenberg.    Elek  Zelt — Dec  19,  07.    8  flga. 

1500  w.  40c 

The  Separation  of  Loases  In  Dlrect-Cumnt 
Machines.  El  Bngr — ^Dee.  18,  07.  1  flg. 
600  w.    40e.    Gives  a  simple  and  rellabto 

method  based  on  one  previously  brought  for- 
ward by  Prof.  Kapp. 

DtfCct-Ctarrent  Motors. 

Direct-Current  .Motors,  Their  Anion  and 
Control.  F.  B.  Crocker  and  M.  Arendt.  Elec 
Wld— Jan.  4,  08.   2  flgs.   1100  w.  80c, 

Dynamo  Design. 

The  Reluctance  of  the  Air-Gap  in  Dvnamo 
Machines.  T.  F.  Wall.  Elec  Engg  (Lond) 
-  Dec.  19.  07.  16  flgs.  4300  w.  40c. 
Paper  on  the  above  subject  read  before  tha 
Manchester  Local  SacsUon  of  the  Institute  oC 
Electrical  Bnglneers. 
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COMPRESSED 
AIR 


The  final  authority  on  Pneu* 
matict ;  edited  by  experts  ; 
addressed  to  practical  men. 

Are  You 

An  Engineer? 
An  Architect? 
A  Contractor  ? 
A  Manufacturer? 
A  Railroad  Man  ? 
A  Mine  Manager? 
A  Coal  Operator? 
A  Foundryman? 
A  Quarryman  ? 

Everything  relating  to  compressed 
air  practise  from  all  over  the  world 
will  be  placed  before  you  monthly 
if  you  are  a  subscriber  to 

Compressed  Air. 

A  new  volume — No.  I  3 — begins  with 
January,  1908.  Subscribe  now  and  get 
the  complete  volume  (or  the  year. 

$1.00  per  year — U.S.  and  Mexico 
$1.50  per  year — Canada  and  abroad 

Sample  copy  on  request 

Compressed  Air 

Bowling  Green  Bldg.,   New  York 
EASTON,  PA. 


EVERETT- 
McADAM 
Continuous 
Electric  s^^'a 

Blue 
Print 
Machine 


MOST  economical,  leaet  current,  best 
contact,  easiest  to  operate,  moBi  com- 
pact, uniform  in  tone,  variable  Bpeed,  noise- 
I08B.  Uces mercury  vapoi  lamps;  nocarbons, 
tracing  cloth  or  celluloid  belts  to  renew. 
Prints  a  mile  long  with  no  etreaks. 

Aak  for  litt  firtt  100  UMr* 

REVOLUTE  MACHINE  CO. 
527  West  45th  St.,      New  York 


Wooden  Tanks 

AMY  SIZE  OR  SHAPE 

STEEL  TOWERS 

AM'  IIKIVIIT 

Muufaclured  by 

THE  BALTIMORE 
COOPERAGE  CO. 
Leadholm  Street       Baltimwc.  Md. 

Catalogue 


SELF  EDUCATION 

TEACH  YOURSELF  AND  INCREASE  YOUR  WAGES 

ONDf  DRAKE'S  PLAINLY  WRITTEN 

PRACTICAL  BOOKS 

CAN  TEACH  YOU  WITHOUT  THE  AID  OF  INSTRUCTORS 


Kvory  V4>lutne  puhllivcly  UP.TO-DATE  nml  written 
III  a  IniiLMiace  m)  plain  Ihnl  rveii  a  child  i-an  uirliT- 
-tiiiid  DRAKE  Ik  thf  Inrcfst  puIiIIkIiit  «I  Modem 
Mechanical  Book*  for  horn*  and  akop  tludy  in  lh» 
world.  Wr  |nJl>li^ll  tood  l>i>iikit  on  i-vcry  iii<s-hHiil<-al 
•.ulOi-<'t  Our  larce  illiutraled  Calaloc  now  rMdy. 
.Sent  free. 

I  RF.DERICK  J.  DRAKE  &  COMPANY 
350  Wah*.h  A*ena«        CHICAGO,  U.  S.  A. 

Ill  orrti'rinK  ouri-BtaloR  pleaKc  menUoii  thl*  pnpcr. 
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The  Influence  of  the  Rated  Speed  and 
Output  on  tho  Design  of  Contiauous-Current 
G€ncrators.  H.  M.  Hobart  and  A.  O.  Ellis. 
Elec  Rev  (Lond) — Deo.  20,  07.  5  flga. 
ISOO  w.  40e. 

The  TTse  of  Iron  for  Covering  Open  Arma- 
tnre  Slots.  It  Goldschmldt.  Elek  Zelt — 
Dec.  6,  07.  17  figs.  1500  w.  40c.  De- 
Bcrlben  tests  showing  Improvements  result- 
ing In  direct-current  madilnei  by  QOrWtikg 
the  slot  openings. 

Transformen. 

Modern  Lighting  Transformers.  O.  P. 
Col«.  Can  Elec  News — Dec.  0  7.  2  figs. 
2000  W.  20c.  Describes  the  advances  re- 
omtlj  made  in  tliUt  design  u^d  effldencjr* 

UOHTUIO. 

mnmlnation  of  Horizontiil  Planes. 

The  Uniform  Illumination  of  Horizontal 
Planes.  Alfred  A.  Wohlauer.  Elec  Wld — 
Dec    IT  07.     16  figs.    2800  W.  20c. 

6tr«et  Itighting. 

Stmt  Liglitliis  iB  1107.  AUoftD.  Adams. 
Hun  JI  ft  Engr — Jan.  1.  08.  3400  w.  SOe. 
Review  of  progress  In  Bnglsnd  and  Araerl<Hi 

during  the  past  year,  in  which  It  is  stated 
that  the  combination  of  gas  and  electric 
light  piiints  retards  improved  and  cheaper 
service  in  this  country. 


TELEQRAPHY  AND  TELEPHONY. 

IWephony. 

Automatic  Telephony. — 1.  Frankilin  J. 
Truby.  West  Eloen — Jan.  11,  08.  4  flps. 
1400  w.  20p.  Explain.s  the  main  prinrlploa 
of  the  art  of  telephony  without  the  need  of 
telephone  operators,  and  describes  the  appll- 
cation  of  these  principles  In  the  lateet  fonnc 
of  automatic  apparatus. 

The  Availability  of  Tantalum  Lamps  for 
HincfnR  Lead  Uoslstanpes.  Arthur  F.  Poole. 
Am  Tel  .11     I>  (   21.  07.    3  figs.  900  w.  20c. 

Wlteless  Telographj. 

On  Magnetic  Owinaton  as  Radiators  In 
Wlrel«w  Telegraphy.  J.  A.  Fleailag.  Eiecn 
Dee.  27,  07.    2  figs.    300  w,    Jan.  3,  08. 

7  figs.    3000  w.    Each  400.    Paper  read 

before  the  Physical  Society. 

The  Poulsen  VVirelcss  Telegraph  Station 
at  Callercoats.  Elecn — Dec.  20,  07.  8  figs. 
3000  w.    40c.    Description  of  the  only 

Poulsen  plant  in  England. 

Wireless  Comnuinlf^nMnns  Over  Sea.  J. 
Brsklne-Murray.  El  iirv  Jan.  1.  08.  3300 
w.  20o.  Abstract  of  paper  read  before  the 
Institution  of  Engineers  and  Shipbuilders 
of  Scotland.  Dec  17,  07. 

Wireless  Telephony. 

The  Progress  of  Wlrelesa  Telephony  in 

Europe.  J.  B.  Van  Brussell.  Am  Tel  Jl — 
Dec.  21.  07.    2  ngs.    1700  IT.  30e. 


PL.^TB  AND  CKNTllAI*  SIATEONS. 
Operation  of  Small  Plant. 

The  Operation  of  a  Small  Electric  Plant 
w.  H  V :  :  m       Elec  Wld — Jan.  4,  OS.  0 

figs,    liiou  w,  20c. 

TESTS  AND  ^lEASUREaiENTS. 
Cable  Testing. 

Testing  of  High  Potential  Cables.  C.  F  i  L 
man  and  I.  Herzog.  Elek  Zelt — ^Dec.  5,  07. 
4  flgs.    8000  w.  40o. 

Meters. 

Some  Recent  Improvements  in  the  Wright 
Mercury  Electrolytic  Meter  (Cone.)  H.  S. 
Hatfield.  Eiecn — Dec.  12.  07.  3  figs.  3500 
W.  40c 

TMnim  Analysis  of  Induction  Metara.  A. 
R.  DanBlagton.    Elec  Wld— Dec  tl»  07. 

U  flgs.    1500  w,  20c. 

Slip,  Measurement  of 

A  Device  for  Measuring  Slip.  A.  S.  Den- 
niBoo.  Jl  ot  Bogg — 1600  w.  80e.  D*- 
scribes  a  dlflerentlal-ceared  apparatus  for 
Lieasurlng  the.  slip  ot  Inductive  motora. 

Voltmeter  leetiBg. 

A  Deflection  Potentiometer  for  Voltmeleir 
Testing.    H.  B.  Brooks.    El  Wld— Jan.  11, 

08.    3  llgs.    3200  w.  20c. 

The  Moat  BeoBomieai  shapa  of  Wtndlns 
for  Electrical  Msasuriug  instnnneota.  A* 
P.  Youn^.    El  Wld — Dec.  28,  07.    2  flgs. 

12C0  w.  20c. 

TRANSMIHSIOX.  DHnSIIBITTION,  CONTBOIk 

OoBtfnetetat  Beating  of. 

Tsmperatuxa  Rise  of  Conduetora.  C.  C 
Radeau.  Bl  Rot — Jan.  11,  08.   1  llg.  800 

w.  20c.  Glvea  chart  showing  relation  be- 
tween temperature  rise  and  current. 

Drop*  OunpeaeattOB  fov. 

Voltmeter  Compensation  for  Drop  in  Al- 
ternating-Current Feeder  Circuits.  William 
Nesi  it     Blue  Jl-^an.,  08.    8  flgs.  4400 

w.  20c. 

fnsnlatioii. 

CcHiiloso  .\(r'fate  as  Wlro  Insulation.  R. 
Fleming.  Kng  News  Jan.  17,  08.  1400 
w.  20c  Extracts  from  article  in  the  "Gen- 
eral Electric  Review."  Jan.,  08.  Gives  the 
median  leal  and  dielectric  properties  of  th^ 
insulating  substance. 

Protective  Relays. 

Protective  Relays.  M.  C.  Rypinekt.  Elec 
JI—  Jan.,  08.  10  figs.  2200  w.  20c.  De- 
scribes relays  for  the  protection  Of  circuits 
from  abnormal  and  dangenma  eondlUona, 
such  as  overloads,  short-cirenlt,  reversal  of 
current,  etr 

SinglC'Pluiee  DistrlbuUon. 

Advantages  ot  stn^e^-Phaaa  DIstrlbatlm. 
JI  of  Bl  Power  ft  Gaa— Dec.  21,  07.  3200 
w.  20e. 
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Ten  Minutes 
A  Month 


is  all  that  is 
,  necessary  to  learn  what 
articles  of  specific  inter- 
est in  your  line  have  ap- 
peared during  the  pre- 
vious month  in  the 
technical  periodicals  of 
America  and  Europe. 
The  Engineering  Digest  in 
each  issue  gives  a  classi- 
fied descriptive  listingof 
all  articles  of  importance 
appearingin  the  current 
technical  press. 

CONSULT  IT 


TIME  CHECK 

100 

o  0} 


Factory  Time 
Checks 

They  are  being  used  more 
and  more.  Write  for  our 
pamphlet,  "Time  Checks 
and  Their  Use." 


American  Railway  Supply  Co. 

Address  Dept.  S,  24  Park  PUce,  N.  Y. 


Rife  Hydraulic 
Ram 


Pump*  Water  by 
Water  Power 

Town  Water  Works 

t*\\n%A  Taiki  Couatry  Hraiet  lrH|jli«i  Breenhoatet 
Ni  Atteiititn   No  Eifcm    Runs  Caitiimouily 

Opcraliag  uader  Ifi  incha  to  50  (ee<  Ull.  Eleratea  wkler  30 
fec4  ckIi  ioo«  of  fall.  6.000  in  luctctiful  opcralioa.  Sold  oo  30 
dart'  >ri«l.   Catalog  aad  enimaie  free. 

RIFE  HYDRAULIC  RAM  COMPANY 

2160  Triaily  BuiMiat  NEW  YORK 


HERE  IS  AN  OPPORTUNITY 

to  obtain  the  INDUSTRIAL  MAGAZINE  for  one  year,  which  will  contain 
some  specially  written  articles  by  prominent  engineers  of  wide  experience. 

Some  of  the  principal  authors  and  their  subjects  are: 

Lindon  W.  B«tei  (severml  article*)!  Panama  Canal 

J.  W.  King  :  Industrial  Railway!  and  Their  Uses  for  Manufacturing  Plants 
R.  H.  Beaumont :  Power  Station  Coal  and  Ash  ConTejring  Problenu 
H.  J.  Cola  :  Reinforced  Concrete  and  Pneumatic  Foundations 
F.  W.  Hack  taff  t  Transmission  of  Power  hj  Rope 

The  above  articles  consist  of  about  97,500  words  and  35  new  photographs. 
THE  INDUSTRIAL  MAGAZINE  is  well  edited  and  printed  on  fine 
stock,  and  is  worth  four  times  its  subscription  price. 

Send  us  your  order  with  One  Dollar  ($r.oo)  for  a  year's  subscription. 
Sample  copy  sent  on  request. 

THE  limsntiAL  Magazine 

1825  Park  Row  BuUding,  New  York 


Patronlie    ENGINEERING    DIGEST   AdvorilaerB   ^\^len   You  Can. 
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-Switches. 

Clrcalt-Jatorruptlnc  Devices.  Wm.  O. 
Hilton.  Blee  31— Jm^.,  OS.  7  flgi.   1400  w. 

20c.    ITV  -niscoDneetInf  Swltelies. 
Wiring  Residences. 

WlriDs  of  Residences  at  Small  Cost. 
ThoiDM  W.  Poppe.  Blec  Wid — Jan.  4.  08. 
12  lis*.    2000  SOc 

MI8CELT.  WKOIIB, 
£lectric«l  Fragreae  in  1907. 

BlectrlCAl  Affair*  In  Ormt  Britain  During 
1907.    Albert  H.  Bridge.   El  R«v— Jan.  11, 

08.    2S00  w.  20c. 

Electrical  Engineering  in  Great  Britain 
hi  :;to7.  W  Elecn — Jan.  4,  08.  5  flgs. 
CSOO  w.  20c. 

Electrical  Progren  In  Europe.  C  L,  Do- 
Vand.  Bl  Rer— Jan.  11,  08.  8800  w.  SOe. 

Electrical  Progress  in  the  United  Statos 
In  1907.  H.  H.  Norrls  W  Elecn— Jan.  4, 
1)8.    12  flgs.    6000  w.  20c. 

Electrical  Progress  of  1907  on  the  Contl- 
nent.  A.  de  Courcy.  W  Elecn — Jan.  4,  08. 
6  Ilea,    4700  w.  20G. 


The  Electrical  InduBtric.<;  of  190T.  Bl  B«T. 
—Jan,  11,  08.    3400  w.  20c. 

Blectricftf  tn  Armor  Plate  Manufacture. 

The  Use  of  Electricity  in  the  Manufacture 
ot  Armor  Platee.  J.  W.  Warr.  El  Kev — 
Dee  27.  07.  8  flgt.  2400  w.  40e. 

Jjmve,  Electric  Corporation. 

Tlie  Law  of  Electric  Companies.  John  B. 
Brady.  Blec  Wld — Jan.  4,  08.  8400  w. 
20c.  Olves  Dotea  on  the  statutes  ot  electric 
oompanlea,  the  laws  regarding  their  recnla> 
tton  and  control,  etc. 

StfltlstJcs  of  Electrical  Mnnnfactures  for  1907. 
Statistics  of  Klectrical  Manufactures.  W. 
Elecn-^Jan.  4,  08.  1800  w.  20c.  Gives 
estimates  of  the  vain©  of  the  electrical  and 
auxiliary  manufactures  In  the  United  States 
for  the  year  1907,  with  corresponding  flg- 
uree  for  the  four  preoedtns  years. 

Thunder. 

The  Rolling  of  Thunder.  D.  8.  Carpenter. 
Blec  Wld—Bee.  21,  07.  8  flgs.  1800  w. 
20c 


DIDUSTRIAL  TECHNOLOGY 


BHckmaking  and  Oeramles. 

Notes  on  the  Fusibility  of  Earths  Com- 
pose of  Lime,  Silica  aud  Alumina.  R.  Kieka. 
suhl  u  Eisen — Jan.  i,  08.  l  flg.  2500  w. 

€0c. 

The  Effects  of  Heat  on  Clay  Structure. 
Brit  Claywkr— Dec.  07.  12  figs.  2300  w. 
406. 

The  Manufacture  of  Silica  Bricks.  Brit 
Claywkr — Dee.  07.    2800  w.  40c. 

The  Testing  of  Glazed  Claywaro.  Quarry 
— Jan.  08.  3U00  w.  4  0c.  Paper  read  by 
J.  W.  Cobb  before  the  Yorkshire  SOCtlon  Ot 
the  Society  of  Chemical  Industry. 

Explottives,  Manufacture  of. 

Tbe  Manufacture  of  High  Explosives.  Sc 
Am — Dec.  28,  07.  3700  w.  20a  Describes 
the  methods  used  In  the  Nobel  nltro-glyoer^ 
!• .  ^'  nrks  at  Aberdeen.  Scotland. 

Cos  EiiKixet-riii^. 

Notes  ou  the  Coustnictinn  of  Small  Gas 
Plants.  Jos  Drandt.  Jl  fur  (iasbeleuchtuiis: — 
Nov.  23,  07.    9  figs.    6000  w.    oOc  Paper 


read  before  meeting  of  the  Association  of 
Oas  and  Water  Supply  Engineers  of  Lower 
Saxony. 

Report  of  the  Committee  on  Methods  of 

Taking  Candle  Pow«r  of  Gas.    Am  Gas  TA 

Jl~Dec,  23.  ft".  ll^r'nn  x  20r  Ttr^n,-! 
before  the  Amerteau  Gas  Institute.  Wash- 
ington. Oct.  16.  IT  and  18,  Of. 

I4nie  Burning. 

Oas  Kilns.  Quarry — Jan.  08.  6  flgs.  2500 
w.  40c.  DescribM  an  improved  ahaft  kiln 
with  generator  gas  llrlng  for  banking  lime, 
dolomite,  magaeslte,  etc. 

KItrIc  ;^rid. 

Nitric  Acid  From  Air.  Electrocbem  & 
Met  Indus — Dec.  07.  7  flgs.  3000  w.  20c. 
Gives  a  summary  of  tbe  work  of  MosclcU 
and  Von  Kowalski  on  the  fixation  o(  atmoi- 
pkerie  nitrogen  by  electric  discharges. 

The  Reco  .  V  ■  f  Nitric  Acid.  H.  Lemai- 
tre.  G^ule  civil  Dec.  21,  07.  21  tiRs.  .ST) 00 
w.  ''pOc.  Describes  apparatun  imed  in  re- 
< ovorin^r  part  of  the  nitric  acid  used  in  the 

niaiiutacture  of  explosives  and  otlier  oloo- 
trocbemlcal  Industries. 


MARINE  ENGINEERING 


Cable  Ship. 

A  New  Cable  Ship.  Engr  (Lond) — Jan. 
3,  08.  7  flgs.  2000  w.  40c.  Describes  a 
new  twin-screw  cable  repairing  steamer  (or 
use  aronnd  the  west  ooaat  of  South  Amer» 
lea. 

Heating  and  Venttlatlag  Ships. 

The  Heating  and  Ventilating  of  Ships. 

Svdney  F.  Walker.    Inter  Mar  Eagg — Jan. 

08.    2  figs-    3000  w.  40c. 


"Kronprinzes8ln  Cecllie." 

The  Hamburg-Anieriran  .Steamer  "Kron- 
prin7<'ssiii  Cecllie."  F.  C.  Guciuher.  Inter 
Mar  Engg — Jan.  08.    14  figs.    2100  w.  40c 

Stream  Lines  Around  Sliips'  Models. 

An  Experimental  Investigation  of  Stream 
Llnea  Aronnd  Ships'  Models.  D.  W.  Taylor. 
Inter  Mar  Engg— Jan.  08.  4  flgs.  1500  w. 
40e.  Read  before  tbe  Boelety  of  NaTal  Arab- 
ttects  and  Marine  Engineers.  New  York, 

Nov.  21,  07. 
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List  of  3ooks  on 

Cement  and  Plain  and  Reinforced 

i«    CONCRETE  A 


ICRETB.  Br 

m  mam.  m 


Br  LoBi* 


G.  SKbln. 


CEMENT    AXn  CON'CRETBk 

Second  Edition. 
Pric«.  (5.(X>. 

TRBATI8B   ON    CONCRBTB.   PLAIN   AMD    .  . 

FuUCED.   Br  Frederick  W.  T«rlor  ui4  SuftirA 

Thomprao.     SM    paCM,    172    lllu»mUons.  mnr 

UbU*.    Pric«.  $5.00. 
-SBINPORCED  CONCRBTR    By  A.  Consia^re.  Tr»n». 

Uted  from  tb«  Prencb  by  Leoa  S.  MoUsclR.  Second 

Edition.  253  pacei.  32  llluttratlons.    Price,  $2.00. 
SBINPORCBO  CONCRETE.    Uy  A.  W.  Bu.  i  an  l  C  3. 

Hill.    Secood  EdItlOB,  000  pages.  340  lUuBtrBUoD&. 

Price.  $5.00. 

-CONCRETB  AND  REINFORCED  CONCRBTTB  CON- 
STRUCTION. Br  Homer  A.  Raid.  90S  {M«e*,  718 
Illustrations.    Prlos.  16.00. 

BEINFORCED  CONCRBTB  Br  OUUTIM  F.  MWIk  Hat 
Wlllimu  Dunn.  Tbird  Editioa,  MB  vuiCo  vagia, 
617  Itlusiratloni.    Prlco,  $7.00. 

PRINCIPLES  OF  REINFORCED  CONCRETE  CON- 
STRUCTION. Br  F.  E.  TurDMur«.  Deiiu  or  the 
Collece  of  EnglneerlDS.  Unlrersltr  of  Wiacoasin, 
and  B.  R.  Maurer,  Professor  of  Mecbanlcs,  Unlver- 
mr  «f  Wlsconnln.  Svo,  vlll  +  317  pftgCB.  11  platM 
and  1:10  figure*.    Cloth,  f3.00. 

REINFORCED  CONCRETE.  Br  Wkltar  Lorlnc  Webb 
and  W.  Herbert  OltaOK.  Ub  S9h  l»  OliutnUm. 
Price.  $1.00 

OAMDBOOK   ON  RBlMFOXOlO  OOmawlV.  flw 

Architects.  BorlBMN  Mi4  ContrMtort.    Br  F.  O. 

Wsrr»n.     2fiR  psfo*.   tnany  tablp*  nnd  (Jlsgrams. 

Si     nl  Edition,  revised.  Prire, 

ARCHITECTS-  AND  ENGINBBRS'  HANDBOOK  OF 
REINFORCED  CONCRBTB  CONSTRUCTION.  Uy 
L.  J.  Menscb.  217  nagea.  172  lllustmtlotiii  and  many 
Uble*      Price,  J2.00. 

CONCRETE  8TBEU  A  tr««tia«  on  tbe  tbeorr  and 
practice  «f  nMmat  Moerato  eoastroetloa.  »  W. 
N  TwolritrMi.  9W  mmi  IS  lllvatrmttoiM.  AImi, 

$i.0a 

ORAPHICAL.  HANDBOOK  FOR  li j  i  j:  i.D  CON- 
CRBTB DESIGN.  Br  John  Hawkeewortb.  &  B. 
Quarto.    10  U  Ua»  M«bW  pMM.  PMMh 

$2.oa 

BRATTON-8TANDARD8  POR  THB  UNIFORM  DB* 

StON  OF  RBINFORCBD  CONCRBTB.  Br  Louis  F. 
Brayton  Second  Edition.  Leather,  pocketbook 
slip.    110  pages.  Illustrateil.    Price,  $3  00. 

THEORY  OF  STEEL-CONCnETE  ARCHB8  AND  OF 
VAULTED  .STRICTURKS  I)y  WllliMB  Wa,  SU 
pagec.  Illustrated.    Price,  tiO  ccata. 

■nMFORCED  CONCRBTB  IN  FACTORY  CONSTRUC- 
TION. Br  Snnford  E.  Tbompson.  Clotb;  6x0 
ia*.;  go  IKP.;  UW  tUUMrBUona.    Price.  $0.S0. 

<!ONCRBTB  FACTORTB8.    Br  Robert  W.  Lesler.  132 

pagft*.  mimernuo  IMti-trnMon*     Price,  |1.0(). 

INSTRUCTIONS  TO  IN^PECTOHS  ON  KEIM'^ORCED 
CONCRETB  CONSTRUCTION,  fir  Oeorg*  P.  Car- 
w.  Priea,  80 


CBUBNTS.  MORTARS  AND  CONCRBTB9.  Br  llrron 
B.  Filk,  lastrvetor  in  Civil  aoBimilm;  la  OmM- 
Ml  Unlreraitr.  184  pages,  numMOttaillBitrBtloBi. 
Price.  I2.B0. 

EXPERIMENTAL  RESFiARCHES  UPON  THB  CON- 
STITUTION OF  HYDRAQUO  MORTAKS.  By  U. 
Le  Cbntelier.    Translated  bf  JOMpB  U  lUdt.  Ul 

pages.    Price.  $2.00. 

PORTLAND  CEMENT.  ComposlUon,  Raw  Mnterlal\ 
Uanufactttra,  Teettn*  aad  Analrsls.  Br  Rlcbard  K. 
MeMla,  B.  1.   888  pt«M,  MO  UlwIriiUni.  PfUt^ 

$8.oa 

CEMENTS.  LIMBS  AND  PLASTERS.  Br  BdwiB  0. 
Eckel.  712  pa(e«.  166  agures.  264  t«blse.  FriM. 
$0.00. 

PRACTICAL  CBMBNT  TBSTINO.  Br  W.  Purree  Taj' 
lor.  Engineer  In  ebarfe  PfcilHelrtifa  MBBiUpal  TM(> 
log  Laboratories.  810  ptM  Itt  ttltntMSloai.  W 
Ublea.    Price.  $».<». 

HTDRAUUC  CEMENT.  Br  Frederick  F.  ipaMiV. 
296  pages,  31  Hgures.    Price,  $2.00. 

PORTLAND  CEMENT.  ITS  MANUFACTURE,  TEST- 
ING AND  USE.  Br  David  B.  BuUer.  406  pages.  07 
illMtrmUoDt.    Price.  t5.2Sw 

CALCARBOUS  OBMBNTa  Br  Otlbert  R.  RedgntTC 
ead  Cbes.  Speckman.  Second  BdlUoa.  284  pegea,  68 
pUtee.   Prtoe,  84.60. 

HANDBOOK    FOR   CEMENT  UttBRB.     Bf  OhM.  0. 

Brown.    Third  Edition,  ravtad  Bad  aabiggi.  860 

pages.    Price,  $3  00. 

CEME.NT  WORKERS  HANDBOOK.   Bf  W.  H.  Bekar. 

Illustratwl.     Price,  60  centa. 

THE  CEME.NT  I.NDU8TRT.     A  rl  ptl.  .n  of  Portland 

iind  naturnl  cement  ptants  in  tbe  UcUeJ  Staten  and 
Europ«.    TSj  pages,  132  llluatrntioue.    Price,  $3.0a 

CONCRETB  BLOCK  MANUFACTURE.  Processes  ud 
Machiaee.  By  fiacaiva^H.  Rlaa.  180  9tmt»  dO 
IliaMratJaae.   Friee,  82.60. 

MANUFACTURE  OF  CONCRBTB  BLOCKS  AND 
THEIR  USB  IN  BUILDING  CONSTRUCTION.  Br 
H.  H.  Rice.  Wm.  M.  Tormnce,  and  otbera.  122 
pages,  lllustrmted.     Price,  $1.M. 

HOLLOW  CONCRBTB  BLOCK  BUILDINO  CON- 
STRUCTION.   Br  Spencer  B.  NawbaiiT.  S  paiaa, 

tlltiKtrated.     Price.  60  cents. 

ARTIFICIAL  STONE,  TERRA  COTTA.  ETC  Edited 
by  John  DIocIl.  92  pageit,  llla«trale<l.  Price,  23 
cent*. 

DIRECTORY  OF  AMERICAN  CBOIBNT  INDUSTRIES, 
1M8.    Br  Chartaa  G.  Bnwa.    888  Fapaa.  Frto^ 


HANDBOOK  OF  OOfT  DATA.   Br  HalbMt  F.  Olllattf. 


COSCHETK  SY«TKM.    By  Frank  B.  Ollbroth.  (Inpreiia- 
rnUon.) 

OORCRBTE-STBEL  COMSTfil^CnON.  Br  Prof<  B.  Honcb. 
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Turbines  of  the  "Miiuretaiilit." 

The  Turbioo  Plant  of  the  "Maurctanla." 
Power — Jan.  7,  08.    9  figs.    30  0  0  w.  20c. 
Describes  the  essential  features  of  tbo  larg- 
est steam  turbines  yot  conitmetod. 
Water-Tnbe  Boilers  for  Ship*. 

Sdtttls  Water-Tube  Boiler  wttli  Super* 


heater.  D.  Dietrich.  Sebiffbau. — Doc.  2.  07. 
3  figs.  3000  w.  60c.  DeBcrlbep  proiuised  ar- 
rangiMiu'iil  for  a  turbinc-tirlven  cruiser. 

Water-Tube  Boilers  for  Dattloahips.  C. 
Strlebel.  Z  V  D  I — Jan.  4,  Ob.  18  HgB. 
7500  w.  60c.  I. — Boilers  with  large  tubee 
(Nidaueae.  BellevlUe.  Babcoek  A  Wlloox). 


MECHANICAL 


Pneumatic  Conveyor. 

Pneumatic  Conveying  of  Light  Materials. 
Walter  B.  SllOw.    lud  Mat— Dee.  07.  tlOO 

w.  20c. 

Tide  Power  Ckanpressor. 

Compressing  Air  by  Tidal  Power.  Wil- 
liam O.  Webber.  Am  Macb — Jan.  9,  08.  3 
flga.   1000  V.  200. 

FOuNblNG. 

Bed  Plate. 

Hetbod  ot  Molding  Large  Bed  FlatOi  W. 
W.  MeCarter.  Ftfi7-^an.  00.  7  flgi.  ISOO 

w.  20c. 

Brass  Mixtures. 

The  Jobbing  Brass  Foundry.— HI.  J.  F. 
Bttcbaoan.  Fdrj— Jan.  00.  1600  w.  20c. 
Dlsoosses  the  mlzturse  utilised  in  tlie  Job- 

ClUitiuK  lu  Metallic  .Molds. 

The  Szekely  Process  of  Casting  In  Metal- 
Uo  Molds.  Bngg — Jan.  S,  08.  i  llgs.  700 
w.  40e. 

Castings,  Design  of. 

The  Design  of  GompUttted  Castings.  WU- 
11am  A.  Bow.  It  Age— Deo.  90*  07.  4  figs. 
8800  w.  SOe.  Deserlbes  the  Tarlons  points 
to  be  kept  in  mind,  audi  as  the  proesM  ot 
coollnR.  etc.,  in  order  that  patterm  may  be 
properly  designed. 

Ohareoal  Iron. 

Charcoal  Iron  for  the  Foundry.  Harry 
B.  DePont.    Fdry — Jan.  08.    1500  w.  20c. 

DiBfussf's  tilt!  chemical  and  physical  proper- 
ties and  gives  anaiybes  of  various  grades. 

Cosnpreased  Air  for  Foundry  Vse. 

The  I'm  of  Compresseil  Air  in  Foundries. 
Dllo  S.  Schmidt.  Stahl  u  Kisen — Jan.  1, 
08.  11  flRf"-  '^''OO  w.  COc.  Dcfccribes  Us 
use  in  molding  machines,  hoisting  devices, 
hand  pneumatle  toola,  etc; 

Cores. 

Machine  Cores  for  Foundry  I  kc.  (loorgo 
H.  Wadsworth.  I  dry — Jau.  OS.  MOO  w. 
20c.  Presented  at  the  December  meeting 
ot  the  Chicago  Foundry  Foreman's  Aasodar 

tlon. 

Engine  Cylinders. 

The  Holding  of  CorllSB  Engine  Cylinders. 
Castings — Dec.  07.  2  llgs.  1400  w.  200. 
Describes  methods  and  devices  used  by  C. 


ENGINEERJNG 

&  G.  Cooper  Co.,  Mt.  Vcrnor  OMo.  for 
cylinders  ranging  in  size  from  i2-iuch  bore 
up  to  and  over  80-laeh. 

Foundry  Lrayout. 

Design  of  the  Iron  Foundry.  Oscar  B. 
Perrlgo.  Fdry — Jan.  08.  1  figs.  2000  w. 
20c.  Discusses  the  location  and  arrange- 
ment of  Tariona  departmental  gtvlns  a  model 

layout. 

MeUirif;  Iron. 

Jiiciting  Iron  In  the  Foundry  Cupola.  Prof. 
H.  McCormack.  Blectrochem  A  Met  Indue 
— Jan.  08.  1800  w.  400.  Olirea  data  on 
cupola  praettee. 

Steel  Castings. 

Converter  vs.  Snail  Open  Hearth.  W. 

M.  Carr.  Fdry — Jan.  08.  1100  w.  20c. 
III. — Uequlrementa  of  the  slide  blown  ves- 
sel— basic  and  acid  open-hcarth  processes. 

Steel  Castings  by  McHaffle  Process.  Fdry 
— Jan.  08.  6  flga.  1100  w.  20e.  De> 
aerlbes  a  prooessr  which*  with  the  eneepHon 
of  the  mlxturs  and  the  subseqnent  anneal- 
•  Inct  Ig  similar  to  ordinaiy  gray4ron  prac- 
tice. 

Weakness  in  Steel  Castings  H.  J.  Mo> 
GasUn.  Castings — Dec.  07.  9  figs.  2300 
w.  80o. 


HEATING  AXD  VKXTHATION. 

Coal  Consumption  in  lloiu>e  Heating. 

Coal  Consumption  In  House  Heating.  Met 
■  Wfci^Dee.  21,  07.  1600  w.  20e.  Olvea 
oommunlcatlons  from  Prof.  Wm.  Kent  and 
Mr.  Theo.  Welnshank  regarding  the  con- 
sumption of  ooal  for  an  average  heating 
seaaon. 

Hot  Bla«!t  HcatliiK. 

Hot  Blast  licatlnp.  Charles  L.  Hubbard. 
Dom  Ence— .Ian.  -4.  OS.  ;'.  fl^-s.  1300  W. 
20c.    XIX.-   Air  DislribuLioa  Ducts. 

Radiation,  Data  for  Compntlng. 

Data  for  a  Heallnt;  Frm'im-.'r's  Handbook. 
Gerard  W.  Stanton     Htg  &  Vent  Mag — Dec 

07.  900  w  uuc  Gives  table  for  flgurtnt 
radiation  by  Wolff's  Rule. 

Steam  Heating. 

Air  Valvee  for  Bteam  Heating  Systems. — 
IV.   W.  H.  Wakeman.  Dom  Bngg — Jan.  II. 

08.  S  flga.   1000  w.  30c. 
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HOISTING  AND  HANDLING  MACHINERY. 
Elevator. 

The  Hydraulic  Elevator— XIII  and  XIV. 
William  Baxter,  Jr.  Power — Jan.  7,  08.  8 
flKS.  i:!00  w.  Jan.  14.  G  Ars.  1100  W. 
Each.  20o.  Describes  the  "puUiDg"  type  of 
horizontal  elevator,  ahowlng  the  operating 
principle  of  .the  Whlttier  and  the  Mora** 
WUliama  maehlnM.  Yalve  c(niatrueU(m»  etc 

OaUewajRS. 

Cabtowaja.  F.  T.  Rabidge.  ColOi.  Jl  of 
Vara— Ifay  1,  07.  14  llgi.  6890  w.  SOc 
DeBcribea  various  cablewaTi  and  glvaa 
graphical  and  mathematical  analyaea  of  the 
strenioB  In  towen  and  In  the  c^Ue. 

UYDRAUUO  POWER  FLANTS. 

Centzifnsal  Pnmpa. 

New  Pumps  and  Air  CompressorB.  Prof. 
F.  FreytaR.  Dlngler's  Poly  J! — Dec.  14,  07. 
C  flKS.  ;;jOO  w.  Dec.  21.  'J  figs.  1800  w. 
Each,  40c.  Two  articles  describing  various 
types  of  new  high  pressure  centrifugal 
pumps  and  giving  details  of  their  construe* 

tiOtt. 

Notes  on  Centrifugal  Pumps. — IV.  Medl 
Wld—Oec.  13,  07.  6  flgs.  1200  w.  40e. 
Mathematloal  exposition  of  the  things  ln< 

volved. 

I'low  Through  Subiuei^ed  Tab«a. 

The  Flow  of  Water  Through  Submerged 
Tabes:  Kesulte  of  Experiments  at  the  Unl- 
veraitr  of  Wisconsin.  C.  B.  Stewart.  Eng 
News — Jan.  OS.  5  flga.  2300  w.  20e. 
Abstracts  ot  a  forthcoming  bulletin  on  tho 
results  of  experiments  with  subnerged 
tubes  4  ft.  square. 

Hjrdro-EIectric  Plants. 

Electric  Power  Plants  on  Upper  ^Missouri 
River.  A.  Floyd  Bushnell.  Fng  &.  Min  Jl — 
Dec.  28,  07.  3  flgs.  i;iOU  w.  liOc.  De- 
scribes a  70,000-volt  plant  supplied  by  a 
steel  dam  at  Hauser  Lake,  which  generates 
current  for  Buttp,  Helena,  and  Anaconda. 

Hydro-Electric  Transmission  Plaut  of  the 
Rockingham  Power  Compaiiv.  J.  S.  Viehe. 
Elec  Wld — Dec  21.  07.  4  IIk.-^.  3400  w. 
20c.  Describes  plant  on  the  St.  Louis  Uivor 
Yadltia  Uiver,  7  miles  from  Rockingham, 
N.  €. 

Power  Development  on  the  Chicago  Drain* 
age  Canal.  W.  Klecn — Jan.  4.  OS.  22  flgB, 
34O0  w.  20c.  DeHcrlbes  ti  t  liviiro  trie 
power  plant  at  Lockport.  ill..  witl>  l.Ooo- 
kilowati  generating  units  and  n  t  t.oOO-volt 
aluminum  transmlssioa  line  (about  20  hk 
mites  long)  to  Chicago. 

Recent  Pow-  r  Drvelopment  at  Montpeller, 
Vt.  Elec  Wia— Jan.  4.  08.  10  flgs.  3000 
w.  20c. 

The  Cost  ot  Hydro-EIectrle  Power  De- 
velopment In  the  Province  of  Ontario^  Eng 
News— Dee.  19,  07.    4800  v.  20e. 


The    Water-Power   Development   of  the- 
Great  Northern  Power  Co.,   .Near  Duluth. 
Bug  .News — Dec.  26,  07.    8  flgs.     5600  w. 
2<'c.    Describes  plant  of  the  St.  Loula  Rlver- 
derigned  for  an  ultimate  capacity  of  200,- 
000  HP. 

Pipe  Lines,  Cnlcnlntions-  for. 

Pipe  Lines  for  Hydraulic  Power  Planta. 
Eng  Roc — Dec.  21.  0  7.  2  flgs.  2 SCO  w. 
20c.  Gives  derivation  of  a  formula  for  the- 
determinatlon  of  the  most  economical  diam- 
eter for  the  penstocks  of  high-head  hydraa- 
Uc  power  plants. 

Pumps. 

Modern  Pumplnp  and  Hydraulic  Machin- 
ery.   Kdward  Uutler.    -Mech  Engr — Dec.  21, 

07.  3  flgs.  2200  w.  Dec  28.  4  flgs.  2600 
w.  Each,  40g.  XXV.  and  XXVI.~4tsam  aad> 

Air  Displacement  Pumps. 


nmsBirMi  ooiiBUBTioir  engines. 

Cylinder  Temperntafce. 

On  the  Measurement  of  Temperatures  in. 
the  Cylinder  of  a  Gas  Engine.    H.  L.  Cal- 
lender.    Engg — Dec.  27,  07.    r.  flgs.  6300 
w.    40c.    Paper  read  before  the  Koyal  bo- 
clety,  Nov.  1,  07. 

IMcscl  Oil  Engine. 

Technical  Aspects  of  Oil  as  Fuel. — IV.  P. 
E.  Junse.  Power — Jan.  7,  08.  5  flgs.  1200 
w.  20c.  Discusses  the  economic  aspecte- 
of  the  Diesel  oil  engine,  give*  CMnparlSOn 
between  the  Diesel  and  gna  engim,  anO. 
also  their  comparative  fttel  costs. 

BkplosioB  of  Onsea, 

The  Explosion  of  Oases.    John  Batar. 
Cass  Mag — Jan.  08.    2900  w.    40e.  Die- 
cusses  the  magnitude  of  the  effects  pro- 
duced by  combinations  of  air  and  fuel  with 
reference  to  the  Intemal-oombustton  eaglne. 

Fuels,  Data  on. 

Gas  and  Oil  Engine  Diagrams  and  Fuel' 
Data — I.     Peter  Eyermann.  Power — Jan. 
14.  OS.     4  flgs.     ROOO  w.     20c.     Gives  dia- 
Kranis  showing  how  various  fuels  act  lo  In- 
ternal-combuBtlon   engines,   together  with* 
tables  giving  Information  on  tteae  tnets. 

Gas  Engines. 

Largest  Gas  Engines  for  Electrical  Work. 
— ^I.   Cecil  P.  Pooler   Power^an.  14.  08* 
9  flgs.    2000  w.    26e.    Olvea  eoaalmoftloB* 
details  and  operating  data  of  the  4,000-MP. 

ga8  engines  at  the  Martin  station  OC  BMj 

Mateo  (Calif)  Power  Company. 

The  Gas  Engine.   Cecil  P..  Poole.  Power 
—Jan.   14,  17  fles      14.000  w.  20c 

The  first  of  three  exteiKletl  articles  on  the 
elementary  principles  of  gas-eogine  con- 
struction and  operation. 

Gaa  Proiliiicr  Testing. 

The  Testing  ot  Gas  Producers.  Horaee- 
AUen.    Praet  Bngr — ^Dee.  20,  07.    2  flgn. 
1900  w.  40c. 
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T\0  YOU  KNOW  how  completely,  con- 
•*^ciseiy  and  practically  THE  RAILWAY  AGE 

covers  all  steam  railway  topics  of  interest? 

Most  railway  men  know,  because  more  of  them  read  Thb  RAILWAY  ACB  tban 
any  other  journal,  and  it  has  subscribers  wherever  there  are  railways. 

If  you  would  like  to  know,  ask  for  sample  copies,  which  will  gbMlly  be  sent  on 

your  request. 

Then  you  will  find  these  to  be  the  facts: 

The  Railway  Age  is  the  authority  on  eviny  question  pertaining  to  the  construe* 

tion,  maintenance,  operation,  traffic,  accounting  and  administration  of  steam  railways. 

The  Railway  Ace  is  an  invaluable  reference  to  every  development  and  every 
improvement  in  every  branch  of  railway  service. 

Published  every  FrtJav  in  the  year  and  seven  timet  daily  during  the  annual 
mechanical  conventions — hity-ninc  issues,  $4.00. 

Ask  for  the  samples  JMiv-^while  you  think  of  tt. 
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Have  you  seen  our  new  monthly  publication 

"  WATERPROOFING"? 

If  not,  send  for  .sample  copy  ot  numbers  already 
issued — Free  upon  request. 

Are  you  troubled  with  damp,  wet  and  leaky  cellars? 
Is  your  house  damp,  nK)ist,   clammy   and  un- 
wholesome ? 

Do  you  want  advice  on  waterproofing;  concrete, 
conoete  bkxks^  cement  floors,  tanks,  buildings, 
foundations,  tunnels,  etc.? 

Do  you  want  to  know  how  to  pccsetve  wood, 
hoa  and  steel,  stone  and  stractures  boih  of  them? 

If  M,  writ*  to 

••  WATBRFROOFIKTO"  ComultltiK  Pfpnrtmf'nt 

74  TO  HtirlltiK  8lip.  Now  York 

"Waterproofing"  is  a  new  monthly  publica- 
tion—>tlie  first  and  only  publicatkMi  devoted  exclu- 
sively to  the  .«iciencc  and  l)u<ines«.nf  waterproofing. 
Its  pages  are  full  of  educational  matter  on  the  sub- 
ject prepared  by  experts. 

Every  Engineer,  Architect,  Contractor,  Builder 
and  Sanitary  Officer  should  read  it  and  keep  posted 
on  this  important  and  rapidly  developing  branch 
of  £nKineerin^.    $1.00  per  Year.  JO  cents  pee  copy. 

Saiiipl*  «opj  fr««  upon  rvqueit. 

MTRON  H.  LEWIS,  C  L,  Editor  and  PobUiher 

1133  Btvadm  N«w  YcA 
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Specific  HOAtS. 

Specific  HeaU  of  Nitrogen,  Carbon  Dioxide 

and  Steam.  Profs.  L.  llolboru  and  Henning. 
Engg — Jan.  3,  OS.  2-100  w.  40c.  Gives  re- 
sults of  an  Inquiry  into  the  epecifie  hMta 
of  IhesL'  i;ase.s  at  high  temperatures. 

Water  and  btcaui  lujectioQ. 

The  Use  of  Water  and  Steam  in  Internal" 
Combuation  Enginea.  Haniy  HendenMm. 
Cmb  Mac— Jan.  08.  6800  40e.  Dto- 
euMw  water  and  stMin  lajactton  In  crliiiden 
tvp  cooling  purposaa. 


MJU3BMSE  PABTS. 

Ban  and  Roller  Bc«riogs. 

Ball  and  Roller  Bearinga  In  PnusUcal 
Opermtlos.  Bamuel  8.  St?»land.  Proc  Bngta 
Club  of  Phfla— Oct  07.  81  tga.  8200  w. 
80c.  Paper  read  before  the  Engineers'  Club, 
trltb  brief  discussion. 

Hequlsltles  of  Practical  Roller  Bearings. 
- — I.  J.  F.  Springer.  Power — Jan.  14,  OS. 
7  figs.  1100  w.  200.  EnomeraCea  oon^ 
atractive  featurea  wblch  Inaura  aeirloe- 
ablUtjr. 

Benrinv  tor  W«o(ll>W«vkiiiiS  Madilwwy. 

The  Boarings  of  Wood-Working  Ma- 
chines. W.  J.  Blaclimar.  Am  Mach — Dec 
I9t  07.    1400  w.  SOO. 

Ctears. 

The  Variation  of  tho  Strength  of  Gear 
Teeth  with  the  Velocity.  Ralph  E.  Flanders. 
Maclty — Jan.  08.  2  figs.  2800  w.  40c. 
€«lla  attention  to  the  need  Cor  more  satls- 
U/ttmr  TBlnea  for  the  atreae  at  affected  hj 
the  Telodtr. 

Hydmnlic  Press  Design. 

Hydraulic  Preia  Beaigtt.  IImA  WM — Dea 

27,  07.  7  flgs.  ISOO  tr.  40e.  Glvea  for- 
mulas used  and  work*  ont  an  lUnatratlve 
example^ 

tjubriratlon. 

Experiments  with  Graphite  Lubrication. 
G.  H.  Benjamin.  Am  Uach — Dec  19.  07.  6 
flgs.  1800  w.  80c  QiT«8  reaalta  of  tesU 
with  deflooeulated  graphite. 

Bolatlttg  Drams.  Design  of. 

Deflign  of  Rotating  DrumB.  T  lrlch  Peters. 
Mftchy— .Ian.  08.  C  flgs.  "*;Oii  w.  40c. 
Tiivrs  method   and   forniulis   for  designing 

rotary  kilns  and  dryers  for  marls,  sand,  ore, 
cement,  etc. 

Telo-ControUeF. 

Npw  Tele-Mechanic  Device.  Dr.  E.  Rranly. 
Kl  Rev— Dec.  2,  07.  6  flgs.  1900  w. 
20e.  Describes  imi'Tm  <>iijt  ;i's  in  ,ip;»ar:itus 
Intended  to  control  different  circuits  at  a 
distance  br  means  of  radlo-telegi'nphy. 


DIGE.ST 


>i£CHANI08. 

Bending  Tests. 

Hand  Bending  Tests.  Capt.  II.  Hiall  San- 
key.  Engg — ^Dec  20.  07.  8  flgs.  2100  w. 
40e.  Olvea  reaulta  of  testa  of  steel  In  a 
hand  testtnrmachlne,  by  aeana  of  whlda 
the  quality  of  Steel  can  be  ascertained  from 
the  number  of  bends  required  to  produce 
rapture,  and  from  the  effort  necessary  to 
elfect  the  bending. 

ISialn<:,  Strength  of. 

Strength  of  Chain  Links.  J.  Stieghorst. 
Schltfbau — Dec.  2,  07.  4  flgs.  3500  w.  GOc. 
Gives  mathematical  analysis  of  the  stresses. 

Elastic  Limit. 

The  Elastic  Limit  and  the  Testing  of  Ma- 
terials. H.  Gansslen.  Machy — Jan.  08.  8 
flgs.   8800  w«  40a 

Flanged  Fittings,  Strength  of. 

The  Bursting  Point  of  Flanged  Fittings. 
Ir  Tr  Her— 11  flgs.  1600  w.  80c  Qiveo 
reenlts  of  testa  nado  hr  the  Cnme  Oa.  Ohl> 
cago. 

Rings,  StrengUi  of. 

Strength  of  Rings.  Engr  (Lond) — Dec. 
20.  07.  10  flgs.  2000  w.  40c.  Gives  for- 
mulas for  determining  the  strength  of  rings, 
with  corroborative  practical  tests. 

Testing  Miichinefl. 

Hydraulic  Diaphragm  Testing  Machines. 
Engg — Dec  27.  07.  6  flgs.  2400  w.  40c 
Discusses  their  coastrttctlon,  usea  hnd  ad- 
vantages. 

Tubes,  Collapse  of. 

The  Collapsing  Strengtti  of  Tttbea.  V. 
PmasB.  8taU  it  Usen— Dec  18,  07.  14 
flgs.    4000  w.   80c   OlTsa  the  various  to^ 

mtilas  proposed,  beginning  with  Palrbairn's 
and  included  the  recent  ones  of  Carman  ft 
Can  and  Stewart 


METAIi  WORKINO. 


Balancing  for  High  Speeds.  Wm.  E.  Snow. 
Am  Mach — Jan.  2.  08.  9  flgs.  COO  w.  20c 
Describes  method  for  balancing  tho  rotors 
of  steam  turbines  and  high-speed  electric 
generators. 

Chain  Machine. 

Chain-Stud  Recessing  Machine.  Am  Mach 
Jan.  2,  08.  9  flgs.  1200  w.  20c.  Describes 
novel  maiAilne  built  by  Hana  Renold  for 
chain  work. 

Chock. 

Machining  a  Chuck  Body.  <k  H.  Glbbc 
So  Machy — Jan.  08.    1  fig.    8200  w.  20c 

Orank'Pin  Tnmlag. 

A  Novel  (German)  Crank-Pin  Turning 
Machine.  Prank  C.  Perltins.  Am  Mach-— - 
Dec  10,  07.  1  flg.   600  w.  SOc 
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On  March  1, 1908 

The  subscription  price  of 

CEMENT 
AQE 

will  be  increased  to  $1.50  per 
year  for  the  United  States  and 

Mexico  ;  $2.00  per  year  for  Can 
ada  and  Postal  Union  Countries. 
Single  copies  will  be  15  cents 
each. 

Those  subscribing  be/oreM.zich 
Ist  will  secure  the  benefit  of  the 
present  rate  — $1.00  per  year  do- 
mestic; $1.50  foreign — and  may 
prepay  for  as  many  vears  as  they 
desire.  Subscriptions  sent  at 
once  may  begin  with  the  Janu- 
uary 

Design y  Decoration 
&  Development 
Number 

This  special  issue  contains  138 
pages  of  reading  matter  and  il- 
lustrations—the largest  number 
ever  printed  by  a  periodical  in 
this  field.  Single  copies  25  cents. 

Cement  Age  Co. 

221  Fifth  Avenue,  New  York 


READY  I 


Second  Edition 
The  Latest  and  Best  American  Work 
on  the 

DISTILLATION  OF 

ALCOHOL 

FROM  FARM  PRODUCTS  AND  DEMATURING 
ALOOMOL 

By  F.  B.  Wright. 

The  work  has  been  thoroughly  revised, 
partly  rewritten  and  considerably  en- 
larged, and  in  the  Second  Edition 
contaim  niarly  300  packs,  with  60 
illustrations  and  plates,  givinc  the 
latest  Americao  practice,  nackbery  ami 
aathorized  United  States  formolas. 

^1>00  *oaT9Ka> 


SPON  &  CHAMBERLAIN 

123  E.  a  UDERTY  STREET.  NEW  YORK 


Publishers'  Co-operatiYe 
Company,  he 

STOKES  BUlLDlNa  333  FOURTH  AVE. 
NEW  YORK  CITY 


Supplies  io  puUtsher*.  en^ncerin^  and  coramercul 

boutn,  teciuucal  wcietiei.  wd  iadind«abi 
TraailBlion  to  and  from  Enrapoaa  aid  Oriaalal  Lam* 

guage*  of  book*  and  corre«pondenc«. 

Literary  editiag  o(  report*,  icieali&c  work,  etc 
General  edUorial  wortc  for  periodieab. 

Data  for  ancyelopediai,  and  for  werkt  on  afli  aad 

tcMOce*. 


lodeung  of  technical 
Editorial  proofreadiBg. 

Preparation  of  aihcflwng  natter  for  lectwical 

Book  review*.    Book  catalog*. 

Rewarcb  work  in  iibrariei.  coUoclioa  of  literuy  ma- 
larial ontpecial  luljacli. 

Compltng  of  nilef«aca  and  lest-hoofai  trade 
logue*,  elc. 

Terms  furmshed  on  a^f^ratitm. 
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WOe»,  Testing  Machine  for. 

Testing  the  Cutting  Quality  of  Flies.  Ed- 
ward 0.  Herbert.  Am  Mach — Dec.  19,  07. 
a  flgi.  1700  w.  20c.  Describes  an  inter- 
ceUnf  testing  machine  and  gives  results  of 
tests  made  with  ordinary  and  ap««ial  ateela 
and  eorreotlr  shapaA  taoth. 

Gear  Onttlag. 

Gear-Cutting  Machinery.  Ralph  E.  Flan- 
ders. Macby— Jan.  08.    23  figs.    7600  w. 

VlI^i*Bpecd  Otaali 

Harileniiig  High-Speed  Steels.  Nela  Ql/m. 
It  Age — Jan.  9.  08.    900  w.  20c. 

Tb«  Theory  of  High-Speed  Toot  Steel. 
George  Auchy.  Ir  Age— Dec  26,  07.  7000 
w.  20c.  Gives  conclusions  drawn  from  a 
compailsoii  of  anthortttea. 

Vaster  Plates. 

Master  Plates  and  How  They  Are  ICade. 
B.  H.  Ktns.   Am  ICaeh— Dee.  19.  07.  12 
.  flga.   SOOO  V.  SOe. 

MniinR. 

Milling  Operations  on  Vise  Parts,  John 
■dgar.  Haeby-^as.  OS.  10  Use.  1900 
W.  40e. 

Planer. 

Gigantic  Metal-Working  Planer.  Machy — 
Jan.  OS.  lo  fiRS.  ."JOOO  w.  40r.  Descrlhos 
the  largest  tool  of  Its  kind  ever  built,  weigh- 
ing 4  22  tons  and  requlrlnff  207  motor  HP. 
to  operate. 

Tabc  StralKhtcnlng. 

Tube-Slraightenlng  Machine!?.  C.  Wades. 
Stahl  u  Elsen — Jan.  1.  OS.  S  flps.  200it 
w.  60c.  Describes  rolls  for  straightening 
gas  pipes  and  boiler  tabes. 

Timilng  and  Formfng  Toots. 

Formulas  for  Circular  FmiDlnfj  Tools. 
Machy — Jan.  08.     2  figs.    700  w.  40c. 

Machining  a  Turret-Lathe  Turning  Tool. 
A.  J.  liiil^er.  Am  Mach — Jan.  2,  08.  G  fiK-s. 
1600  w.  i;nc.  Describes  jfgs  and  fixtures 
that  are  indixofl  to  set  the  work  at  the 
proper  arikl'  s  while  milling  and  drilling. 

Welding  by  Tlectricity. 

^:iectrSc  \V(>l<HnK.  C  B.  Auol.  Elec  Jl — 
Jan.  <i.s.  :»  ligs.  L'ltHi  w.  I'll,-.  Describes 
the  Benardoa  arc  process,  as  applied  to  weld- 
ing Steel  caatlnga,  pipes  and  plates. 

Wonn  Wheels,  Hobbing. 

A  Holibliik'  Machine  and  Di^  i(linf;-Hea<I 
TestR.  Am  Mach — Jan.  2,  08.  i fijrs  2nuu 
w.  20c.  Describes  special  macliine  for  hoi  - 
blng  accurate  worm  wheels  for  dividing 
heeds,  the  beads  being  afterwards  tested. 


REFRIOKBAXION. 

Cold  Storage  Plant. 

The  Ftsh  Freezing  and  Storage  Plant  of 

the  Consolidated  Weir  Co.,  Provlncetown. 
H.  8.  Knowlton.  Eug  Rec — Dec  28.  07.  4 
flgs.    1400  w.  200. 

Heat  Calculations. 

Refrigeration.  Sydney  F.  Walker.  Mech 
Wld— Jan.  3,  08.  2300  w.  40e.  III. — 
Quantltlea  of  heat  to  be  extracted  In  maUng 
lee. 

STEAM  I'OWKB  PI/ANTS. 

« 

JSaA  Pressure,  Inflnenoe  of. 

The  Influence  of  Hack  Pressure  ami  fl  o 
Tlecelver  Steam  on  the  Steam  Consumption 
of  a  Reciprocating  Engine.  C.  Eberle» 
Z  V  D  I — Dec.  21,  07.  24  figs.  7  tables. 
8500  w.  Dec.  28.  10  llgs.  2  tablea.  8600 
w.  Bach,  00c. 

Boiler  and  Fnmaces. 

A  Boiler  Furnace  for  Burning  High- vo- 
latile Coals.  Eug  Rec— Jan.  11,  08.  2  figs. 
2100  w.  20c  Describes  a  new  boiler  fur- 
nace specially  adapted  to  burning  the  Ug- 
nltea  abundant  la  the  Rodty  Mountain  rsg^ 
Ion. 

A  Recent  Water-Tube  Boiler  Test.  Wil- 
liam Kent.  Ind  Wld — Dec.  23.  07.  2000 
w.  20c.  Gives  data  and  results  of  evap- 
orative tests  on  an  unusually  efficient  boiler 
uatng  run-of-mtne  coal. 

Design  of  Riveted  Joints  for  Hlgh-Pres- 
sure  Boilers.  Vernon  Smith.  Prac  Engr — 
Dee.  18.  07.  8  flgs.  1000  w.  40a 

Doable  Boilers.  W.  Rottman.  Zelt  fdr 
Dampfhessel    und  Maschlnonbetrleb — ^Dec. 

27,  07.  2  flgs.  3000  w.  60c.  Gives  re- 
sults of  tests  of  an  arrangement  of  two  con- 
nected boilers  set  one  above  the  other,  the 
lower  being  a  flue  boiler  and  the  upper 
either  a  tubular  or  flue  boiler. 

Estimating  the  Coat  of  a  Retnm  Tube 
Boiler.    F.  O.  Douglas  Wilkes.  Boiler 

Ma1<er — J.m.  0  8.    4800  w.  20c. 

Grille  Water-Tube  Boilers  at  the  Bor- 
deaux l-:xhibition.  Engg — Dec.  13,  07.  6 
flgs.  2500  w.  40c.  EKiScribes  a  new  tjrpo 
consisting  of  a  cylindrical  steam  drum  to 
which  are  riveted  a  top  and  a  bottom 
header,  connected  to«etta«r  by  solld'dmwn 
bent  steel  U-shapo  tube?. 

Methods  of  Measuring  the  Entrained 
Water  from  Boilers.  G.  Rosset.  G4nle  Civil 
— ^Dec.  21,  07.  1  fig.  8000  w.  60c.  De- 
scribes denslmetrie  and  calorlmetie  meth- 
ods. 

Some  Results  Due  to  Improvement  in 
Boiler  and  Furnace  Design.  .4.  Bement — 
Eloc  Ry  Rev — Dec.  28.  07.  2  Hkh.  IftOO 
20c.  Abstract  of  paper  presented  before 
the  Western  Society  of  Engloeers,  Chicago, 
December  18.  07. 
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The  Clipper  Clip 

ti^Its  triangular  shape  prevents  entangling 
and  gives  three  times  the  capacity  of  anjr  other 
Clip  for  attaching  papers  together. 

BtMt  and  Cktapett.  AU  Sttttkmrs. 

Brass  or  SImL  Smd  lOc  fcv  Bm  «f  lOCk. 

Clipper  Manufactiuring  G>mpany 

3M368Genutl  A«M^      N««r  York,  U.  S.  A.  Ihl 


The  Lat  est  ' 


>,  Initaiar  If  I 


TO  BOOK  BUYERS 


WE  have  just  issued  a  new  112-page  catalogue  of  re- 
cently published  Scientific  and  Mediatucal  Books, 
which  we  will  mail  free  to  any  address  on  application. 

MUNN  &  COMPANY 

AMMlers  €f  SCIEUTIFJC  AMERICAN 
353  BROADWAY  NEW  YORK 


A  Serial  Sequel  to 

Gillette's  ''Cost  Data'' 

Those  of  the  fO,ooo  purchasers  of  Gillette's  "  Hand  Book  of  Cost  Data " 

who  have  not  already  subscribed  for  "  I'rminferhtji-Contracting"  \\\\\  do  well  to 
send  for  a  sample  copy,  for  the  articles  on  METHODS  AND  COSTS  in 
"  Engineering-C«ntraciin/t "  really  form  a  serial  'sequel  to  Gillette's  "  Cost  Data.** 

Those  who  have  not  already  purchased  Gillette's  "Cost  Data"  (600  pajjes  of 
costs  for  $4)  will  also  do  well  to  send  for  sample  copies  of  ^'  Enginetring- 
CantractinM,"  {or  they  will  learn  what  Gillette's  "  Cost  Data  "  is  like.  Mr.  Gillette 
has  recently  completed  his  appraisal  of  all  the  railways  in  the  State  of  Washington 
— property  worth  a  quarter  of  a  billion  dollars — and  now,  as  managing  editor  of 
"Engineering-Contracting"  he  is  writing  a  series  of  articles  coveringr  the  cost  of 
every  item  of  railway  construction.  Mr.  Daniel  J.  liauer.  as  editor  of  the  Earth 
and  Rock  Section  of  Ettjiintrriini-Contractinj^^'  is  giving  new  and  valuable 
matter  on  economic  methods  of  excavation  and  itemized  costs.  The  paper  can 
best  be  judged  by  sample  co[)ies,  which  we  will  gladly  send.  .Since  "  Engineering 
World"  was  purchased  and  absorbed  by  En^tncerinj^-Conlrafiing,"  the  subscrip- 
tion rate  has  been  $2  a  year  (52  issues),  but  for  the  next  few  weeks  a  year's 
subscription  may  be  had  for  $1 ;  Canadian  subscription,  $2.    Sen!  fi  -r  sample  copies. 

ENGINEERING-CONTRACTING 

3S3  Dearborn  Street,  Chicago,  UL 


PaironUe  KNUI.NEEKiNU  JJIUEST  Advertiaera  When  You  Can. 
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OUmnejr  Deni^. 

The  Design  of  Power  Plant  Chimneys. 
Frank  Klngsley.  Eng  Rec — Dec.  21.  0  7.  4 
fl^s.  4500  w.  20c.  Discusses  tbe  use  of 
Kent's  formulas  under  varying  conditions 
and  glvea  a  cbut'Of  dimensions  of  ohimaers 
for  dUEeKiit  eervloMi. 

* 

CooUng  Tonrers. 

OooUns-Tower  Praetloe.  Dr.  Joa.  H. 
Hart.  Ens  Mas — Jan.  OS.    16  list.  MOO 

w.  40c. 

Cost  of  Power  Plants. 

Cost  of  Constructing  Steam-Driven  Elec- 
tric Power  Plants.  Frank  Koester.  Eng 
News— Dec.  10,  07.  1900  w.  20c  Gives 
cost  data  per  K\V.  capacity  of  the  tarlom 
elementH  tnaklnx  UP  tlie  plant. 

COi  Recorder. 

▲  New  COt  Recorder.  O.  O.  Malllom. 
Proc  Am  Inst  E  B — Jan.  OS.  4  ftga.  1000 
w.  SOe.  A  paper  read  before  tke  Am.  but 
of  B.  E.,  New  York,  Dec  13.  07. 

Cjrlinder  Condensation. 

Cylinder  Condensation  and  Preventives. 
En^r— Jan.  1,  OS.  3  figs,  2100  w.  $1.00. 
Discusses  steam  jacketing,  superheating  and 
compottBdliig. 

Bm^nes:  CorUs.s,  High  Spoi-d,  Etc. 

American  CorUas  JSnglne  PracUoe.  JBngr — 
Jan.  6,  08.  fl.OO.  A  SO-page  pvofaitij  U- 
laatrated  artlde  lettlns  fortli  tlie  ftetnrM 
of  the  yartous  Corllw  deelgna. 

Cliararteristlcs  of  the  Corliss  Engine. 
Kngr — Jan.  1.  08.  15  flgs.  2000  w.  $1.00. 
Describes  features  of  valve  sear,  single  and 
double  eccentrica  and  glrea  nomenclature  of 
parte. 

LiiilnR  Up  a  Horizontal  Engine.  T.  E. 
O'Donnell  Enpr  .Tan.  1,  OR.  5  figs.  3200 
w.  (Special  Issue.  I  ji.od.  r:ives  simple  and 
complete  dlre«th>ns  for  tbls  work. 

Low  and  Medliun  Speed  Engines.  Engr 
— Jan.  1.  OS  $1.00.  A  25-page  artlrle, 
profusely  Hhist  rated,  de.HcrlblnR  a  large 
number  di  iwo.  ihrii'  and  fonr-vaho  en- 
gines, ranging  in  speed  from  125  to  200 
r«p#m. 

Tandem  Compound  Engine  wttb  Bolllnckz 

Valve  Gear.     EnRg — Dec.  20,  07.     13  flgs. 

800  w.  ^|'(■■  (lives  plates  showitifr  the  ar- 
rangements of  the  valves  and  valve-Kear. 

The  High-Speed  Engine.    Engr — Jan.  1. 
.  08.    11.00.    A  28''paKe  article  describing 
many  piston  and  altde-valve  typee  and  their 
variations. 

Peed-AVat.  r. 

Simple  .Methods  of  Testing  Eeod-Water 
and  Lubrlrant.s.  James  E.  Noble.  Power^ 
Jan.  14.  Ob.     1  fig.    1400  w.  20c. 

The  Purlflcatlon  of  Feed-Water.  Charles 
L.  Hubbard.  El  Rev — Jan.  4,  08.  1  flc 
2400  W.  20c. 


Symndatfons  for  Engines. 

Fo  undatlons  for  the  Steam  Engine  Eupr 
— Jan.  1.  08.  6  figs.  3000  w.  i  Six-rial 
issue,  11,00.)  Discusses  tbe  materials  used 
and  reanlrauMiitB  for  a  good  fonndatlon. 

FMOIs. 

Pulverized  Coal  and  Its  Industrif.l  Ap- 
plications. William  D.  Ennis.  Eng  .Mag — 
Jan.  08.  11  figs.  3000  w.  40a  II. — 
Modea  of  Firing  and  CkmitrneUon  of  tbe 
Furnace. 

The  Jahns  System  of  Transforming  Sojld 
Fuel  Tr  r  )  Cas.  Oskar  Nagel.  Electrochem 
&  Met  Indus — Jan.  08.  5  figs.  1300  w. 
40a 

Governors. 

Governing  the  Steam  Engine.  Engr^ — Jan. " 
1,  OS.    12  flgs.    4000  w.    Jl.OO.  Describes 
a  number  of  typical  governors,  .their  action 
and  adjuatmrnta. 

Heat. 

Heat  Calculations. — Continued.  Chem 
Bngr — Dea  07.  1  flg.  4000  w.  20c.  Gives 
metbibda  of  determining  epeciflc  beat,  tber- 
mat  capacity,   tbeoretleal  temperature  of 

eombuFtion. 

The  Practical  Significance  of  tbe  Carnot 
Cycle.  joHeph  H.  Hart.  Mag— Jan.  08. 

3400  w.  40c 

Steam  Piping. 

Steam  Pipe  Systems  for  Generating  Sta- 
tions. John  H.  Rider.  Elec  Bngg — I>«c. 
If,  07.   8  JIga   4100  w.  40a 

Steam  Torfolnee. 

An  Bxbauat  Steam  Turbine  Plant.  H.  H. 
Wait.  Proc  Am  Inat  E  B— Jan.  08.  16 
llgB.   10,000  w.   80c.   Deseribea  a  turbine 

utilizing  the  exhaust  steam  from  a  reversible 

ensino  which  drives  the  blooming  rolls.  A 
paper  read  before  the  Am.  Inst,  of  K.  K., 
Dec.  13.  07. 

Modern  Steam  Turbine  Practice.  Engr — - 
Jan.  1,  08.  4  flgs.  1200  w.  $1.00.  De- 
scribes the  theory  of  operation  and  the 
construction  Of  tbe  varioua  types  made  In 
the  V.  S. 

The  Practical  Proportioning  of  tbe  Reaet- 
ion  Steam-Turbine.  Bngg — ^Dea  IS.  07.  1 

flg.    3700  w.  40c. 

The  Wlllaiis-Parsons  Steam  Turbine. 
EnKK — Jiiu.  a,  OS.  38  flgs.  6600  w.  40c 
Gives  details  of  construction  of  the  reaction 
turbines  made  by  Wlllans  A  Robinson,  Ltd., 
Rugby,  England. 

Taahs,  Design  of. 

Mild-Steel  Tank  Practice.  Mech  W!d — 
Dec.  20.  07.  8  flgs.  1800  w.  40c.  Gives 
]  tract  leal  methods  for  designing  tanka  for 

storage  pur  noses. 

Valve  Setting. 

The  Indicator  for  Valve  Setting.  Engr — 
Jan.  1,  08.  18  flgs.  2100  w.  (Special 
Issue.  11.00.) 
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Architects'  and  Builders'  Magazme 


HIS  MAgaxine  ia  devoted  to  deBcribiog  and  iUastratiag  the  aituttc,  technical  and  con- 
strttctive  featmei  of  modern  building. 

While  it  gives  coiuidi  rablc  epace  to  illustrations,  it  is  by  no  means  a  men* picture 
book,  bat  enters  carefully  into  all  the  consiructive  and  engineering  featuxet  Of  ite 


bnildinga,  meh  as  foundations,  ^reproofing,  etc.,  giving  the  beet  practioe  of  the 
leading  architcct«,  engineers  and  builders. 

In  addition  to  treating  recent  structures  in  this  full  and  elaborate  manner,  thei«  appear 
from  month  to  month  serial  and  special  articles  on  technical  BUbjecta»  legal  qwetions  iHeetlng 
architecte  and  buildeni  and  other  matters  of  current  interest. 

The  aim  of  the  pabUeh«n  being  to  furnish  an  up-to-date  montUy  representing  the  latest 
and  best  ideas  of  the  arehftectoral  profession. 

A  new  article  on  Iwproof  Conatnictioii 
started  with  October  Number. 

bsncd  Monthly  at  18.00  per  year.  Canada  $2.60.  Foreign  Snbseriptioas  IS.00  per  year.  8in|^ 

WILLIAM  T.  COMSTOCK,  Publisher 

23  WARREN  STREET,  NEW  YORK 

tw  Send  for  Samph  and  CUb  Gstalnim  B»  with  terms  fbi  Magasine  and  Tsehnieal  libmy 
on  small  monthly  payment*. 


There  U  a  reason  why 

MINES  AND  MINERALS 

has  a  iartjer  paiil  circulation  amon^ 

Mine  Owners  and  Mine  Officials 

than  any  other  rninine  journal 

The  recuon  is 

Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better  illustrated,  than  any  other 

It  is  devoted  exclusively  to  practical  Mining  and  Metalluney 
SohtcriplMii  Price,  $2.00  per  yttr  Sanple  copj  on  rotaoft 

MINES  AND  MINERALS 

DENVER,   COLO.  SCRANTON,  PA. 
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METALLURGY 


COKE. 

Coke-Drawing  Machine*. 

Coke-Drawing  Machines.  Waller  W.  Mac- 
farreii.  Ir  Tr  Rev — Dec  19.  07.  9  Aks. 
600  w.  Dec  26.  6  figs.  1700  w.  Kach, 
20c.  De^ibes  these  and  other  machines 
for  use  at  the  orena  In.  the  mannfafstiin  oC 
coke. 

The  Marmas  Coke-Drawing  and  Loading 
Machine.  Ir  Afe— Deo.  tt,  07.  C  flge.  2100 
w.  20c. 

COPPER. 

Bhwt  Pipes. 

Preveating  Blast  Pip^  from  Vibrating. 
Thoiuas  Evans.  Engg  &  IUb  Jl — ^Dec.  il, 
07.    2  flga.    400  w.  SOo. 

CoiBCentratAr. 

The  Six-Tliousand-Ton  Concentrator  of 
the  Utah  Copper  Co.  R.  Herrlck.  Mines 
fk  MJn — Jan.  08.  7  figs.  4400  w.  40c. 
Describes  iho  machinery  equipment  Mid 
method  of  milling  at  Gartteld,  UUh- 

Electric  Smelting. 

Metallurgleal  C«loiil«tloin.  J.  W.  lUA- 
ardfl.-  Blectrochem  it  Met  Indus — Oeo.  07* 
1800  -w.  40c.  Worka  out  a  problem  la  the 
electric  smelting  et  copper  ores. 

Electro  Deposition. 

Electro  Deposition  of  Copper.  A.  Ilum- 
l)ol(U  Sexton.  Mech  Engr — Jan.  4,  07.  1 
fig.  5000  w.  40c.  Describea  the  electroly- 
tic refining  and  electric  smelttag  Of  eopper 
ores  by  varioua  prooeaaea. 

Mctallargy. 

The  Metallurgy  of  Copper  in  1907.  Wal- 
ter R.  lugalls.    Bog  4k  Mia  Jl— ^aa.  4,  08. 

1  1  00  w.  20c. 

Prt<iiiitiiti(.n  I)}  Wet  Processes. 

I'n  cipltatlon  of  Copper  From  Cupriferotts 
Waters.  Frank  H.  Probert.  Mln  &  Sc  Preaa.— > 
Jan.  4,  OS.  2  figs.  3800  w.  20c.  GlTca 
methoda  of  extracting  copper  from  lean  area 
by  wet  prooaiaea,  at  Rio  Unto*  Spata. 

Smelter. 

The  Smelter  of  the  Mammoth  Copper 
Mining  Company,  at  Keuuett,  California. 
Donald  F.  Campbell.  Mln  &  SC  PrcW  Jan. 
4,  08.    3  flgH.    2u00  w.  20c. 

Moval)le  Converter  Hoods.  A.  H.  Wethey. 
Eng  &  yun  Jl — Jan.  lt»  08.    8  flga.  1000 

w.  20c. 

GOLD. 

Cyanidatlon. 

Use  of  Compressed  Air  In  Cyanidatlon.  A. 
Grothe.  .Min  Wld~Jan.  11,  08.  1  fig.  1200 
w.*  80c. 


l*rogrest»  In  Ore  Treatment. 

ProRresg  In  the  Treatment  of  Gold  Ore. 
.Virred  .lames.     Min  &  Sc  Pr — Jan.  4t  08. 

1  ng.    L':ioo  w.    20c.   A  concise  wUiw  of 
advances  made  during  1907. 
Bellnfng. 

The  Clean-Up,  Melttngr  and  Refining  of 
Gold  Bullion.  Gerard  W.  Williams.  Mln 
Wld^an.  4.  08.    8400  W.  80C; 

Boasting  Tellnride  Ores. 

The  Roasting  of  Tellurlde  Ores.  R.  L. 
Mack  and  O,  H.  Sclblrd.  .Mln  &  S  :  I'm  i^js— 
Dec.  14,  07.  4,000  w.  Dec  21.  10  figs. 
8800  w.   IBsiA,  80c 

Slime  Treatment. 

Slime  Treatment  at  Kalgoorlte.  M.  W. 
Von  Bemewitz.  Min  &  Se  Press.  Pea  14* 
07.    1  fig.    900  w.  20c 


IRON  AND  STEaSL. 

Blowing  Kngincs,  Ga.s-Driven. 

Expericnoe  in  the  Cooatruction  and  Ope- 
ration of  Qas-DrlTen  Blowing  Bnglnes.-~J. 
H.  Baer  and  H.  Bonte.  Z  V  D  1 — Jan.  4. 
08.    SI  figs.    4600  w.  60e. 

Duplex  Hteel  Process. 

The  Duplex  Process  tor  Steel  ICaklns- 
Prof.  Henry  M.  Howe.  Bleetroehem  ft  Mist 

Indus- -.Tan.  OS.     llOO  W.  40o. 

Electric  IU>U>Drive. 

Novel  Bleetrto  Drive  tor  RolHsg  WUa.  Am 
HUuh — Jan.  8,  08.  8  flgs.  1800  W.  SOe. 
Describes  method  In  which  a  small  motor 

drives  the  rolls  during  the  passes  by  utiliz- 
ing the  stored  energy  of  a  heavy  fiy-wbeel. 

Eloctro^Thermic  Pteceesss. 

The  Bleetro-Thermle  Produotton  of  Iron 
and  Steel.  Joseph  W.  Richards.  Jl  of 
Franklin  Inst — Jan.  08.    8  flgs.    8700  w. 

60c 

Ferro*AIIoys. 

Ferro-Alloys  and  Metals  Used  In  Steel 
Manufacture. — 1.  W.  Vanator.  Stahl  u 
Blsen — Jan.  8,  08.   8500  w.  60c 

Iron  nnd  Strd  I'lodiictlon,  1907. 

Iron  and  Steel  Production  la  1907.  Fred- 
erick Hobart.    Eng  ft  Mln  Jl — Jaa.  4,  Ojl. 

no  (If  I  w.      2  Or. 

SoUdittcAtion  of  Alloys. 

A  Graphical  RepresentaUon  of  the  Solldt-. 
iteatlon  of  Butectle  Alloys.  Blectrochem  ft 
Met  Indus — Jan.  08.   1  l|g.   1000  w.  40c 

Steel  Mill. 

The  Grey  Stnirliiiril  .Mill  at  South  Beth- 
lehem. Ir  Asff  Inn.  2,  08.  12  flirs.  2600 
w.  20c.  Ue- nil  ■  ;uiue  Imporliiit  iiuiirove- 
tueuts  it  posses-ses  over  Itfi  German  proto- 
type. 
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^  STRUCTUIVIL  SHAPES  * 

For  SftLE  BY 

New  Yo/iK  City. 
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Eklge's  Weight  Computer 

for  Structural  Shapes— Price  $1.00 


A  Veiy  Useful  and  Helpful  Instrument."— iV^0»  Ccnstruaim  Co. 


It  will  cateoltttA  ^ritbottt  MnNir  the  welshc  of  •tnietiiM]  alMpMOf 
•ikjr  lensiCli,  wltbont  mvltlpUoatlon  or  reftannes  to  Ifoolc*  «r  table* 


THE  \vcit;ht  of  .in)-  plate,  from  a  small 
filler  to  the  large-.l  rolle<)  web  plate, 
can  be  found  in  four  or  livt  srconds. 
As  shown  in  cut,  the  weight  of  a  piatu 
4X  '3  in  X  10  ft.  is  68  lbs.  The  (  oinputer  is 
50  arranged  that  the  weight  of  an  ati^'le  ol  any 
length  can  be  found  with  equal  rapidity.  The 
thtckoesa  of  the  angle  required,  found  on  the 
sioall  tab  on  the  up|>er  disc,  Ik  branght  oppo- 
■iM  a  poiot  00  the  lower  diic  representing  the 
flom  of  the  two  legs  of  the  angle,  and  the 
weight  read  ditcetly  Opposite  the  length,  as 


with  plates.  The  weight  of  beams  of  any 
length,  when  weiRht  per  foot  is  knowti,  is 
found  by  l>rin;;in^;  the  arrow  on  the  upper 
disc  opposite  a  point  on  the  lower  di?ic  <  nrrr- 
spending  to  the  weight  per  foot,  andliie  result 
scale  opposite  the  length  nf  the  beam  gives  ibe 
required  weight. 

Errors  are  entirely  eliminated  ;  weights  are 
definitely  marked  on  the  resolt  Mate. 

Tbe-Compatisr,  about  four  limes  as  npid  aa 
a  slide  ntle.  will  save  its  cost  to  two  or  three 
davs 


The  Edge  Computer;  SiJes  Agency*  Room  9K,  220  Braodimj,  New  York 
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Sulphur  Fruni  Furnace  Gases. 

Api)araiu3  for  ObtaiQitig  Sulphur  From 
Furnace  Gases.  Franklin  R.  Carpenter. 
Mln  Wld — Jan.  4,  08.    5  flg.s.    1700  w.  20c 

TnreUng  Crane  for  Steel  Works. 

Mechanical  Appliances  for  Steel  Works. 
F.  Frollch.  Z  V  D  I — Dec.  28.  07.  36  flga. 
5000  w.  60c.  Olves  details  of  overhead 
traveliAg  cr»nea  used  for  transponiiiK 
Hdln. 

LEAD. 

MataSlmrtf  of  Lead. 

The  Metallarnr  oC  Lead. — ^I.  J.  W.  Rich- 
ards. Biectroehem  A  Met  Indnb — Jm.  08. 
4100  w.  40e. 

'/INC. 

Modern  Milling  Practice. 

Modem  Mllllnc  Practice  in  Mlnoarl-Kan> 
aaa  Field.  Otto  Rahl.  Hln  So—Dee.  26,  07. 
2  llgs.   SSOO  w.   20e.   Dleenisee  ImpvoTed 

Jigging  methods  and  the  increaaod  WVfBS 
of  fines  In  table  concentratloa. 


Zlne  Smelting  in  the  United  States  in 
1007.  W.  Ingalls.  Eng  &  Mln  J] — Jan.  4, 
OS.   2000  w.  20«. 


Oxide,  Redortiou  of. 
Physical  Factors  in  Metallurgical  Redoo- 
tion  of  Zinc  Oxide.  Woolsey  McA.  JohnaOO. 
Mln  Wld — Dec  21,  07.    2100  v.  20c. 


MlfiOELIiAlfBOUS. 

Assay  Fnmaoe,  GaeollM. 

Construction  and  Manipulation  of  a  Gas- 
oliue  Assay  Furnace.  Wilton  E.  Darrow. 
Min  &  Sc  ProM  Pee.  14.  07.  1  flg.  2400 
w.  20c. 

Ore  Dress! itf;  Plant,  Report  On. 

Outline  for  Report  on  Ore  Drcs.slrp  T  lant 
by  the  Faculty  of  the  Colorado  School  of 
Min  en    .Min  &  Mill  (Denver) — ^Dec.  27,  07. 

70a  w.  20c. 

Uinoltor  Contracts,  Analysis  of. 

Relation  Between  the  Assay  Value  ot  Mill 
Products  and  Smelter  Contracts.  Gelaalo 
Cactani.  Min  &  Sc  Pr — Jan.  4,  08.  1  lis. 
2100  w.  20c.  Gives  mathematical  forma* 
las  for  eKprsMlBs  lUAlter  oontraeta  la  a 
'^oDvenlent  form  tor  aaalrala  and  dlsousslon. 

Tungsten. 

The  Usea  ot  Tangaten.  Frank  L.  Heaa. 
Mln.  Wld— Dec  31.  07.  700  v.  20c^ 


MINING  ENGINEERING 


Accidents. 

Coal  Mine  Accidents;  Their  Causes  and 
Prevention.  Clarence  Hall  and  Walter  O. 
SnellinK  Min  Wld — Dec.  28,  07.  3900  W. 
2Uc.  Extract  from  BuUetlB  No.  222  (1207) 
U.  8.  Geol.  Survey. 

Monongah  Mine  Dbasler.  H.  B.  BtoA. 
Mines  &  Min— Jan.,  08.  5  flga.  2000  w. 
40c.  Describes  the  methods  of  working  In 
mines  and  the  conditions  before  and  after 
the  explosiou. — The  possible  causes. 

The  Homestead  Mine  (Lead,  S.  D.  i  Fire. 
Unusual  Methods  Employed  in  Ftghtlug  it 
and  the  Lessons  that  it  Taught.  Bruce  C. 
Yatee.  Eng  Newa — Jan.  2,  02.  11  flga. 
OSOO  w.  20e. 

BveatliinK  Apparatus. 

Breathing  Apparatus  in  Mines.  Mines  ft 
Min — Jan..  02.  6  flgs.  SSOO  w.  40o. 
States  the  requirements  tor  imettcal  apiw*  * 
ratvs  and  gives  description  of  the  principal 
types  that  have  been  experimented  with  In 
Europe. 

Coal  Handling  MatUnor. 

Electrical  Machlnwrr  Used  In  Coal  and 

Coke  Operations.    W.  B.  SpeUmlre.  West 
Blecn     Dec    21,  07.  1  fig.    600  w.  SOc 

The  Coal-Handline  Apparatus  of  a  T.arga 
Coke  Oven  Plant.  Kn:;  Rec — Doc.  28,  0  7. 
5  flgs.  3300  w.  20c.  Describes  the  hand- 
ling plant  of  the  By-Products  Coke  Corpora- 
tion at  Solvay,  111.,  about  2^  milea  from 
South  Chicago. 


Coal  Mining. 

Electric  Power  in  Co:\\  Mining.  Cass  Mag 
— Jan.,  OS.  23  flgs.  :!6i)0  w.  40c.  De- 
scribes the  various  applications  ot  electric 
aotora  In  minings  work, 

Mtnlag  Anthracite  Coal  In  the  Wyoming 
Taller.  M.  S.  Hacblta.  Engg  &  Min  Jl — 
Dec.  21,  07.  6  figs.  1400  w.  20c.  De- 
scribes mine  in  which  steel  beams  are  used 
to  support  the  roof. 

The  Anthracite  Mines  at  Alden,  Pena.  M. 
S.  Hachita.  Eng  &  Mln  Jl— Deb  2i,  07. 
2  flgs.  2200  w.  20c  Olves  data  on  tta 
haulage  cost  ot  coal  per  ton-mile,  averace 
output  per  miner  and  methods  ot  suiidnins  a 
mine  Are. 

The  Diamondville  Coalfield,  Wyoming. 
A.  T.  Shurick.  Eng  ft  Min  Ji — Jan.  11,  08. 
1  flg.    2700  w.  20e. 

C^mpmtsed  Air  In  Mining. 

Applications  of  ComprosRod  Air  to  Min- 
ing. Jos.  U.  Hart.  Mln  Wld— Dec.  21,  07. 
1200  w.  20c 

Oofiper. 

Mining  in  tiie  Bossland  District,  BritUh 
Columbia.  Ralph  Stokes.  Mia  Wld — Doe. 
21,  07.  1  flg.  1600  w.  Dec  28.  2  flgs. 
2900  w.    Bach  20e. 

The  White  Horse  Copper  Belt  In  the  Yu- 
kon. William  J.  Elmendorf.  Min  Wld — 
Jan.  11.  08.   2  flgs.   1100  S0«. 
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Blue  Printing  Machines: 
ReVOlute  Marbloe  Co.,  027  W.  45th  8t,  N«V  Twfe. 

Boiler  Makers'  Tools: 
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O.  Kuehlc  ft  Co..  118  Fulton  SC.  New  York. 
R.  BeollK  ft  Son,  US  B,  MadlSM  It,  OhlM|0,  IlL 

Engines: 

Bite  ^^hj^lt—  Co»  tu,  9M0  Triatty  B.,  N«ir  Ttek. 
Tks  Hons  BsUbtts  Co..  ia».  69  Broadwir.  New  TWk. 


Ote  Power  Co..  2  Rector  St,  New  Tork. 
Hjrdranlic  •facfcs; 

Richard  DlMgeon.  2Q  Columbia  St..  New  York. 

PliiTn"'*t'"g  Engineers: 
Bureau  of  Illuminating  Engineering,  437  Fifth  Ave.,  N.  T. 

Insnlated  \Virc: 

Hablrshaw  Wire  Co..         Bro;>dwny,  New  York. 

Jaek.s,  Hydraulic: 
Richard  DudK-ivn.  -A  ciumhl.-i  St.,  New  Y'ork. 

Lead  Covered  Cables: 
Hablrshaw  Wire  Co..  2X1  Broadway,  New  York. 

Onice  Appliances: 
CUp[>er  Mfg.  Co..        Gerara  Are..  New  York. 
B.  O.  Rueble  ft  Co.,  110  Fulton  St.,  New  York. 

Paint  and  Varnish: 
Ntw  OsaOs  Psiat  A  Vsmlik  Co..  M«w  OssUs,  Pa. 


Paper  Clips: 
Clipper  Mfg.  Co.,  308  Gerard  Ave.,  New  York. 
Patent  AttomeTs: 

Fred  W.  Barxiaelo,  ISO  Nassau  St,  New  York. 

Edward  S.  Beach.  60  Wall  St..  New  York. 

Joues  &  Bourne,  IIL'U  F.  SI..  N.  \V.,  Washington,  D.  0. 

C.  U  Parker.  24  Ulctz  BIdg,  Washington,  D.  C. 

Joibua  R.  H.  Potts.  80  DearboiB  flC,  Ohiaiign. 

Pencils: 

Amcrlcun  Le.i.l  Prriui;  Co  ,  Now  YOlk.  ' 
L.  &  C.  lliiriUmulh.  .New  Y'ork. 

Periodicals,  Tcdmlcal: 
American  Builders'  Review,  San  FranCiecO. 
Canaillan  Municipal  JoumaJ,  MUItcb^  Qos. 
Compreesed  Air,  New  York. 
Electric  Railway  Hnvlvw,  ChlQSflOi, 
Electrical  World,  .New  York. 
Bngineerlog-Contracting,  CbtesfO. 
Baglneering  News.  New  York. 
EngtneerlDR  Record,  New  York. 
Industrial  .MaKn/Inc,  Park  Row  BM^,  Nsw  Tsck. 
Iron  Age,  N>  w  Vork. 
Prqcressive  Age.  New  York. 
BaOway  Age,  Chicago. 

Phonographs: 
Duplex  Phonograph  Co.,  SOS  FsttMMa  St.  KllSMWOSb 
Mich. 

FiUaA  Steel: 
Wsmllnssr  Bt«d  Piltat  Oow.  BowUng  Omsa  Qglees,  N.  T. 

Pumps: 

Bite  Hydraulic  Ram  Co.,  R.,  2180  TMatty  B.,  Msv  TMb 

Punches,  Hydraulic: 
BMiard  DudKCou    26  Columbia  St.  IISV  TSCk. 

Hail  way  Hnpplics: 


irlean  lly.  Supply  Co.,  24  Park  PL.  NtW  TOVk. 

Schools  and  Colleges: 
Armour  Institute  o(  Technology,  Chicago. 
Clarkson  School  of  Technology,  Potsdam.  N.  Y. 
Lehigh  UntversUr,  South  Bethlehem,  Pa. 
Ohio  Norlhirn  Liilvorslty,  Ada.  Ohio. 
SansaciiK-r  i'oiyti-cbutr  Imtltnts,  Troy,  N.  Y. 

Boss  Polylerhiilc  InslltttMk  TSTTS  BSBtik  Isd. 

Signal  Wire: 
BUtlrshaw  Wire  Co.,  2fiS  BrSSAwar,  Nsw  Tsife. 
Steel  Piling: 

mmttoinl  Steel  Oowpmer: 

BdfS  Oonputw  Sales  Agency,  220  Broadway,  New  YOllL 

ftaudlng  Machines: 
Oepta  Pbooogrnph  Co..  ao8  PattsissB  at,  ks1»hw» 

Mich. 

Tanks,  Wooden: 
BsKUnoro  Coopcragn  Co..  BaltlmoNb  lU. 

Testing  Laboratories: 
iaamtrial  LAboratorle*.  164  Front  St,  Nsw  ToriL 
Itede  Testing  Laboratory,  Nasareth.  Pa. 
Mleblgan  Trchnicai  Laborsisry,  Dstvolt.  Mldt 
MOOadnock  L.-iburatorlos,  CblOSIS,  IIL 

Tltne  Cttecks: 
Amerii  an  Ry  Supply  Ot.,  24  Park  PL,  Nsw  Toik. 

Tool  Steel: 
Wm.  JsiBop  A  Sons.  91  JAa  St.  N.  T. 

Tmvcn,  Steel: 
Balthnors  OesiMmts  Co..  Bsltlmn,  H4. 

Tracing  Cloth: 

U  ft  C.  Uardtmutb.  New  Yoifc.   . 

Tsetaaloal  Su^jrOa^M  Bast  14tk  St.  New  Tork. 

Richard  Dudgeon.  26  Columbia  St,  New  York. 
Vanadium : 

Vanndlum  Alloys  Co  ,  25  Broad  St.  New  York. 

Water  Supply: 
Rite  Hydraulic  Uam  Co..  R.,  2100  Trinity  B.,  New  York. 

Wire,  Insulated: 
Hablnihaw  Wire  Co.,  203  Broadway,  New  York. 
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Diamond  Minla<* 

Diamond  Mining  in  South  Africa.  V'n 
Taylor.    Mln  &  Mln — Jan.,  08.    6  figs.  :::.ou 
w.     'lOc.     rMhf'UBses  the  geological  forma- 
tions, dlamondiferouB  pipes  and  methods 
oC  mmorlng  tito  "Uue  groimd." 

Biq^owttoB  Work. 

8oiB«  Bxperlencw  with.  Exploration  Ton* 
nels.    Arthur  Lake.    HIn  8c — Jan.  t,  08. 

3  flgs.  SSOO  w.  20c.  States  reasons  why 
exploratiuii  work  should  be  by  sinking  cross- 
cutting,  rather  than  b7  crofl»«attlns  at 
depth  and  raising. 

ExplMlves. 

Explosives  in  Coal  Minos.  E.  J.  Deason. 
MlBoa  Ik  Mln— Jan.,  OS.  6  figs.  6800  w. 
40c.  A  rtvlew  of  the  regalatlons  and 
Woolwlcb  teats,  together  vtth  methods  and 
apparatus  used  tor  testing. 

Cmm  and  Ofl. 

ProspectiiiB  for  Oil  and  Gas.  Era.smus 
Haworth.  Min  Wld— Jan.  4,  OS.  1600  w. 
20c.  Abstract  of  paper  read  before  Am. 
Mining:  Congress,  JopUn  meeting. 

Uelallou  of  Aulic  llnal  Structures  to  Gas, 
Oil  and  Water.  Arthur  Lake.  Min  Sc — 
Dec,  19.  07.  2  figs.  1000  w.  20c.  De- 
seribrs  ronditions  in  the  front  ranf;e  o(  Colo- 
rado, Hio  San  Juan  in  Ut&b  and  Big  Horn 
Basin  In  Wyoming. 

Gold. 

Notes  on  Churn-DrlU  Plaeer  Promwetlaf . 
J.  P.  Hutehtns.  Eng  A  Mln  Jl— Dec.  28.  OT. 

C  fiss.  3600  w.  20c.  Discusses  methods 
of  handling  core  material,  recording  results, 
cato  of  to  )is  and  eaitipment  and  varlatfona 
in  procedure. 

Testing  Placer  Oround  with  the  Keystone 
Drill.  John  P.  Hutchlns.  Bag  A  Mln  JI^ 
Dec.  21.  07.  10  flgs.  4200  w.  SOe.  De- 
scribes methods  and  difflculties  of  driving 
pipe,  driilinK  und  pumping  so  as  to  secure 
a  representative  sample. 

The  Great  Gold  Mines.  T.  A.  Rickard. 
Min  &  Sc  Pr — Jan.  4.  08.  2  figs.  3500  w. 
20a  First  article  of  a  serial  giving  data 
and  statistics  regarding  the  most  productive 

districts. 

The  Walhi  Gold  Mine  in  New  Zealand. 
Ralph  St r>ke».    .Mln  Wld— Jan.  11.  08.  2 

flss.     2700  w.  20c. 

Iloistin>;  and  HiiulaKc. 

Electrical  Equipment  at  the  Clausthal 
Mines.  Eleo  Ungr — Dec.  26,  07.  6  flgs. 
1600  w.  40c. 

Electric  Hoisting  at  Qrangesberg,  Sweden. 
J.  B.  Van  Brussell.  Bag  A  Min  Jl^ — Dec.  2 } . 
07.  4  figs.  1300  w.  20c.  Describes  the 
balanced  skips  used,  which  arc  hoisted  by 
spiral  driims,  electrically  driven  and  con- 
trolled by  one  lever  and  raise  1200  tons 
In  eight  hours. 
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Labor-Savlng  Appliances  at  the  Mines  of 
the  New  Klelufontein  Company,  Transvaal. 
Engr  (Lond.) — Dec.  13.  07.  4  flgs.  4  7  00 
w.  40e,  Describee  the  conveyor  system  used 
for  ariiea.  waste  rock  and  residue  sands. 

Underground  Haulage.  Can  Min  Jl — ^Dec. 
16,  07.  13  flgs.  5800  w.  20c.  Paper 
read  before  the  BfitUh  Society  of  Mining 
students. 

Mexico. 

The  Mineral  Resources  of  ^mrn,  Mexico. 
F.  J.  H.  Merrill.  Mln  &  Sc  Jan.  4,  08. 
9000  w.  iQc 

Mine  Timbers. 

Prolonging  the  Life  of  Mine  Timbers. 
John  \V.  Nelson.  Mln  &  Sc  Pr — Dec.  2s, 
07.  s  fiKs.  2C00  w.  2i>c,  Abstract  from 
Circular  717,  Forest  Service,  U.  S.  Depart- 
ment of  Agriculture,  describing  methods  used 
and  experiments  made. 

Mining  Costs. 

Variations  in  Miuing  Coi>ts.  J.  H.  Finlay. 
Mln  &  Sc  Pr — Jan.  4.  08.  3800  w.  20c. 
Gives  and  discusses  tables  of  comparative 
costs  of  mining  gold,  lead  and  copper  In  the 

leading  districts. 

Mlninic  Methods. 

Mftliod  of  Mining  Iron  Ore  in  Wvoniing. 
B.  W.  Vallat.  Mln  Wld— Dec.  28.  07.  2  flgs. 
1700  w.  20c.  Abstract  of  paper  read  be- 
fore the  Colo.  Bd.  Soc,  Oct.  5,  07. 

Methods  of  Mining  and  Handling  Ore  In 
Butte.  Edward  HiKglns.  Eng  &  Min  Jl — 
Jan.  11.  08.    a  iigs.    ISOO  w.  20c. 

Mining  Statlirtlcs,  1907. 

Mineral  and  Metal  Production  In  1907. 
Eng  &  Mln  Jl— Jan.  4.  08.    1000  w.  20c. 
Gives  statistics  of  the  output  9t  the  more 
Important  substances. 
Quarrying. 

A  Modem  Quarry  Plant  Bngr  (Lond.) — 
Dec.  IS.  07.  9  flga.  8000  w.  40c.  De- 
scribes the  equipment  of  an  up-to-date  Bng- 
lldl  quarry. 

Granite  Quarrying.  T.  Nelson  Dale.  Mln 
Wld — n«'c.  2S,  07.  1^00  vt.  20c.  Extract 
from  niilletin  Xo.  H 1  :i    (ll'fiT)    U.  S.  Geol. 

Survey,  doscribiog  the  solution  of  numerous 
probleffls  met  with  In  such  work. 

I^dranlie  Sluicing  Plant,  j.  a.  Yeat- 
man.    Jl  of  Blec  Pow  &  Gas — Jan.  4,  08. 

4  flRs.  1400  w.  20r.  Dcsnib-^a  an  orlfiinal 
and  nniquo  California  plant  for  removing 
ih<'  soil  over  burden  in  opening  a  rock 
quarry. 

Silica  Sand. 

Til"  Fili.  H  S.iiid  Industrv.  Beverlev  S. 
Kaiidulph.  Eng  &  Mln  Jl— Dec,  28,  07.  6 
figs.     1400  W.  20c: 

Silver-Lead. 

Mines  of  Tintlc  District.  Utah.  Robert  B. 
Brlnsmade.  Mines  &  Min — .Tan.,  OS,  0  fips. 
6000  w.  40c.  Dt^cribes  the  regions  and 
methods  employed  la  the  prladpal  mines 
and  mills. 
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3^  Scientific  American 

prompdy  chronicles  every  hem  of  news  concerning 

The  Industrial  Development  of  the  World 

IT  is  unique  among  periodical  literature  because  of  the  authoritative  infoT' 
mation  it  contains  that  cannot  be  found  elsewhere  regarding  Scientific, 
Mechanical  and  Engineering  Progress.  It  is  a  favorite  in  the  Home  because 
its  news  of  the  great  achievements  of  the  day  is  popularly  and  practically 
told,  thus  interesting  the  entire  family.  In  a  word,  the  "Scientific  American" 
is  a  distinctively  American  Weekly  for  the  enlightened  American  at  home 
or  abroad.   Subscription  price,  $3  per  year  to  any  address  in  the  United  States. 


Valuable  Books 


to  New  Subscribers 


SCIENTIFIC  AMERICAN  REFERENCE  BOOK,  by  Albert  A. 
Hopkins  and  A.  Russell  Bond.  l2mo,  516  pages.  "Is  a  veritable  gokJ 
mine  of  knowledge  on  almost  every  conceivable  subject  under  the  sun." 
— Pittsburgh  Post. 

SCIENTIFIC  AMERICAN  BOY,    by  A. 

Russell  Bond.  l2mo,  320  pages.  "The  book  is  a 
volume  of  practical  directions  by  means  of  which 
the  outdoor  boy  can  fit  himself  out  for  all  kinds 
of  sport." — \'eiv  York  Times. 

HOME  MECHANICS  FOR  AMATEURS, 

by  George  M.  Hopkins.  I2mo,  370  pages.  "The 
book  may  be  commended  for  its  practicability  and 
suggestiveness."— AViy  York  Tribune. 

The  books  are  beautifully  and  substantially  bound 
in  cloth,  and  cannot  be  purchased  at  bookstores  for 
less  than  $1.50  each. 


OUR  OFFER 

IF  YOU  will  j«nd  us 
J 3. 00  in  piymenl  for 
a  neiu  subscription  for 
one  ye»r  comm«ncing 
January  I,  1908,  we  will 
send  you  any  one  of  the 
boola  absolutely  free,  and 
also  send  you  the  remain- 
ing issues  of  the  "Scien* 
tifk;  American "  for  the 
year  1907  from  the  time 
your  order  is  received 
without  additional  cost, 


AddreM  MUNN  &  COMPANY,  No.  353  Broadway,  New  York 


Patronize  ENGINEERING  DIGEST  AdvorlUera  When  You  Can. 
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Pwwtnt  Vieiw  of  Oen«Bls  of  LMdvlIIe  SU^tng. 

lAmmtoae  Ow».  S.  P.  Emmons.  Bag  A  .  The  Method  of  Breast  StopIiiK  at  Crip- 
Min  Jl— Jan.  11.  OS.  2G00  w  20c  Prom  pie  Creek.  G,  E.  Wolcott.  Eng  &  Mln  JI— • 
Builetin  320,  U.  S.  Qeol.  Survey.  Jan.  11,  08,     4  flgs.    1600  w.  20c 

MUNICIPAL  ENGINEERING 


iiEi<'USi:  niosTuucTiox. 

A  Study  of  Refuse  Disposal.  J.  T.  Fether- 
Btou.  Eng  Reo — Dec.  2&.  o7.  2900  W.  20c. 
From  a  paper  read  before  the  Am.  Soc.  C.  E. 
Dee.  18.  07. 

Roport  on  aarbago  and  ReCaso  Diflpoeal, 
Milwaukee,  Wis.  Engg  Newe — Jan.  17,  08. 
4800  W.  20c.  Resume  of  report  of  Mr.  Ra- 
dolph  Hering  on  tbe  best  means  of  bandling 
garbage  an<l  refaae  In  Uiat  dty,  ciTlns  data 
and  eatimatea. 

ROADS. 

Afphalt  llopair  Plant. 

The  Municipal  Asphalt  Pavement  Repair- 
Plant  at  New  Orleana.   Bng  Newe — Jan.  2, 

OH.     2  100  w.  2uc. 

Autoniobllcs  and  Heads. 

Automobiles  and  Roads.  M.  Salle.  An- 
nales  Points  et  Chausa— Nov.  07.  2  flgs. 
10,000  w.  11.80.  DiaeoMee  the  destructive 
efltecta  of  aatomobUea  numlng  at  blgU 
■peeda. 

PaTcmcnt  Onarantees. 

Pavement  Quarantees.  Their  Use  and 
Abuae.  J.  W.  Howard.  Mun  Engg — Jan.  08. 
1000  w.  A  paper  read  before  tbe  Board  of 
Trade,  Newark,  N.  Jr. 

Wood!  tor  Paving. 

Teat  of  Woods  for  Street  Paving.  M«n 
Engg — Jan.  08.  8  flge.  1800  w.  40«.  Prom 
tbe  last  annual  repwt  of  tlie  dtj  engineer 

of  Minneapolis.  Minn. 

SANITATION. 

Osone,  Use  of. 

Tke  Nosiooe  Effect  of  Bad  Air  In  Living 
Rooms  and  the  AdTantagea  Derived  from 
tbe  Use  of  Oio&e.  A.  Labbert  Geaund* 
lag — ^Dee.  7,  07.   8000  w.  OOo. 

Salphur  IXoxido  in  (Mty  Air. 

The  Contamination  of  thf»  Air  of  Our 
Cities  with  Sulphur  Dloxid.  ri.eodore  W. 
Sctaatfer.  iltg  &  Vent  .Mag — Dec  07.  8100 
w.  20c 

Lawrence  Exi»eriment  Stntioit'H  Wurk. 

Lawrence  E.\perlment  Station.  Mun  Jl  & 
Engr— Jan.  Id,  08.  3  tigs.  2200  w.  20c 
Gives  a  brief  review  of  the  work  done  by 
Massachusetts  State  Board  of  Health  during 
twenty  years  past,  together  with  a  statement 
of  the  investigationa  now  under  way. 

Plumbing. 

Plumbing:.  Healthy  and  Diseased. — II. 
Henry  R.  Davis.  Met  Wlcr— Dec.  21,  07. 
2700  w.  20r.  Paper  read  b<  f>n-('  rh*-  Mntnon- 
patbic  Medical  Society  of  VVashl;igton.  D.  C, 
Nov.  8. 


The  Sanitary  Sewerage  of  Bnlldlngi. 
Tbomaa  8.  AInge.    Dom  Bogg— Dee.  81,  07. 

1400  w.  20c.  vilL— Final  Teat  and  In- 
spection of  Worlt. 


WATER  SDPFIiT. 

Artesian  Well  Pumping. 

Ariesiau  Weil  Pumping  by  Compreaaed 
Air.    H.  Tipper.   Bug.  News — Jan.  17,  08. 

1700  w.  20c 

lU-Kt  Pipe  Diameters  for  Supply  System. 

Calculation  of  the  Best  Pipe  Diameters 
for  Pressure  and  Gravity  Water  Supply  Sya- 
tern.  1.  Pelinke.  Zelt  u  Oest  Ing  a  Aroh— 
D      2  \  07.    2  flgs.    6000  W.  OOo. 

Euroix-wn  Water  f^appUcs. 

Municipal  Work  in  Franlcfort-on-Main. 
Surv— Dec.  27,  07.  4500  w.  40o.  Dla- 
cusses  the  water  supply  and  the  aevrage  set- 
tling tanlis. 

Notes  on  the  Water  Supplies  of  I'afib  and 
Suburbs.  Easton  Devonshire.  Surv — Dec.  27, 
07.  5  flgs.  4200  w.  40c.  Paper  read  at 
the  winter  meeting  of  the  Amo.  of  Water 
Engineers. 

Laying  Water  Malua. 

Laying  Gas  and  Water  Mains  in  Streets. 
M.  Melbop.  Jl  fiir  GaKbeleuchtung — Dee. 
14,  07.  1  fiK.  2O0O  w.  ;luc.  Describes 
convenient  methods  of  laying  mains  In  paved 
Streets. 

Stream  Flow  Mcft-snrenient. 

Field  Methods  of  Measuring  Stream  Flow. 
Water — ^Dec.  18,  07.   8  flgs.   2400  w.  40c; 

Water  Charges  and  Waste. 

Water  Charges  and  Water  Waste  at  Som- 
ervilb-.  Mass.   Mun  Engg— Jan.  OS.    2  llgS. 

1000  w.  20c 


StOSCBXLAKBOUS. 

Cvndnlft  System. 

Municipal  Conduit  Sys^tem  of  the  City  of 
Baltimore,  Md.  Elec  Wld — Jan.  4,  08.  15 
flgie>  3100  w.  20e. 

Constrnrtlon  and  Repairs  In  Chlriijio. 

ill.'  OonHtrneliou  and  iicpiiir  Division  of 
the  t'ify  111  Chicago.  WDliinn  D.  Barber. 
Eng  .News — Dec.  o,  07.    4100  w.  20c 

PuUlc  Ba^ 

Public  Turkish  Baths.  W.  Oulnow.  G«- 
Bund  Ing — Dec.  21,  07.  .1  flgn.  3600  w.  50c. 
<;i\<'^  various  designs  for  public  Turkish 
bath  bouses  and  discusses  the  advantages  of 
each. 
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GnapianMachinery 

^Manufacturing  Nlws-^ 

9  Circulates  in  every  province  of  the  Dominion. 

^Read  by  Proprietors,  Managers,  Superintendents,  Foremen 
and  Engineers  of  Manufacturing  and  other  Industrial  Estab- 
lishmentSy 

— men  who  must  be  consulted  when  machinery,  powereqaipoient 
and  supplies,  and  foundry  equipment  are  to  be  bought. 

QIs  the  most  influential  and  widely  read  industrial  paper  of 

Canada. 

QTo  have  your  campaign  cover  this  important  market*  include 
CANADIAN  MACHINERY 

Post  card  will  bring  sample  copy  and  rates. 

THE  MacLEAN  PUBLISHING  COMPANY,  Limited 


YOUR  OPPORTUNITY 

may  be  anionic  the  thousands  of  high  grade  positions  now  open  at  our  12  offices. 
Don't  miss  your  opportunity.  Thousands  of  men  who  have  secured  positions 
throug:h  Hapgroods  Icnow  that  it  pays  to  insure  against  ioss  of  opportunity.  Why 
don't >a»  iret  in  line  for  advancement. 

IF  YOU  KNEW 

that  a  letter  of  inquiry  wcmld  l^rinfr  you  mformation  worth  hundreds  of  dollars, 
would  you  hesitate  to  ask  for  particulars  ?  Our  booklet  tells  how  nvc  find  rifjlit  places 
for  right  men.  it  will  tell  you  how  to  secure  a  position  payint;  a  lart^er  salary  than 
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Ad.  Writer.  $1,300;  Auditor,  $3,500;  Engineer,  $2,000.  Sample  copy  of 
OPPORTUNITIES,  our  monthly  publtcatioa,  mailed  free,  if  you  write  to-day 
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OOHBTRUOnON. 

Kailw.iv  i'rogrcss  in  tlie  Diirk  Continent. 
J.  Hartlfv  Knight.  Kng  Mag— .(an.  OS.  17 
fljcs.  28U0  w.  4UC.  uives  a  current  sum- 
maiT  of  AfHean  railway  conatruetlon. 

2few  Construction  In  1007. 

SUtiBtlcs  of  Hallway  Building  In  1907.  Ry 
Acs— Dttc.  t7,  07.    7000  w.  20e. 

5IANAf;F>1KVT    AM>  OPEllATION. 

Cars  and  Loi:uniutivi-s  Ordered  in  1007. 

Statistics  of  Cars  and  Locomotives  Or- 
dered In  1907.    Ry  Age— Dec.  27.  07.  10.- 

000  w.  SOo. 

Oollliiiona,  Prevention  of. 

Can  Railroad  Collisions  Be  Reduced  to  a 
Theoretical  Minimum?  Harold  V.  Coes. 
Ene-  MaK — Jan.  08.       f^ew.    CS^in  w,  40e. 

M««.suchusi>(t>i  Ily.  Coninii.ssion  lU'i>oit. 

Report  of  .Massachusetts  Railroad  Com- 
mission. St  Ry  JI — Jao.  11,  08.  3600  w. 
20o.  Abstract  o{  report  for  Uie  year  ending 
Jnne  SO.  07,  giving  tlie  grom  amto,  IteblU- 
tI«o.  «ftpttal  Btock.  earnings,  etc 

FOWCR  AND  EQUIPMENT. 

Cars. 

Repairing  Steel  Freight  Cars.    Am  Engr 

&  R  R  Jl — Jan.  f>S.  IS  flffs.  3100  w.  40c. 
iJescrllif's  mot  hods  usod  by  the  Pittsburg  & 
Lake  Erie  Railroad,  in  the  McKees  Rocks 
Shops. 

Steel  Patssnger  Equipinciit.  Charles  B. 
Barba  and  Marvin  Singer.  Am  Engr  ft  R  A 

JI — Jan.  08.  6  flgs.  4400  w.  40c.  II, — 
Gives  graphical  and  algebraic  analyses  of 

the  stn  ssrs  in  underframes. 

The  Advantages  of  Solid  Forped  and 
Rolled  Car  Wheels.    Ry  Apo     Doc  L'O.  0  7. 

1  fig.  2300  w.  20c.  A  chapter  from  "The 
Car  Whool"  by  George  L.  Fowler,  published 
by  the  Schoeo  Steel  Wheel  Company. , 

The  Draft  Gear.  Ry  A  Bngg  Rev — Jan. 
4.  08.  3100  w.  20c.  From  a  paper  by  A, 
Stucki  before  the  December  meeting  of  the 
PittflMiri;  liailffKHl  riiib. 

Ventilating  and  Heatiiii;  of  Coaches  and 
Sleeping  Cars.  Ry  &  Kul-^  R._\ — Ih-c  28, 
07.  21.000  w.  20c.  Extracts  rrora  a  paper 
by  S.  G.  Thompson,  read  before  December 
riif^etiiig  of  Western  Railway  Club. 

Ix>cum(itives. 

Handling  Locomotive  Supplies.  E.  Fish 
Ensie.  Am  Engr  &  R  U  Jl— Jan.,  OS.  11 
flgs.  6700  w.  40c.  Describes  the  main 
features  and  oonslderations  in  connection 
with  the  praetleai  care,  upkeep,  supervision, 
and  economy  In  the  handling  of  engine 
equipments,  based  on  extended  experlenoe 
and  corerlDg  the  practice  of  a  number  of 
roads. 


Walschaert  Valve  Gear.  Am  Engr  ft  R  R  Jl 

-—Jan.  08.  10  figs.  2100  w.  40e.  Olveo 
detail  drawing  of  the  various  parts  as  used 

by   th(>  (^anadinn   PaclflC  Railway  OB  tfaiStr 

ne\\e!it  locomotives. 

.Motor  Vntrs. 

Steam  Motor  Cars  on  the  Intercolonial 
Railway,  Canada.  Bag  News — Dec  19,  07. 
4  flgs.  iSuO  w.  20c.  Deaeribes  experiments 
on  the  Oanz  geared  and  on  ordinary  direei> 
oonneeted  cars. 

Pomps  for  Railroad  Service. 

Large  Pumps  for  Railroad  Service.  C. 
Guillery.  Org  fiir  die  Fortschr  des  Elsen- 
bahn — Dor.  07.  14  flgs.  3000  w.  fl.OO. 
Describes  various  t}'pes  of  large  pumps  used 
on  German  roads. 

Shops. 

ArranK*'nu'iit  of  Railroad  Shops.  Georgo 
A.  Damon.     Ry  Age — Jan.   10,  OS.     2  flgs. 

2300  w.  20c.  Abstract  of  a  paper  presented 
before  the  Canadian  Railroad  Club  at  Moii> 
treat,  Jan.  7,  08. 

Structural  Features  of  the  Warwick  Shops 

of  the  Lehigh  &  Hudson  River  Ry.  Eng  Res 
— Jan.  11,  08.  a  flgs.    2700  w.  ZQc. 

Signaling. 

Automatic  Cab-Sigaallnc  on  LooomotlvesL 
J.  Plsg.  Elec  Engr.  Dec  12.  07.  IS  flfs. 
6600  w.  Dec  20.  6  ttg».  3100  w.  Eadi  40e. 
Paper  read  before  the  Instltotlon  of  E3eo> 

trlcsl  Engineers. 

StAtion  Design. 

The  Design  of  Wayside  Stations  for  Sin* 
gle-ltlne  Railways.  0.  Royal  Dawson.  IBng 
Reo— Dec  28,  07.   10  flgs.    4600  w.  £0«^ 

Track. 

Notes  on  Track  and  Track  Construction  in 
the  United  States.  Ch.  Juilllen.  Revuo  Gen 
des  Chcmins  de  Fer — ^Dec.  07.   34  flgs.  11,> 

000  w.  $1.20. 

Train  .Movement  Control. 

Electro-Pneumatic  Train-Movement  Con- 
trol at  the  Junction  of  Three  Railroad b  in 
Chicago.  W  Elecn — Dec.  21,  07.  3  flgu. 
1800  w.  20c 

Weed  Burner. 

A  Railway  Weed-Bumlnc  Machine  Usinv 
Gsaoline  for  Fuel.  Eng  Newo— J«i.  2,  08. 

1  flg.   1200  w.  20c 

Woods  for  Structures,  Preservsitlon  of. 

The  Preservation  of  Structural  Woods  for 
Railways.  .Martin  Schrelber.  Elec  Tr  Wkly 
— ^Dec.  19,  07.  1  fig.  3200  w.  20a  Give* 
original  information  gathered  from  many 
sources,  including  government  tests  and  ra- 
ports.  etc 
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THIS  CUT  shows  the  only  double  pump  Hydraulic  Jack  of 
this  form  on  the  market.    This  Jack  is  operated  in  the  usual 
way.  excepting  that,  when  both  pumps  are  used,  the  valve 
handle  must  be  tunied  to  the  left ;  when  one  pump  only  is 
used,  it  must  be  turned  straight  downward.    The  lowering  is  done 
by  turning  the  valve  handle  to  the  right  or  by  using  the  lever  in 
the  ordinary  manner. 

RICHARD  DUDGEON 

Inventor,  Patrntee  mid  Originnl  Manufacturer  of  the  Hydraulic  Jack, 
BKOO.MK  AND  mi.lTMRIA  .*^TKKET.'<  NEW  YOKK 
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STREET  AMD  BLEX7TltI€  RAIIiWAXB. 

Broken  Axles. 

Broken  Axles.  W.  Park.  Tramway  &  Ry 
^VllJ — Dec.  5.  07.  10  figs..  ]6(.M»  w.  40c. 
Discusses  the  cause  ot  broken  axles  on  elec- 
tric cars  ftad  niniMto  remedtoii. 

Car  Houses. 

Open  vs.  Closed  Terminals  for  Electric 
Railway  Car  Houses.  Ry  &  Kng  Rev — 
Dec,  14,  07.  Z  flgs.  2200  w.  20c.  From 
report  of  coniiulltee,  American  Street  & 
Intenirbau  Railway  Engineering  Assn.,  At- 
lantic City,  OcL  14,  07. 

TlM  New  Foarleeitth  Street  Coaorete  Btor- 
M«  Car  KottM  ot  U«  Cfti^tal  Tntetloii  Com- 
pui7t  Waihtngton.  8t  Ry  Jl — ^Dee.  21,  07. 
18  flgt.   SI  00  w.  20e. 

Oar  Inspection. 

Tb«  Car  Inspection  System  ot  the  Clevo- 
lend  Bleetrie  Bmllwmy.  Blec  Tr  Wkly — ID90. 
19.07.    4  flfi.  aOOOw.  20e. 

Crossing  Gate. 

Electrically-Operated  Crossing  Gate.  S. 
Herzog.  G^nle  Civil— Dec.  21,  07.  C  flgs. 
1200  w.  60c.  Describes  device  used  on  the 
grade  crossing  of  a  Swiss  electric  road,  the 
sate  being  operated  by  the  passage  of  ine 
train. 

Electrically  Equipped  Roads. 

1  500-VoU  Continuous  Current  Swiss  Rail- 
way. S.  Herzog.  Elek  u  Masch — Dec.  8, 
07.  12  figs.  2000  w.  400.  Olves  details 
of  a  recently  built  hlgh'iToltaBO  Toad  throogb 
the  Mlsoxer  Valley. 

Single-Phase  Equipment  of  the  Windsor. 
Kssex  and  Lake  Shore  Rapid  Ruiiv  ;  -.  S.  C. 
DeWltt.  St  Ry  Jl — Jan.  11.  08.  ti  Ugs.  3800 

w.   20c.    Describee  tbe  llrst  afnclo-pbaao 

railway  in  Canada. 

The  Easton  &  Washington  Traction  Com- 
pany. St  Ry  Jl— Dec.  28.  07.  11  figs.  2200 
w.  20e. 

The  Milw.iukee  Northern  Railway.  Ry  & 
Engg  Rev— Juu.  11,  08.  7  flgs,  2900  w. 
20c.  Dt  scribes  road  extending  north  from 
Milwaukee,  Wis.,  to  Cedar  burg  and  Port 
Washington^ 

Eiiectrlc  LocomotiTes. 

New  Electric  Locomotives  for  tbe  Illinois 
Traction  System.  Elec  Ry  Rev — Dee.  22. 
07.    4  flgs.    1000  w.  20c. 

Motors. 

The  Design  of  Car  Motors  Based  on  the 
Best  Gear  KaUo.  P.  Gesing.  Klek  Kraftbetr 
u  Bahtt — ^Nov.  28.  07.  8  flgs.  2000  v.  40e. 

The  Interpole  Railway  Motor — A  Graphic 
KxplanatioD.  Norman  O.  Meade.  Blec  Ry 
Rev— Deo.  28.  07.   0  flgs.  600  w.  80c 

Power. 

Distrlbtttlott  ot  Current  to  Trains  on  Bleo- 

trlc  Railways. — III.    Ry  Engr — ^Dec..  07. 

S  figs.   390  w.  40c. 


General  Compaitson  of  Continuous  and  Al* 
teraating^nrrent  Traction.  Philip  Dawson. 
Eleon — ^Jan.  3,  08.  4  flgs.  300  w.  40c. 
Sixth  instalment  of  serial  on  "Electric  Trao- 
tlon  on  Railways." 

Single-Phase  vs.  Continuous  Current  Mo- 
tors tor  Interurban  Railway  Serrloe.  Ueoh 
Bngr— Dee.  7,  07.  2  flga.  .4000  w.  40tt.  A 
dlscuwlon  favoring  the  nae  of  cotttlnnoan 
ouReint. 

Power  Stations. 

Long  Island  City  Power  Station  of  the 
Pennsylrania  Railroad  Company.  Engg — 
Nov.  29,  07.  17  flgs.  3600  w.  Dec.  6.  18 
flgs.    3000  w.    Dec  20.    10  flgB.    4800  W. 

Each.  40c. 

The  Market  Street  Station  of  the  New 
Orleans  Railway  &  Light  Ci mjjany.  Enf 
Reo — Dec  7.  07.    3  flgs.    4400  w.  20c. 

The  Reeonstroctlon  of  the  Power  System 

of  the  New  Orleans  Railway  &  Light  Com- 
pany. St  Ry  Jl — Dec.  7,  07.  26  flgs.  90  0  0 
w.  2  0c.  Gives  detailed  descriptions  of  the 
principal  stations  and  other  Important  fea- 
tures Of  the  uniled  syttema. 

Stiopa. 

The  Electrical  Equipment  of  the  Work- 
shops of  the  Buenos  Ay  res  W^tern  Railway 
Company  at  Llnlers.    Bl  Bngr— Dec  18.  07. 

.T  flgs.    5400  w.  40c. 

Subway,  Increasing  Cai>acity  of  New  York. 
Methods  of  Increasing  the  Cai)a<  Ity  of  the 
New  York  Subway.    Bng  Reo — Dec  7.  07. 
8800  w.  80c 

Surface  Contact  System. 

Tile  G  -B.  Surface  Contact  System.  Prof. 
J.  T.  Morris.  Elec  Engr  (Lond)  Jan.  2. 
08.  3  figs.  2300  w.  10.  A  lecture  at 
the  Univ.  of  London  on  the  details  of  work- 
ing of  the  Grifflthe-Bedell  Burtaoe  ooataet- 
tramway  system. 

Track. 

Contact  Reslstanoe  In  Oomeetlain  WtUi 
Rail  Bonding.  Jl  of  Worcester  Poly  Inst — 
Not.,  07.    7  flgs.    1400  w.  40c 

Corrugations  on  Tramrails.  Arthur 
Thomas  Arnall.  Elec  Engr — Nov.  20,  07. 
1  fig.  2700  w.  40c.  Paper  read  before 
the  students'  meeting  ot  the  Institution  ot 
Civil  Bngineers. 

Rail  Corrugation.  Andrew  Forbes.  Tram- 
way &  Ry  WId— Dec.  o,  07.  6  figs.  1500  w. 
40c.  Advances  suggestions  to  account  for 
the  existence  ot  corrugations  on  tramway 
rails. 

T-Rail  Tra<  k  iu  Citiea.  H.  L.  Weber.  r.l-c 
Ry  Rev— .Nov.  30,  07.  8  figs.  1200  w. 
20c 

The  Tlilrd-Rall  Problem.   A.  D.  WllUaua, 

Jr.    Eug  Mag — Dec.  07.    2300  w.  40c 
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ERECTION  OF  THE  MANHATTAN  BRIDGE 
ACROSS  THE  EAST  RIVER 

C0NDBK9SD  FROM  TBS  "SCIBlKTirXO  AMERICAN*'  ' 


The  Manhattan  Bridge,  which  Is  being 
erected  over  the  East  River,  will  he  not  only 
tlM  heaviest  Buapenslon  bridge  In  eslBtenoe, 
bn»  for  !tg  length,  It  will  be  the  heaviest 
briUge  of  any  kind  yet  built.  Although  its 
spMi  Will  be  140  ft  1«M  than  the  spaa  of  tbe 
big  cantilevers  of  the  Forth  Bridge,  the  enor- 
mous load  which  the  bridge  is  designed  to 
cany  will  call  tm  a  weight  of  cables  and  sas- 
pended  superstructiire,  which  will  easily  make 
tills  the  heaviest  and  strongest  bridge  in  the 
world.  The  Forth  Bridge  carries  only  two 
steam  railway  tracks;  and.  although  that 
bridge  Is  such  a.  spleDiliii  piece  oC  work  that 
the  fastest  Scotch  express  train.s  run  ucruss  It 
nt  speeds  of  60  miles  an  hour,  the  live  load  is 
small  compared  with  the  sixe  uud  xnaiis  oC  the 
oantllerer.  The  Manhattan  Bridge,  on  the 
other  hand,  will  have  to  carry  eight  railroad 
tracks.  In  addition  to  a  wide  roadway  for  vehi- 
elea  and  two  fbotpaths  for  pedestrians.  The 
snspenston  bridge  proper,  disregarding  the  ap- 
proaches, will  consist  of  a  main  span  1,470  ft. 
long,  and  two  side  spans  each  725  ft.  in  length. 
The  total  width  of  the  floor  of  the  bridge  will 
be  120  ft.,  as  compared  with  the  width  of  85 
ft.  of  the  old  Brooklyn  Bridge. 

The  total  pull  of  the  four  cables  amounts 
to  30,000  tons,  and  to  resist  this  exceptionally 
heavy  anchorages  are  provldc<i.  Each  anchor- 
age covers  an  area  237  ft.  by  181  ft.  10  Ins. 
Their  height  above  ground  te  136  tt;  and  eaob 
■  oontalns  116,000  co.  ft  of  muoaxy  and  weighs 


233,000  tons.  The  anchorages  arc  built  on  a 
foundation  of  piles,  which  are  driven  as  closely 
together  as  thejr  will  go  under  the  toe  or  for* 
ward  end  of  the  anchorage,  where  the  pressure 
is  greatest,  the  spacing  of  the  piles  widening 
ont  toward  the  rear,  where  the  pressure  la 
least.  The  anchorages  arc  built  of  cyclopean 
rubble  and  concrete,  with  a  facing  of  granite. 
The  antihOT  bars  are  Imbedded  In  the  body  of 
the  masonry  and  anchored  to  a  massive  set  of 
anchor  girders.  There  are  nine  anchor  girders 
to  each  cable.  Eight  carry  four  strands  of  the 
rablo,  and  the  ninth  five  strands,  there  being 
altogether  thirty-seven  strands  in  each  cable. 
The  eyebars  are  110  ft.  long;  and  the  magni- 
tude of  this  work  will  be  understood,  when  it 
is  slated  that  iliere  are  altogether  six  miles  of 
eyebars  In  each  anchorage. 

The  foundations  for  the  main  towers  extend 
0  2  ft.  below  mean  high-water  level.  Each 
foundation  covers  an  area  7S  ft.  wide  measured 
in  the  direction  of  the  length  of  the  bridge, 
and  144  ft.  measured  transversely  to  the 
bridge.  The  caissons  are  6C  ft  In  height,  and 
above  them  the  solid  masonry  of  the  piers  is 
carried  up  for  a  further  height  of  67  ft.,  mak- 
ing a  total  height  from  foundation  lo  cap- 
stone of  the  piers  of  123  ft.  The  granite  sur- 
face of  the  top  of  the  piers  ts  very  carefully 
leveled  off.  and  upon  It  is  laiil  a  wrought-stcel 
pedestal,  measuring  18  x  48  ft,  the  toondatioa 
plate  of  whtdi  Is  2  tan.  In  thl^^ess.  The 
pedestal  has  a  total  depth  of  6%  ft    It  to 
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heavily  ribbed,  and  conslluitcs  om-  of  thf  most 
maaitive  and  difficult  pieces  of  built-up  riveted 
•t«el  work  of  Ite  kind  ever  constructed.  On 
this  r><'f1*''^f.T'  rosts  llif  stfcl  tower,  which  con- 
sists essentially  of  four  huge  box-section  legs 
beavlty  braeed  together,  each  leg  havlns  a  nnl- 
form  width  traiisvorsf Jy  to  the  axis  of  tho 
bridge  of  5  ft.,  with  a  length  parallel  to  the 
axis  of  the  hrldse  varyloK  from  82  ft.  at  the 

base  to  1  ft.  .at  the  top  of  th<'  towers.  Tho  Iors 
are  also  stiffened  against  lateral  deformation  by 
two  InterMcUnc  plate^teel  tflapbraffma  of  a 
general  l-sectlon,  ■which  are  ft.  In  depth  and 
spaced  2  \k  ft.  each  side  of  the  vertical  axis  of 
the  tower  legs.  The  erection  la  helag  done  hgr 
mpans  of  a  pair  of  massive  derricks,  which  are 
carried  upon  the  tower  itself,  and  hoisted  to 
a  new  position  as  coon  as  the  ateel  work  has 
been  built  to  the  full  limit  of  their  holntlng 
capacity.  The  steel  work  of  the  towers  is  riv- 
eted up  in  complete  eeetlona  at  the  steel  works, 
anrl  is  ilollvrrcd  at  the  foot  of  the  towers  on 
barges  from  which  it  Is  hoisted  to  the  top  of 
the  piers,  to  be  flnallr  lifted  In  position  hy  the 
erecting;  derricks. 

The  original  design,  by  former  Commissioner 
Ltndenthal.  was  for  an  ejrehar  enepenslott 

hridjif*.  the  towers  of  which  were  to  be  carried 
on  huge  24-in.  pins  providing  for  movement  of 
the  towers  In  the  longitudinal  plane  of  Ihe 

briflpe  at)  oxrellent  arrnnpemont,  conducing 
to  great  accuracy  in  the  determination  of 
stresses,  both  In  the  towers  and  masonry.  When 
the  present  plans  were  fstihstitnted.  It  was  de- 
cided to  dispense  with  the  pins  and  use  the  flat 
footings  as  described  above.  At  the  same  time, 
since  the  cables  were  to  be  rlsldly  .'tttnclie  1  to 
the  tops  of  the  towers,  it  was  necessary  to 
make  the  towers  very  much  heavier,  to  enable 
them  to  withstand  the  bending  Btropscs  which 
would  result  from  the  variations  of  the  load- 
ing of  the  bridge.  These  bending  strssesg. 
utifh'T  wfirkinp  In.nd.  will  r.nipr  n  movement 
toward  the  center  of  the  main  span  of  from  6 
to  9  ins.,  and  under  maximum  congested  load 
of  2  ft  1  fn  This  means  that  In  addition  to 
the  vertical  compressive  load,  due  to  the  weight 
of  the  structure,  there  will  be  additional  loads 
duo  to  tho  bonding  over  of  the  towers  toward 
the  center  of  the  span.  Hence  these  towers 
are  necessarily  very  heavy,  the  total  weight  Of 
^steel  in  each  one  being  6, .'•00  tons,  or  from 
1,.'»U0  to  l.TOO  ton.s  more  than  would  have  been 
necessary  had  the  towers  been  free  to  move  on 
pins  nt  their  base.  The  total  load  on  each 
tower  is  .>2.000  tons  under  the  maximum  pos- 
sible congestion  of  trafflc  on  the  bridge.  'The 


area  <if  (he  niefal  lii  the  towerB  nt  the  top  Is 
4.400  sq.  Ins.,  and  at  the  base  14.800  sq.  Ins. 
The  maximum  possible  unit  pressure  on  the 
steel  of  the  towers  at  tho  base,  under  conges- 
tive load,  Is  27,500  lbs.  per  sq.  in.,  this  includ- 
ing both  the  vertical  loads  and  the  stresses  due 
to  the  bendhiK  of  the  tower.-^.  The  maximum 
unit  stress  under  the  reasonable  ordinary  work- 
ing load  will  be  20,000  Ibe.-  per  sq.  in.  It 
should  ho  explained  here  that  the  maxtimim 
congested  load  with  tour  tracks  crowded  from 
end  to  end.  the  roadway  a  ooBttnuons  Jam  of 
vohlclcB,  and  the  footpath  crowded  with  people, 
is  8  tons  per  linear  foot  of  the  bridge,  and  the 
maxtmum  assumed  working  or  ordinary  load  la 
4  tons  per  linear  foot. 

The  main  cables  are  21)4  Ins.  In  diameter 
meesnrsd  on  the  wires  withoat  the  wrapping  or 
sheathing.  Each  of  the  four  cables  contains 
9,472  wires.  3/^^  ^  ^  diameter,  all  of  which 
are  galvanised.  The  total  length  of  single  wire 
in  all  the  four  cable."?  will  bo  23,100  miles,  or 
nearly  sufficient  to  girdle  the  entire  earth.  The 
wire  vrlU  have  an  ultimate  strength  of  SIB.OOO 
Ihs.  per  sq.  In  .  and  the  main  cables  will  be 
subjected  to  a  worltlng  load  of  60,000  lbs.,  and 
a  oongestlve  load  of  T3.000  lbs.  per  sq.  In. 

The  suspended  roadway  will  consist  of  four 
trusses,  carried  in  the  planes  of  the  legs  of  the 
towers,  each  truss  being  24  ft.  deep  center  to 
center  of  chords.  Each  pair  of  trusses  will 
measure  28  ft,  from  center  to  center,  with  a 
spacing  of  40  ft.  between  the  Inside  trusses. 
The  four  railroad  tracks  will  be  carried,  two 
of  them  on  the  lower,  and  two  of  them  on  the 
upper,  deck  of  the  trusses.  The  two  footways, 
ench  1ft  ft.  wide,  will  be  carried  on  the  out- 
»n\ii  of  the  outer  trusses,  ou  cantilever  exten- 
sions of  the  floor  heatn>^.  The  central  roadway 
for  vehicles.  35  ft.  wide,  will  occupy  the  center 
of  the  bridge  on  the  level  of  the  lower  deck 
of  the  tniBMg. 

A  novel  feature  will  be  the  u-se  of  nickel 
steel  In  the  upper  and  lower  truss  chords, 
whldi  wilt  be  subjected  to  a  working  stress  of 
lO.non  ]hn.  per  sq.  In.  The  nlckel-steel  rivets 
will  be  subject  to  a  working  stress  of  20.000 
lbs.  per  sq.  In.  In  spite  of  the  higher  cost  of 
the  nickel  ptcrl.  the  «;avlnR  In  welpht  will  be 
such  as  to  make  the  trusses  actually  cheaper 
than  If  they  were  built  entirely  of  ordinary 
structuml  "teel.  The  weight  of  steel  In  the 
superstrtii  tare  from  anchorage  to  anchorage, 
exclusive  of  the  cables,  is  IO.-jOO  tons  of  car!)on 
stcrl  mil  8.000  tons  of  nickel  steel.  The 
weight  of  the  cables  is  6,300  tons,  and  the 
total  weight  of  steel  In  the  whole  bridge.  In- 
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'"■    •>  Courtesy  of  Ihe  '•Sclentinc  American." 

VIEW  FROM  BROOKLYN  SIDE,  SHOWING  BROOKLYN  AND  MANHATTAN  TOWKRS.  AND  OLD 

HRdOKLYN  BRIIKIK  TO  THE  LEFT. 


eluding  anchor  rhalntt.  cables,  towers,  and  sus- 
pended span,  is  4  2,000  tons. 

In  spite  of  the  great  weight  and  carrying  ca- 
pacity of  the  bridge.  It  w^III,  in  its  completed 
form,  be  characterized  by  much  of  that  delicacy 


and  grace  of  appearance  which  has  made  the 
Brooklyn  Bridge  so  Justly  famous,  and  the  ab- 
sence of  which  renders  the  Williamsburg 
Bridge  one  of  the  ugliest  structures  of  Its  kind 
ever  erected. 


RECENT  EXPERIMENTS  ON  WIND  PRESSURE 


Results  of  an  extended  series  of  experiments 
on  wind  pressure,  by  M.  Eiffel,  the  well-known 
French  engineer,  have  recently  been  published 
In  pamphlet  form,  under  the  title  of  "Recher- 
ches  Exp^rimentales  8\ir  la  Resistance  de  I'AIr 
Ex^cutfes  ft  la  Tour  Eiffol."  For  the  purpose 
of  obtaining  precise  data  on  the  subject,  M. 
Eiffel  had  recourse  to  a  novel  method  which 
consisted  In  letting  fall  vertically  the  plates  or 
wind  boards  offering  the  surfaces  to  be  tested. 


from  a  height  of  about  400  ft.  in  the  Eiffel 
Tower.  Above  the  wind  board  and  attached 
thereto  by  springs  was  a  cylinJrical  case  con- 
taining suitable  dynoraetric  and  recording  ap- 
paratus. Through  the  axis  of  this  case  was 
a  hole,  through  which  a  cable  passed,  and 
it  was  this  which  guided  the  assemblage  in  its 
fall.  The  cable  was  a  very  loose  fit.  but  at 
about  BO  ft.  above  ground  Its  section  grad- 
ually enlarged,  as  the  earth  was  approached. 
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thus  braklnar  the  apparataB  and  bringtoR  It  to 

rest  wUhoiit  shock  or  damage.  M.  Eiffel  fonnrt 
that,  within  the  limits  of  his  experiments — for 
v«loetties  of  from  CO  to  ISO  ft  p«r  sac — that 
the  resistance  offcrpf!  by  nlr  to  r>.  T^^"^•!rl<r  sur- 
face is  practically  proportional  Lu  ike  sijuare  of 
tba  veloelty,  although  the  exponent  Increases 
slightly  and  gradually  when  velocltiee  exceed- 
ing 100  ft.  per  sec.  are  employed. 

The  resistance  or  pressure  In  pounds,  P,  is 
represented  by  the  product  KSV-,  whore  K  l3 
a  constant  depending  on  Ihc  size  and  shape 
of  the  surfaoe  testod;  8  is  the  area  of  the  sur- 
face in  square  feet,  and  V  is  the  velocity  in 
miles  per  hour.  At  ordinary  temperatures  and 
a  barometric  pressure  of  7fio  nun.,  M.  Eiffel 
found  that  the  value  of  the  coefflcient  K  ranged 
from  0.00286  to  0.00327,  the  latter  value  be- 
ing apparently  a  maxlnram  attained  only  with 
large  surfaces.  Thus,  for  a  circular  surface 
of  1  sq.  ft.,  the  value  of  K  was  0.00286,  for  a 
awrtace  ot  the  «ame  area,  0.00206,  and 


for  an  area  of  10  sq.  ft,  0.003S3.   Ho  also 

found  that  the  resistance  of  an  inclined  sur- 
face Is  practically  the  same  as  t'hat  of  a  normal 
one.  when  the  porpendleular  to  tbo  aatfaee 

makes  an  angle  less  than  with  the  direc- 
tion of  motion.  For  greater  angles  the  re- 
aiatance  proportionally  doereasea  (aero  at  90*). 

Tt  is  {ntercstinp  to  compare  the  values  of 
K  obtaiued  by  M.  Eiffel  with  those  recently 
reported  In  a  paper  read  by  Dr.  T.  B.  Stanton, 
brfnrc  the  Institution  of  Civil  Enpineers.  On 
pressure  boards  ranging  from  25  to  100  sq.  ft. 
In  area,  which  were  mounted  at  the  top  of  a 
0-ft.  tower.  Dr.  Stanton  found,  from  a  large 
number  of  experiuaents,  that  the  mean  value 
of  this  constant  was  0.0032,  which  strikingly 
corroborates  the  results  of  M.  Eiffel.  The  re- 
sults of  M.  Eiffel  were  obtained  with  wlud  ve- 
locities of  from  4(1  to  fMi  miles  per  hour;  the 
velocities  in  Dr.  Stanton's  experiments  have 
not  been  mentioned  in  any  of  the  recently 
published  reports  of  bl«  paper. 


ELECTRIC  WELDING  BY  THE  BENARDOS 

PROCESS 

By  C.  B.  AUEL 

C0NDBN8BD  FROM  "THB  BUKTRfC  JOtrRNAL" 


In  the  Benardos  process  an  arc  is  drawn 
directly  between  the  metal  to  be  welded,  wbldk 

forms  one  terminal  of  an  electric  circuit,  and 
a  carbon  electrode,  which  forms  the  other  ter- 
minal. 

It  is  the  purpose  to  describe  here  In  detail 
this  process  and  its  application  In  connection 
With  eteel  caatlnga.  plpea  and  plates,  thongh 
it  baa  m  considerably  wider  range  ot  uaaCul- 

Apparatus. — Th»  outfit  required  for  the  weld> 

Ing  of  steel  casting:?;  tncliulos  a  direct-current 
source  of  supply,  a  rheostat,  a  carbon  elec- 
trode and  flre>day  or  carbon  blocks  for  mold- 
inc?  purposes  An  enclo^^ure  should  he  pro- 
vided in  which  to  carry  on  operations,  for  the 
glare  from  the  are  Is  very  Intense  and  would 
seriously  interfere  ■with  any  other  work  in  the 
immediate  vicinity.  The  operator  should  have 
all  parte  of  his  body  well  covered  (the  oloth> 
Ing  is  quite  sufficient),  as  even  a  few  min- 
utes' exposure  to  the  rays  will  produce  an 


irritating  effect  like  sunburn  upon  the  skin, 
resulting  tn  a  reddening  and  subaeqaent  peel* 

Ing  of  it  with,  however,  no  more  serious  con- 
sequences. For  the  head  a  canvas  hood  is 
generally  used,  being  fitted  with  a  small  win- 
dow of  colored  Rlass,  through  which  the  weld' 
ing  operation  Is  watched  without  risk  of  Itt" 
Jury  to  the  eyes.  The  bands  are  usually  pro- 
tected by  btick^ikin  gloves  provided  with  gaunt" 
lets  to  cover  the  wrists. 

Current  may  bo  obtained  from  a  100  to 
12r>-volt  supply  circuit.  Assuming,  however, 
that  there  will  be  sufllclent  welding  to  keep 
at  least  one  man  steadily  employed,  and  tak- 
ing into  acconnt  first  cost.  Bubsequent  main- 
tenance, conliuuity  of  operailou,  simplicity 
and  non-interference  with  other  portions  of  the 
electrical  plant,  an  Independently-d riven  dy- 
namo is  perhaps  to  be  preferred.  It  i.s  of  the 
utmost  Importance  that  the  supply  be  of  ample 
capacity,  for  more  failures  may  bo  traced  to 
an  inadequate  supply  than  to  any  other  one 
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cause  The  dynamo  should,  therefore,  be  of 
about  76  to  10<^KW.  capacity  at  100  to  126 
voltB,  shunt  or  compound-wound,  belt-drlvon 
or  direct-connected:  If  the  latter,  a  flexible 
ooupllnK  muat  be  uacd.  otbonrlM  annatura 
burn-outs  are  likely  to  be  of  frequent  occur- 
rence. With  the  dynamo  should  be  provided 
a  amall  swlteliboaTd  kavlDS  moanted  o&  It 
the  necessary  Instruments,  voltmeter,  amme- 
ter, circuit  breaker,  field  rheostat  and  switch. 
If  tbo  dysamo  to  drtvw  by  a  motor  Instead  of 
by  an  engine,  one  or  two  additional  Instru- 
ments win  be  required  tor  the  control  of  the 
motor. 

A  very  satisfactory  rheostat  Is  easily  con- 
structed by  using  two  watertight  barrels  placed 
atdo  by  aide.  The  poeltlve  cable  of  the  circuit 
Is  rnrrlpd  from  the  dynamo  to  the  Bwltch- 
board  and  from  the  switcbboard  to  the  water 
rheostat.  At  tbo  rbeostat  this  cable  divides 
Into  two  smaller  onpp,  these  being  fastened 
to  separate  triangular  istecl  plates  not  less 
tbaH  %  In.  thick,  suspended  above  the  barrels 
by  means  of  pulleys  and  counterweights,  so 
that  the  plates  may  be  readily  lowered  Into  or 
withdrawn  from  the  barrels  as  occasion  re- 
quires the  adjusting  of  the  water  resistance. 
Similar  cables  are  run  down  the  inside  of  each 
barrel  and  one  end  likewise  fastened  to  a  heavy 
plate  of  ateel,  which  lies  on  the  bottom.  The 
other  end  of  each  of  these  cables  is  attached 
to  the  casting  to  be  welded  or  the  cables  may 
be  fastened  to  a  metal  table  and  the  irairting 
simply  laid  upon  it,  always  providing  good 
contact  is  made.  The  negative  cable  of  the 
circuit  U  carried  from  tbe  dynamo  to  the 
•frttdiboard  and  from  the  swltdiboaTd  to  the 
Tldnlty  of  the  casting  to  be  welded,  where  it 
la  provided  with  a  metal  terminal  and  clamp, 
into  wblcib  the  carbon  electrode  Is  tightly  fit- 
tod.  In  order  to  manipulate  the  carbon  elec- 
trode during  welding,  the  negative  terminal 
Is  beld  In  a  wood  Inaalatlng  handle,  to  whlcb 
Is  attached  a  shield  of  asbettoa  or  Other  flro- 
proof  insulating  material. 

The  bel@ctioa  of  the  proper  carbon  requires 
tome  care,  and  while  almost  any  kind  may 
be  used,  such  will  not  give  the  best  results. 
Experience  seems  to  indicate  as  best  for  heavy 
work,  a  hard,  solid  (not  cored)  carbon  of  1 
or  1%  ins.  in  diameter,  6  to  12  ins.  In  length, 
and  one  that,  as  It  wears  away,  leaves  a  round 
stub  end  and  not  a  long  pencil  point.  For 
lighter  work,  a  carbon  of  emaller  diameter 
will  aufflee. 

In  the  general  repair  of  steel  castings,  iron 
rod  of  about  %-in.  diameter  la  ased  for  filling 


(Norway  iron  is  preferable),  although  small 
pelleta  from  scrap  botler  plates  or  steel  eaat^ 

Ings  may  also  be  used,  the  choice  between  the 
rod  and  the  pellets  depending,  to  a  certain 
extent,  vpon  whether  the  weld  to  small  or 
large. 

Method  of  Making  a  Weld. — ^As  before  men- 
tioned, the  poaltlTe  terminal  of  the  circuit  may 
be  clamped  directly  to  the  casting  to  be  welded, 
or  it  may  simply  be  laid  upon  a  metal  table 
and  the  terminal  clamped  to  the  latter.  The 
positive  terminal  Is  thus  connected  Instead  of 
the  negative  terminal  so  as  to  direct  the  flow 
of  eurrent  from  the  oastlns  to  the  carbon, 
electrode,  and  in  this  way  prevent  carbon, 
when  the  electrode  is  vaporized,  from  entering 
the  weld.  The  steel  plates  of  the  water  rheo- 
f?tat  arc  lowered  Into  the  barrels  which  have 
been  previously  filled  with  water,  the  circuit 
breaker  and  the  switch  closed,  when  the  actual 
welding  Is  ready  to  be  undertaken. 

The  operator  places  himself  directly  in  front 
of  the  casting,  holding  the  negative  terminal 
with  its  carbon  electrode  In  one  hand  by  means 
of  the  wood  insulating  handle,  and  having 
within  reach  of  the  other  hand  several  pieces 
of  iron  rod.  He  then  pulls  the  canvas  cap 
well  down  over  his  head,  touches  the  carbon 
to  the  casting,  thereby  doefDS  the  drentt  and 
thus  producing  an  arc.  As  soon  as  the  arc 
Is  sprung,  the  carbon  la  withdrawn  to  a  dls» 
tance  of  2  Ins.  or  more  (too  short  an  arc  will 
tend  to  produce  a  hard  weld ) ,  and  the  arc  al- 
lowed to  play  upon  the  casting  until  the  metal 
commences  to  boll.  It  is  advisable  not  to 
concentrate  the  arc  on  any  one  epot.  but  to 
give  It  a  drcntar  movement  so  as  to  heat  the 
casting  very  thoroughly  within  the  Immediate 
vldnlty  of  the  proposed  weld.  This  will  tend 
to  prevent  too  rapid  cooling  of  the  metal  with 

its  consequent  chilling  and  hardening  effect. 
The  end  of  one  of  the  iron  rods  is  now  placed 
directly  In  the  midst  of  the  boiling  metal, 
where  it  gradually  melts  and  mixes  with  it, 
the  arc  meanwhile  being  continued.  As  the 
rod  melts  away  It  Is  fed  Into  the  weld  and  this 

[iroceps  itJ  conthiued  with  one  or  mofe  addi- 
tional pieces  of  rod  until  the  weld  has  been 
completed.  The  snrface  of  the  weld  may  be 
hammered  as  It  cools  off  to  produce  a  closer 
grain  or  to  make  It  conform  to  some  particular 
shape. 

When  pellets  are  used  Instead  of  the  iron 
rod  they  are  placed  In  the  weld  or  cavity,  a  - 
few  at  a  time,  and  the  arc  applied,  more  pel- 
lets being  added  as  the  flr.-'.  hnirh  Is  melted. 

Should  the  part  of  the  casting  to  be  welded 
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present  «  dirty  appearance  or  contain  slag.  It 
should  first  be  cleaned  by  means  of  a  chlHel 
or  by  tilting  the  casting  so  as  to  allow  the 
dirt  or  ala^  to  drop  off  an  fast  as  It  melts  when 
the  arc  Is  applied.  After  cleaning  in  this 
manner  the  casting  is  tilted  back  and  the  weld- 
ing then  proceeded  with. 

if  posf^itile,  the  weld  should  be  made  with 
one  coQticuous  application  of  the  arc,  as  oxide 
of  Iron  (scale)  will  form  with  each  cooling 
and  If  nut  removed  will  assist  in  producing  a 
very  hard  weld,  that  is.  one  not  essily  ma- 
chined. Where,  however,  It  Is  not  possible  to 
niako  the  weld  with  one  application  of  the 
arc,  the  scale  should  be  brushed  off  by  means 
of  a  stiff  wire  bruslL.  Hanmierliis  the  weld 
after  cooling  will  also  very  materially  assist 
in  this  cleaning. 

When,  Instead  of  a  cavity  to  he  filled,  it  is 

neressary  to  bulid  up  a  lug  or  to  weld  a  piece 

to  .the  casting,  flre-clsy  or  carbon  blocks  may 
be  used  for  the  purpose  of  oonflalng  tli«  UQlten 
metal  within  certain  desired  Mmlta  OT  Ot  hav- 
ing it  assume  a  definite  shape. 

When  the  work  Is  properly  done,  welds 
mnde  by  this  method  will  give  an  average  ten- 
sile strength  equal  to  70  or  more  per  cent,  of 
the  original  stock. 

It  would  be  exceedingly  dlfflcult.  If  not  Im- 


possible, to  set  forth  in  exact  terms  the  rela- 
tions existing  between  current,  alie  of  weld, 
time  required  for  weld,  etc.,  on  account  of  the 
different  variables  which  enter  in.  but  the 
following  data,  obtained  in  welding  a  lug  1  % 
ins.  in  diameter  and  2  ins.  thick  to  a  casting, 
are  approximately  correct  and  will  enable  a 
rough  idea  to  bo  formed  of  the  magnitude  of 
the  several  Items  involved  : 

Time  for  welding,  56  sees.;  amperes,  600; 
voUs  across  rheostat,  42;  volts  across  arc,  in- 
cluding carbon,  68;  total  line  volts.  100;  slseof 
carbon,  1 H  In.  diam.  x  <  tns. 

Hesides  the  welding  of  steel  castings  the 
Benardos  process  may  be  advantageously  em- 
ployed in  the  TOUoval  of  surplus  metal.  In- 
cluding sink  heads,  in  the  boring  of  large  holes 
in  castings  or  plates.  In  the  welding  ot  flanges, 
elbows  and  couplings  to  pipes,  and  in  a  va- 
riety of  other  ways. 

The  Benardos  process  gives  thoroughly  sat- 
IstiMtory  results  commercially;  nod  Is  one 
which  can  easily  be  learned  by  any  workman 
of  average  ability,  after  a  few  weeks'  practice. 
The  welds  first  made  will  generally  be  harder 
to  machine  than  the  other  portions  of  the 
casting,  but  increasing  familiarity  with  the 
process  will  reduce  the  nnmber  ot  such  hard^ 
wetds  to  a  mtntmum. 


STRESSES 

At  a  recent  meeting  of  the  Institution  of 
Civil  Engiueeni,  two  interesting  papers  on  this 
subject  were  presented,  namely,  "Experimental 

Inve-stigations  on  the  Stresses  In  Masonry 
Dams  Subjected  to  Water  Pressure,"  by  Sir 
John  W.  Ottley  and  A.  W.  Brlghtmore,  D.8c.. 
and  "St res:i-e--:  fn  Dnnip:  An  RKperimental  in- 
vesitigation  by  .Means  ot  luUia-Hubber  Models,  ' 
by  Messrs.  J.  S.  Wilson  and  W.  Gore. 

The  etp'^'''^i*^nts  described  in  the  first  paper 
occupied  about  fourteeu  months  and  were 
restricted  to  models  ot  a  dam  of  typical  trian- 
gular section  under  perfect  conditions.  The 
models  were  made  of  "plabticlue,"  a  liinrt  of 
modeling  clay,  which  appeared  likely  to  re- 
produce on  a  small  scale  many  of  the  con- 
ditions existing  In  a  "full-size"  structure. 

The  dam  was  first  modeled  of  triangular 
section  with  the  vertical  face  exposed  to  the 
pressure  of  the  water,  the  base  being  made 
c  i  Kil  In  the  height  divided  by  the  square  root 
of  the  specific  gravity  ot  the  "plasticine. "  so 


IN  DAMS 

that  the  renuUant  of  the  pressure  on  the  hase 
— due  to  the  weight  of  the  model  dam  itself 
and  the  pressure  of  the  water — would  act  at 
one-third  of  the  width  of  the  base  from  the 
outer  toe.  Water  pressure  was  applied  to  the 
face  of  the  model  by  water  contained  in  a  thin 
rectangular  india-rubber  bag  made  to  fit  the 
frame. 

The  following  mnrluslons  were  drawn:  (1) 
If  a  masonry  dam  be  designed  on  the  assump- 
tion that  the  stresses  on  the  base  are  "uni- 
formly varying,"  and  that  these  stresses  are 
parallel  to  the  resulting  force  acting  on  the 
base,  the  actual  normal  and  shearing  stresses, 
on  both  horizontal  and  vertical  planes,  would 
— in  the  absence  of  stresses  due  to  such  fao- 
tors  as  changes  In  temperature.  nne<}ual  set- 
tlement, etc. — be  less  than  those  provided  for; 
( 2 )  there  can  be  no  tension  on  any  plane  at 
points  near  the  outer  toe;  (8)  there  will  be 
tension  on  planes  other  than  the  horizontal 
r^ane  near  the  inner  toe;  the  maximum  inten- 
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«ity  of  such  tensloo  being  generally  equal  to 
the  average  Intensity  of  shearlns  atren  on  tlie 

b!t5!p,  and  the  inclination  o(  Ita  plane  of  aet^Q 
being  about  45°. 
In  the  eeoond  paper  the  authora  desertbed 

experlmonts  matlr  with  models  of  India  rublxT, 
the  UBe  of  this  material  having  been  suggested 
to  them  by  the  deaeripUoa  given  by  the  late 
Sir  Benjamin  Baker  of  investigations  made  by 
him  with  Jelly  models.  Three  sets  of  experi- 
nents  were  carried  out  and  the  Mraln*  of  the 
models  wr>rt'  rrrovfled  hy  the  aid  of  photography. 

The  following  are  some  of  the  conclusions 
given  in  the  paper:  (1)  Tanalte  atreases  may 
exist  at  the  up-strenm  toe  of  a  dam.  notwith- 
staodlDg  the  fact  that  the  line  of  resistance  lies 
well  within  the  middle  third.  The  tension  may 
be  reduced  by  (a)  making  the  iip-stream  face 
vertical,,  or  by  otherwise  increasing  the  weight 
of  the  dam  toward  that  face:  this  would  have 
the  effect  of  increasing  the  stresses  in  the  dam 
when  the  reaervoir  la  empty;  (b)  by  a  general 
Increase  In  the  dimensions  of  the  dam;  (c)  by 
placing  an  earth  embankment  against  the 
down-stream  face.  (2)  The  direct  stresses  at 
the  down-stream  toe  are  compressive  in  every 
direction,  but  reduce  to  zero  In  the  direction 


normal  to  the  face,  (i)  The  maximum  com- 
pressive atresaes  In  a  dam  above  Ita  tottnda« 

tions  are  in  a  dfrection  approximately  parallel 
with  the  down-etream  face  and  generally  some 
dtataaoe  therefrom.  In  mi^ltude  they  are 
slightly  greater  than  P/pos*  o,  where  P  Is  the 
maximum  normal  pressure  on  a  horizontal 
plane  ae  determined  hy  the  trapeslvm  law,  and 
o  Is  the  angle  between  the  resultant  and  the 
vertical.  •  (4)  The  shearing  stresses  are  con- 
Blderable  at  or  near  the  np-atream  toe.  They 
are  a  maximum  a  short  distance  from  the 
down-stream  face,  in  a  plane  approximately  at 
4S*  to  the  face.  The  maximum  shearing  stresses 
are  In  magnitude  equal  to  P/2  cosi  O.  (3)  The 
stresses  in  thu  foundations  are  of  less  conse- 
^nence  than  in  the  dam  above  the  baae,  be- 
cause of  the  lateral  support  and  the  more  ex- 
tended distribution.  (6)  The  stresses  are  con- 
siderable at  the  toes  of  a  dam  if  the:  r  mi 
sharp  angles  with  the  foundations.  These 
stresses  may  be  reduced  by  replacing  the 
angles  with  curves  of  large  radii.  The  curve 
at  the  up-stream  toe  may  take  the  form  of  a 
rounded  quoin,  cut  in  large  stones,  so  aa  to 
avoid  joints,  in  the  masonry,  normal  to  the 
direction  of  the  greatest  tensile  streaa. 


THE  MANUFACTURE  OF  COMMERCIAL 

PORTLAND  CEMENT 

Bf  RICHARD  K.  MEADE 

CO.NUE.NSED  KKO.M  -'.MLMNO  SCIK.NCE  ' 


The  rotary  kiln  is  thv  form  now  universally 
used  In  this  country  for  burning  cement,  as  it 
allowa  the  material  to  be  fed  directly  into  It, 
either  in  the  form  of  a  powder  or  a  aluny,- 
thus  saving  much  labor. 

In  Ita  usual  form  it  consists  of  a  cylinder, 
from  6  ft.  to  8  ft.  in  diameter  and  from  *>0  ft. 
to  150  ft.  long,  made  of  sheet  steel  and  lined 
with  fire  brirk  The  steel  sheets  are  from 
^  In.  to  9-16  in.  thick,  and  are  held  together 
by  aingle-fltrap  butt  joints.  This  long  cylinder 
is  supported  at  a  very  slight  pitch  ( %  In.  to 
the  foot)  from  the  horizontal,  on  two  or  more 
tires  made  of  rolled  steel,  which  in  turn  re- 
volve on  heavy  friction  rollers.  The  kiln  is 
driven  at  a  speed  of  from  1  tarn  a  minute  to 


a  turn  In  2  minutes  by  a  girth-gear,  situated 
usually  near  its  middle,  ami  a  train  of  gears. 
The  power  Is  supplied  by  either  a  line  shaft  or 
a  motor.  The  uinier  end  of  the  kiln  projects 
into  a  brick  Hue.  wliich  is  surmounted  by  a 
steel  stack,  also  lined  with  flre-brick  for  Ita 
entire  height.  The  flue  is  provided  with  a 
door  at  the  bottom,  which  serves  not  only  to 
allow  the  flue  to  be  cleared  of  the  dust  which 
accumulates  in  it,  but  also  aa  a  damper  to 
control  the  draft  of  the  kiln. 

The  material  to  be  burned  is  usually  fed 
Into  the  kiln  through  a  horizontal  water-Jack- 
eted screw  conveyor,  or  else  spouted  into  It 
through  an  inclined  cast-iron  pipe.  When 
slurry  is  to  be  bomed  this  Is  pumped  Into 
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th0  kiln.    The  dry  raw  tnaterlal  to  k«pt  In 

largo  gti  I  1  Mil.  Tihove  the  feeding  device,  while 
slurry  is  stored  in  vats,  in  order,  in  eitber 
cam,  to  IWTe  on  band  a  oonstant  and  refular 
supply.  The  raw  material  feeding  device  is 
usually  attacbed  to  tbe  driving  K«ar  o{  tbe 
Uln,  80  fbat  wbett  tb«  kiln  atopo  tlio  feed  also 
•topa. 

Tbe  lower  end  ot  tbe  kiln  is  closed  by  a 
flre-bridc  bood.   Tbla  la  uanallr  mpnnted  on 

rollers,  so  It  can  be  moved  away  from  the 
kiln  when  the  latter  has  to  be  rellned.  The 
hood  to  provldod  with  two  opontntsa,  one  for 
the  entrance  antl  support  of  rbe  fuel-burning 
apparatus,  and  the  other  for  observing  the  op- 
.eratlon,  teuporatitTO,  «te..  of  tbo  kiln,  and 
through  which  bars  may  be  inserted  to  break 
up  the  rings  of  material  which  form,  and  to 
patfdk  and  repair  the  lining.  Tlio  tower  part 
of  the  hood  is  left  partly  open.  Through  this 
opening  tbe  clinker  falls  out  and  most  of  tbe 
air  for  eombnvtlon  ontera. 

The  kiln  Is  heated  by  a  Jpt  of  burning  fuel, 
usually  powdered  coal,  but  sometimes  (as  in 
Kansaa)  natural  gas  and  (as  In  California) 
fuel  oil  are  used.  The  coal  is  blown  in  by  -a 
blast  of  air  supplied  by  either  a  fan  or  air 
oompreisor.  IC  the  fan  Is  used,  about  20^;;  of 
the  air  necessary  for  combustion  is  supplied 
this  way.  If  tbe  compressor  is  employed,  only 
6%  to  10%  of  the  air  to  deUvered  by  the  com- 
pressor. 

The  necessary  Ifimperaturo  of  the  hottest 
part  ot  tbe  kiln  Is  about  3,000'  F.,  and  is 
rarely  ever  less  than  2,700"  F.  To  maintain 
tbla  teui(>eralurt!  properly  about  SO  lbs.  to  160 
Iba.  ot  fuel  are  required  per  barrel  of  cement, 
the  actual  amount  depending  on  the  coal  itself, 
the  material  to  be  burned  and  the  dimensions 
ot  tbe  kiln.  The  larger  tbe  kiln  tbe  greater 
economy  it  will  show.  Dry  materials  require 
much  less  coal  than  slurry.  With  limestone  and 
shale  mi-Tture,  and  a  kiln  100  ft.  long  by  7 
fU  in  diameter,  tbe  coal  consumption  will 
amount  to  about  90  lbs.  of  good  gas-slack  per 
ii  ii  I.  1.  A  kiln  60  ft.  long  by  6  ft.  in  dianii  ter 
will,  on  tbe  other  hand,  require  about  110  lbs. 
of  this  material  per  barrel. 

Of  the  heat  supplied  to  the  kiln  by  the  burn- 
ing of  the  coal,  by  far  the  larger  proportion 
Is  wasted.  About  50%  to  75%  ot  It  to  carried 
off  by  the  waste  gases  of  the  stack,  and  from 
IOVp  to  IWo  by  tbe  hot  clinker  falling  from 
the  lower  end  of  tbe  kiln.  The  gasee  enter  tbe 
stack  at  from  1,500'  to  2.000°  F.,  ;ind  the 
clinker  leaves  tbe  kiln  at  not  much  under 
2,000*  F.  It  tbo  kiln  could  be  made  to  show 


the  eame  economy  aa  to  ooumoit  la  good  Ula 

practice,  a  barrel  of  cement  OOttId  bO  bvmod 
with  25  lbs.  of  coal. 
The  raw  material  as  It  enters  the  Mln  oon> 

tains  about  ZZ^'  carbon  dioxide.  For  the  first 
30  ft.  ot  its  Journey  through  a  100-ft.  kiln. 
It  to  merely  heated  up  and  whatever  water  It 
contains  is  driven  off.  In  the  next  4  0  ft.  It 
loeee  all  Its  carbon  dioxide  and  sticks  to- 
gether, forming  small,  ooft,  lemon-yellow  balla* 
which,  as  they  reach  the  hottest  part  of  tbO 
kiln,  tbe  last  30  feet,  partially  vitrify,  become 
rough  and  hard,  and  torn  to  a  greentoh-black 
color.  Properly  burned  Portland  cement 
clinker  Is  greenish-black  in  color,  of  vitreous 
luster,  and  usually,  when  Just  ooolod,  aparUea 
with  little  bright,  gllutenlng  specks.  It  forms 
in  lumps  from  the  size  of  a  walnut  to  hardly 
more  than  dust,  with  here  and  there  a  larger 
lump.  Under-hnrned  clinker  Is  more  or  less 
soft,  is  irregular  in  shape  and  not  so  black  as 
the  well-bumed  material.  Undor-bunied  dinkor 
usually  shows  soft  brown  centers,  but  bard 
brown  centers  are  due  to  very  hard  burning. 

When  coal  is  used  for  burning,  tbto  is  pul- 
vorlzed  In  mills  similar  to  those  used  for  grind- 
ing the  raw  materials.  It  is,  however,  first 
crushed  by  passing  it  through  rolls  or  pot> 
crushers,  and  then  dried  in  rotary  dryers  of 
special  type.  The  mills  most  used  for  coal 
pulverizing  are  tbe  Fuller  mill  and  the  tube 
mill.  The  latter  need  not  be  preceded  by  a 
ball  mill.  The  coal  should  be  pulverized  so 
that  90%  of  it  will  pass  a  sieve  having  100 
meshes  to  the  linear  in.,  and  should  contain 
from  Z(i%  to  45%  volatile  matter. 

As  the  clinker  leaves  the  kiln  at  about 
2,000°  F..  it  is  entirely  too  hot  to  grind,  and 
must  be  cooled  to  ordinary  air  temperatures. 
This  can  be  done  by  allowing  it  to  lie  in  piles; 
but,  as  it  to  a  slow  way  of  doing  it.  mechanical 
devices  are  usually  resorted  to.  llieae  may 
consist  of  cith'-r  revolving  horizontal  cylinders 
or  vertical  stationary  coolers.  Tbe  former  con- 
sist of  steel  cylinders,  provided  with  angle 
Irons  on  their  Insldes  to  carry  the  material  up 
and  drop  It  through  tbe  current  of  air  pass- 
ing through  the  cylinders.  They  are  mounted 
on  tires  and  rollers,  Just  as  are  kilns  and  dry- 
ers, and  revolve  at  a  speed  of  about  a  turn  or 
two  a  min.  They  are  usually  placed  below  the 
kiln  and  the  clinker  falls  from  the  kiln  into 
them.  Tbe  air  for  cooling  is  also  drawn 
through  them  Into  tbe  kiln  by  the  draft  of  the 
latter.  They  thus  pcrvc.  not  only  to  cool  the 
clinker,  but  also  to  prevent  the  air  entering 
the  kiln. 
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Btcel  cylinder,  8  ft.  Id  diameter  and  35  ft. 
higb,  provided  with  baffle  plates  and  shelves. 
As  the  dteker  fella  orer  fheee.  It  meets  m  ear* 
rent  of  air  blown  In  through  a  perforated  pipe 
running  up  tlirough  tbe  center  of  tlie  cylinder, 
•ad  Is  thus  oooled.  The  dinker  Is  carried 
from  the  kiln  Into  these  latter  ooolers  by  means 
of  bucket  elevators,  water  being  run  into  the 
budcets  to  geep  them  cool.  This  also  suddenly 
chills  th(!  clinker  and  makea  It  brittle  and 

eatiier  to  grind. 

After  cooling,  the  dlaker  is  ground  in  Fuller 
mlllB,  Griffin  mills  or  ball  and  tube  mills.  In 
the  case  o£  Fuller  aud  Grllllu  mills.  It  Is 
usually  found  more  economical  to  crush  the 
clinker  down  to  pea  size  by  a  set  of  rolls,  be- 
fore feeding  to  the  mills.  A  mill  similar  to 
the  Fuller  mill,  except  that  it  has  no  screens. 
Is  used  as  a  preliminary  grinder  to  the  former 
mill,  thereby  greatly  Increasing  Its  efficiency. 
Kent  mills  and  air  separators,  and  also  Kent 
mills,  which  grind  as  preparation  for  the 
other  mills,  are  need  to  a  limited  extent.  The 
clinker  should  be  ground  so  fine  that  at  least 
92%  Of  it  passes  a  sieve  havlns  100  meshes  to 
the  linear  Inch. 

In  order  to  regulate  the  set  of  the  cement^ 
since  clinker  ground  alone  would  set  very  rap- 
Idly,  It  Is  neoesrary  to  add  to  it  calcium  sul- 
phate in  some  form  or  other,  usually  as  of 
gypsum,  or  plaster  of  parls.  As  this  can  be 
most  easily  mixed  with  the  cement  during 
gr!:iii:[j;^,  it  Is  the  usual  pracllco  to  add  the  re- 
tarder  to  the  clinker  t)ef  ore  the  latter  Is  ground, 
and  to  grind  the  two  together.  The  amount 
of  gypsum  or  plaster  of  paris  used  Is  usually 
about  2%  or  3%  of  the  weight  of  the  clinker. 

After  passing  through  the  dinker  mills,  the 
cement  is  conveyed  to  the  stock  house.  This 
usually  consists  of  a  long,  low  building  of 
wood,  stone  or  oouerete,  cut  up  into  bins.  Hie 
cement  Is  brought  In  by  an  overhead  screw- 
conveyor  and  dropped  into  any  desired  bin  by 
means  of  a  slide  In  the  bottom  of  the  con- 
veyor trough.  A  screw-conveyor  also  runs 
under  the  floor  of  the  stock  house,  at  the  ends 
of  the  bins.  The  latter  are  proTlded  with  re- 
movable board  ends,  and,  when  It  Is  desired 
to  pack  from  any  bin,  these  ends  are  removed 
and  the  cemott  allowed  to  run  Into  the  screw* 
oonveyor.   When  the  oement  ceases  to  run,  It 
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Is  neoessarr  to  either  pnll  It  Into  the  vrntmrot 

■with  a  broad-blade  hoe,  or  else  to  wheel  It 
there  in  barrows.  The  screw  conveyors  then 
earrjr-it  to  the  paddag  maddaee,  whieb  are 
similar  to  those  used  in  flour  mills. 

Cement  is  packed  into  barrels  holdings  380 
lbs.,  or  Into  paper  or  «dotb  bags  holding  9fi 
Ihs.  each.  The  cement  Is  packed  as  shipped 
and  tho  bags  or  barrels  are  trucked  directly 
to  the  cars.  For  this  reason  the  packing-room 
Door  la  on  a  If'vfl  with  the  floor  of  the  cars  to 
be  loaded,  and  these  latter  are  bruugliL  along- 
side Of  the  room,  a  shed  roof  should  run  out 
over  the  cars,  so  the  loading  can  be  done  in 
stormy  weather.  Cars  usually  bold  from  100 
bUs.  to  170  bbls.  Of  oement,  with  ISO  bbla.  tor 
an  average. 

Much  more  cement  is  packed  in  cloth  bags 
than  in  anything  else.  In  the  case  of  these 
bags,  the  consumer  is  cliarged  with  the  value 
of  the  bag,  and  credited  by  a  certain  amount 
If  the  bag  Is  returned  in  good  condition.  The 
bags  are  all  marked  with  the  brand  label  of 
the  manufacturer,  and  so  each  manufacturer 
knows  his  own  bags.  Barrels  and  paper  bags 
are  sold  to  the  customer  and  are  not  returnable. 

To  give  an  Idea  of  the  power  required  to 
make  cement,  it  may  be  roughly  stated  that 
2,000  engine  HP.  will  be  sufficient  to  make 
2,000  barrels  per  day. 

Most  of  the  modern  Portland  cement  plants 
manufacture  at  least  2,000  bbls.  of  cement  per 
day,  and  many  of  them  even  much  more  tttaa 
this.  In  the  manufacture  of  a  barrel  of  cement 
over  1,100  lbs.  of  material  must  be  ground  to 
an  Impalpable  ftaieness.  and  when  Portland 
cement  Is  selling  for  $1  a  barrel  at  the  mill, 
the  need  for  doing  things  on  a  large  scale  will 
be  understood.  To  grind  this  amount  of  n** 
terial  economically,  only  the  most  efficient  ma- 
chinery will  serve,  and  where  this  is  installed. 
It  is  possible  to  do  this  amount  of  grinding  for 
less  than  2o  cents.  This  is,  of  course,  only  one 
of  the  items  entering  into  the  cost  of  manu- 
fSeturlhg  a  barrel  of  cement,  but  It  tetres  to 
Illustrate  the  point  of  economy  reached  In  the 
industry.  As  to  the  cost  of  the  plants  them- 
selTOB,  the  newer  plants  now  under  eonstmctlon 
will  prohahly  cost,  exclusive  of  land,  etc.,  about 
$1  for  each  barrel  of  annuat  capacity;  or,  in 
Other  words,  a  plant  prodndng  S.OOO  bbli*  per 
day  Aould  cost  approximately  1700.000. 
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Out  iron  is  probably  tbo  most  complex, 
Turlabto  and  tmeertaln  form  In  which  Iron  is 

used.  Not  oaly  is  the  content  of  extraneous 
meuia  and  metalloida  variable,  bat  the  coo- 
dlttooi  tn  whldi  the  ateodatad  earbon  eztots 
and  the  character  of  this  association  are  de- 
termined largely  by  the  Inflaence  of  silicon 
and  ponlbly  other  metalloids.  Again,  the 
physical  properties  of  tho  metal  are  Influenced 
by  caatlnc  temperature,  rate  of  cooUof ,  etc., 
•o  that  altogether  we  can  only  predicate  the 
prol  able  strength  and  sliffness  of  a  casting 
In  Uie  most  general  way,  and  forecast  reaulta 
which  win  ault  an  aTerage  from  which  liidl- 
Tidual  castings  may  vary  widely  In  extremes. 
Qray  iron  of  the  foundry  grades  Is  alone  con- 
■idered  here.  The  grading  of  the  ptf  metal 
ai  the  furnace  has  been  determined  In  tho 
past  by  the  appearance  of  the  fracture,  but 
recently*  aa  mndi  of  the  prodnet  fa  ran  In 
metal  molds  and  tho  appearance  of  the  frac- 
tnre  is  deceptive,  the  tendency  Is  to  grade  by 
chemical  composition,  the  softer  and  weaker 

motals  having  the  hlghewt  silicon  and  the  low- 
est percentage  of  combined  carbon.  Taking 
three  grades  of  foundry  pis  and  aaanmlnK  that 
these  arc-  u»cd  for  different  elasses  of  castings 

we  would  have: 

No.  1 — 2.5  to  '6%  silicon  for  light  castings. 
No.  t — 2  to  S.6%  allloon  lot  medium  wsli^t 

castings. 

No.  3 — 1.5  to  Z%  silicon  for  heavy  weight 
fawtlnBUi 

As  a  general  avoragi-,  all  the  grades  Will 
carry  about  2.b%  carbon  in  total. 

Physleal  Properties. — ^The  recent  BpeelllGa> 
tloub  of  tho  An-if  Tkan  S"i><  lety  for  Testing  Ma- 
terials require  a  transverse  test  on  specimens 
1^  In.  In  diameter  and  It  Ins.  between  sup- 
ports, load  tn  tho  middle: 

S.SOO  lbs.  or  over  for  light  castings. 

2.900  lbs.  or  over  for  medium  eaatlngs. 

2,800  lbs.  or  Qiver  for  heavy  castings, 
with  deflection  before  ruptur*'  not  less  than 
1-10  in.    The  tensile  strcnyth  ot  the  aforesaid 
grades  respectively  is  required  to  be  not  less 

•A  paper  rM«  Mors  «1»e  KnslSMrt*  Club  ot  Phlta- 


than  18.000.  21,000  and  24,000  lbs.  per 
square  Inch  of  section.    While  these  stend* 

ards  are  valuable  in  maintaining  a  high  qual- 
ity of  product,  yet  they  may  Imperfectly  rep- 
resent the  rsslstanoe  of  the  metals  In  actual 

service.  We  know  that  cast  iron  is  In  exten- 
sive use  that  falls  tar  short  of  these  require- 
ments. High  tensile  strength  Is  frequency 
associated  with  brittieneai  and  iB  not  alviy* 
indicative  ot  superiority.  , 

For  heavy  machinery,  etc..  cast  Iron  Is  vsed 
in  heavy  masses,  through  which  working 
stressse  are  imperfectly  distributed,  and  prob- 
ably Is  mudk  softer  and  weaker  In  the  mid- 
dle of  the  mass,  where  it  has  cooled  slowly, 
than  at  outer  surfaces,  where  the  metal  has 
more  rapidly  cooled.  Furthermore,  castings 
are  usually  under  considerable  internal  strain, 
due  to  unequal  contraction,  and  although  this 
internal  strain  gradually  disappears  It  may 
have  some  disturbing  Influence  after  the  cast- 
ing has  been  put  in  service.  It  has  been  the 
practice  of  the  writer  to  assume  an  nltlmabe 
tensile  strength  of  K^.OOO  lbs.  per  sq.  in.  for 
ordinary  iron  castings,  and  to  limit  working 
stresses  tnm  2,000  to  4,000  lbs,  par  sq.  In.. 
ac(urding  to  the  cottdlttous  and  eharaeter  of 
the  service. 

Cast  Iron  offers  a  high  resistance  to  com* 
presslve  stross.  and  although  this  resffitanco 
varies  within  wide  limitations,  it  may  be  as- 
sumed as  a  working  basis  to  be  about  six 
times  that  of  tbr-  tensile  strength,  or,  say 
96,000  lbs.  per  sq.  in.  of  section. 

Cast  iron  is  ImperfSctly  elastic  ss  com* 
pared  with  tho  supiTlor  forms  of  the  metal. 
It  presents  no  definable  elsstic  limit  and  ex- 
hibits marked  permanent  set  under  low  loads, 
either  in  tension  or  compression.  Experi- 
ments continued  for  several  years  indicate 
that  when  loads  exceeding  one>hatf  the  ulti- 
mate arc  applied.  faSluro  eventunlly  enfues. 
It  may  therefore  be  assumed  to  have  a  prac- 
tical elastic  limit  tn  tension  of  about  one-half 
the  breaking  load. 

The  coel&dent  of  elasticity  is  likewise  vari- 
able. In  contradistinction  to  the  constancy  of 
the  oi  ,  M'riiy.  und<r  ordinary  conditions,  of 
wrought  iron  and  steel. 
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R«oorded  experlme&to  Indicate  that  the 

niodiiliis  of  elasticity  varies  (-oitsiderably  in  ex- 
treme cases,  and  is  nearly  allice  in  tension 
uid  eomprefldon.  A  nodulua  of  13.000,000 
lbs.  appears  to  be  a  fair  valuation  for  dired 
t«n8ion  and  compreesion  or,  for  beading  loads, 
applied  tranBtrersely  this  modnhis  ainpean  to 
average  16,000,000  lbs.  when  used  In  com- 
putation with  the  commonly  accepted  formula 
for«fiexiir». 

Cast  Iron  In  Structural  Uses.  In  the  mid- 
dle of  the  past  century,  as  cast  Iron  becamo 
eactenslTely  applied  to  Btructurai  purposes.  Ita 
plivKlful  properties  were  studied  with  gr'^'it 
care,  and  the  experiments  of  Hodgklnson  and 
Falrbalm  In  Bnsland  and  their  conteraporar* 
ICS  yielded  a  fund  of  information  on  the  sub- 
ject. Seeking  a  section  of  beam  wbich  should 
eslUblt  the  highest  ultimate  strength  In  pro- 
portion to  arcu  of  rross-sprtlnn  or  of  tli© 
weight  of  metal  employed,  Hodgklnson  advo- 
cated a  section  In  whldi  the  tension  flange 
exr>-i'd<Hl  the  r ompressloii  flnnge  about  six  to 
one  in  sectional  area,  the  web  usually  taper- 
ing In  thickness  front  the  tension  flange,  di- 
minishing toward  the  other  flatigo.  This  form 
of  beam  was  largely  adopted  and  took  prece- 
dence as  long  OS  cast  Iron  was  used  for  beams 
in  structures.  We  find  that  the  same  method 
of  roasonlng  influenced  the  machine  designer 
In  disposing  east  Iron  to  seeming  advantage 
in  the  conptructlon  of  marhines,  massing  the 
metal  to  resist  tension  and  permitting  high 
unit  stress  on  metal  In  compression.  Bspe> 
daily  Is  this  observed  In  machines  of  the  open- 
Jaw  or  gap  type,  such  as  presses  and  punch- 
ing and  shearing  machines.  The  writer  be- 
lieves that  usually  the  unit  stresses  should 
be  little  if  any  higher  in  compression  than  in 
tension,  for  the  following  reasons:  In  ma- 
chinery ricrldlty  or  stiffness  is  iistially  the 
chief  consideration.  Many  machines  do  nut 
falfltl  the  Intended  purpose  properly,  not  by 
failure  through  fracture,  but  by  a  want  of 
sufficient  stiffness.  Deflection  has  to  be  lim- 
ited, and  when  that  is  done  breaking  from 
excessive  tension  is  fsttfflctrntly  guarded.  Re- 
membering that  cast  irou  jieMs  to  compres- 
slon  M  nnch  as  with  the  same  unit  stresses 
It  yields  to  tension.  It  follows  that  the  com- 
pressive stress  should  not  exceed  the  tensile 
Strength  per  unit  oC  section  If  it  is  desired 
to  dlspoee  a  given  mnm  of  metal  with  least 
deflection.  It  is  believed  that  rupture  some- 
times occurs  in  a  machine  apparently  through 
tension,  where  the  origin  of  the  weakness 
could  be  traced  to  a  want  of  material  suffi- 
cfontly  to  resist  compression,  the  Improperly 


supported  tension  side  severing  by  croes- 

bendin)i  or  transverse  stress. 

For  example,  in  an  open-gap  machine,  if 
the  section  Is  so  riiaped  that  oomprssstro  unit 
(Stress  is  six  times  that  of  the  tensile  unit 
stress,  then,  elastic  moduli  being  eaual,  the 
frame  will  yield  at  the  outer  flange  C  six  tlmen 
much  by  compression  as  it  does  by  tension 
at  the  inner  flange  T.  This  permits  an  oscil- 
lation of  the  mass  at  T  aronnd  its  center.  If 
this  osclllatinn  becomes  dangerous,  by  extent 
or  frequency,  the  frame  will  break  by  cross 
bending  at  the  mass  T.  giving  the  Impression 

that  more  material  is  needed  to  resist  ten- 
sion; whereas  the  fact  may  be  that  more  ma- 
terial should  be  placed  at  C  to  prevent  exeea- 
elve  yield  by  compression. 

Inadequacy  of  Theoretical  Calculatlon8.-r- 
Owlng  to  the  peenllar  physical  eharactierlBtlcn 
of  cast  Iron.  It  has  not  been  found  practicabkl 
to  harmonize  experiments  with  the  theory  of 
flexure.  Many  reasons  are  offered  for  this, 
and  modlficatlona  of  the  usual  accepted  the- 
ory have  been  propounded  which  will  not  be 
dlscnssed  here.  It  has  been  found  neoessaty 
to  introduce  Into  the  equations  moduli  or  CO- 
efflcieuta  wbich  have  no  apparent  relation  to 
the  direct  strength  of  the  metal,  and  whldi 
vary  widely  for  different  dimensions  and 
shapes  of  cross  sections.  As  the  cross  sec- 
tions under  consideration  are  frequently  of 
unsymmetrlcal  and  irregular  shape,  the  com- 
putation of  tlexural  moments  Is  tedious  and 
freaaentiy  useless  If  the  computer  has  not  a 
correct  modulus  to  apply  to  satisfy  the  con- 
ditions of  the  section  under  consideration.  It 
la  therefore  desirable  for  the  designer  to  keep 
a  record  of  experiments  and  of  failure  of 
castings  under  known  loadings,  and  from 
these  results  derive  eoelBclents  by  means  of 
■which  the  strength  and  stiffness  of  various 
sections  can  be  approximately  known  without 
recourse  to  the  usual  calculation  for  the  rs- 
si^tinj?  moments  of  the  section. 

In  machinery  the  worliing  stresses  are 
usually  Impulsively  or  suddenly  applied,  some- 
tlTiiPs  with  actual  percussion  or  Impact,  and 
frequently  alternate  stresses  of  equal  Inten- 
sity in  oppoilte  directions  occur  In  rapid  re- 
ciprocation. As  it  is  known  that  a  load  so 
rapidly  applied  as  to  permit  ihu  uu Impeded 
effect  of  gravity  win  produce  a  deflection 
double  that  due  to  the  static  effect  of  the 
same  load.  It  can  be  seen  that  the  total  am- 
plilude  of  vibration  due  to  rapidly  aiternatp 
iuK  loads  must  be  very  considerable.  To  pre- 
vent exci!8sive  vibration  the  structure  should 
be  designed  with  a  limitation  of  deflection  In 
1.  iBoe, 
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view,  and  the  amount  of  (Ms  limitation,  it  da> 

rived  solely  from  oiperience  and  should  be 
governed  largely  by  the  nature  of  the  service 
to  wlildi  tbm  material  will  be  applied.  Fot 
machinery  nnd'T  ordinary  clrcnmstanpps  we 
might  assume,  m  order  to  obtain  saUsIactory 
atiilness,  that  the  deflection  should  not  exceed 
one-twenty-flve  hundrorlth  part  of  the  span, 
and  under  certain  condiUous  should  be  much 
less  than  this.  Indeed,  it  Is  quite  probable 
that  a  deflection  in  direct  proportion  to  length 
Is  not  advisable,  but  that  the  ratio  of  deflec- 
tion to  length  should  decrease  as  imgih  ie  iii'> 
creased.  For  long  members  In  compresafon 
the  sectional  area  must  be  augmented  as  the 
ratio  of  lenftb  to  cross  section  increases,  but 
for  members  under  variable  tenalon  alone  the 
section  should  be  increased  also,  or  the  stress 
per  unit  of  crofli  MOUon  redacod,  M  the  ratio 
of  length  to  cross  sections  increases,  for  the 
purpose  of  reducing  vibration  due  to  succes- 
sive extensions. 

When  rapidly  alternating  Btreeees  occnr,  it 
is  acknowledged  that  provision  must  be  made 
for  something  more  than  the  greatest  strese 
in  one  direction  alone.  There  are  still  differ- 
ences of  opinion  and  practice  on  this  subject 
among  bridge  designers.  Some  mallltftin  that 
when  the  alterations  are  of  slow  reeorre&ce. 


■o  aa  to  permit  actual  rest  between  refersals, 

no  special  Increase  of  section  is  required. 
Others  specify  that  the  sum  of  the  sections  re- 
quired for  the  atreooca  ta  oppoelto  dlreettOBt 

should  be  used  to  Eutt  the  conditions.  TlMVO 
can  be  little  doubt  that  the  latter  estlmattt  tM 
little  enoagh  for  madiinery  irhen  tlio  oadllap 

tion  of  the  forces  occurs  with  great  rapidity, 
and  especially  when  the  metal  under  consider- 
ation Is  cast  iron,  with  a  modulua  of  elaatidty 
about  one-half  that  of  steel  or  wrought  Iron. 
It  is  a  safe  general  rule  for  ordinary  east  iron 
in  machine  strnctures  to  limit  tensile  streM 
to  4,000  lbs.  per  sq.  In,  of  section  under  the 
most  favorable  circumstances,  to  3,000  IbS. 
when  loads  are  suddenly  applied  and  to  2,000 
lbs.  whon  the  force  alternates  In  direction- 
These  unit  loads  should  be  further  limited  to 
suit  the  ratio  of  length  to  section,  as  required 
for  columns  or  any  members  In  alternate  ex- 
tension or  compression.  For  beams  or  mem- 
bers nibjected  to  alternating  traBsrerae 
Rtrepses,  the  unit  stresses  on  the  material 
should  be  limited  so  that  the  sum  of  the  de- 
fleetiona  in  opposite  directions  will  not  exceed 
one-two  thouP"\nd  five  hundredth  part  of  the 
span,  or  such  other  limitation  as,  according  to 
the  judgment  of  the  designer,  WUI  pMIVMia 
suAcient  stllCneas  tor  the  Intended  parposob 


RELATIVE  STRENGTHS  OF  NICKEl^STEEL  AND  CARBON-STEEL 

COLUMNS 

Particulars  regarding  a  series  of  tests  made  between  60,000  lbs.  and  70.000  lbs.  per  sq.  in. 
prlmarllj  to  determine  the  relative  etrenstha  and  an  elastic  limit  of  not  less  than  35,000  lbs. 
of  carbon-steel  and  ntekel-steet,  vere  given  In  per  sq.  In.  The  niekelHiteel  used  was  obtained 
an  article  by  Dr.  J.  A.  L.  TVaddell  in  a  recent  from  special  melts,  and  had  an  ultimate 
issue  of  "Engineering  News."  The  tests  com-  strength  between  100,000  Iba.  and  115,000  Ibo. 
prised  three  long  oolumne  and  three  short  pin-  per  sq.  In.  and  an  elastic  limit  not  less  than 
*>nili'd  columns  I'oii.structed  of  each  metal.  They  «)ii,i:ifii;  ihs.  per  sq.  in.  The  nicliel-steel  con- 
were  composed  of  two  built  channels,  each  taioed  approximately  the  following  percentages 
consisting  of  two  3  x  8  x  %-ln.  angles  and  one  of  materials; 

12  :<  %-ln.  plate,  connected  at  the  ends  by  bat-  ***** 

ten  plates  and  laced  with  2  %  x  %-ln.  bars.  The  Nickel  3.50 

webs  were  heavily  lelnforced  for  bearing  and  Carbon   0.S8 

for  the  transmission  of  the  !;tn  .^.^  from  H  e  pin  Manganese  0.76 

to  the  column  section  in  order  to  Insure  that  Sulphur   O.SO 

the  faUure  of  the  columns  would  be  In  the  body  Phosphorus  0.016 

and  not  in  the  details     The  1(  nt^lhs  between  SlUCOO  0.05 

centers  o£  pins  were  10  ft.  for  the  short  struta  ,        following  are  averages  of  the  results 

and  80  ft.  for  the  long  ones:  and  the  radius  of  obtained:                         Blastlc  Ultimata 

gj'ratlon  was  4.4C  Ins.,  nialdiiK  tl;e  values  of  1/r  limit.  Strength, 

respectively  27  and  81.    The  area  of  the  sec-  Nickel-steel  columns,  10  ft... 52,800  08.700 

tlon  was  17.44  sq.  ins.  "           "        30  ft. .  .41,800  44,700 

The  carbon-steel  struts  w.  t.^  tiillt  of  rail-  Carbon-steel     "         10  ft... 28, 800  39.300 

way  bridge  steel  having  an  ultimate  strength  "           **        30  ft... 21,300  30,500 
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In  designing  struts  Dr.  W«ld«ll  nam  tlia 
foUowing  (onniilM  Cor  d«C«niiliilitg  tli*  Altowvd 

loading: 

For  carbon-steel  struts  with  hinged  ends, 
I  «  1«.00«  —  80  \/T', 

VOT  nickel-steel  struts  with  T.IriL'od  O&dfl* 

I  =  27,000  —  160  l/r. 

Comparing  the  values  obtained  from  these 
foranlas  wftb  tlM  «laatlo  limits  of  fli«  wioua 
coluiuDB  shows  the  taidots  of  imCet^  (B/I)  to 
be  as  follows: 

BiMtie 

Columns —  I.     limit  (B).  B/I. 

Nickel-steel,  10  ft.. 32.680    62.800  2.33 
*•         SO  ft  ...14,040    41,200  S.04 
Cftrbon-steel.  10  ft..  .13.S40    2S,800  2.08 
30  ft...  9,520    21,300  2.24 


Dr.  Wsddell  Is  of  the  opinion  that  If  the 
equivalent  static  load  is  less  than  one-half  oC  '  ' 
the  elastic  limit,  perfect  safety  Is  attained.  Tho 
foregoing  table  shows  that  his  formulas  glTO  * 
values  well  within  this  figure.    He  further  \>e-  ' 
Ueves  that  the  reoentljr  auggasted  MMiUon  of  ' 
S0%  to  the  working  Intensltiea  to  meet  fhe  oon*  ' 
(iltion  of  a  combination  of  tb«  greatest  equiva- 
lent statlo  load  and  the  maximum  wind  load  la  ' 
more  In  the  natnre  of  a  salve  to  ttie  dttrftneir's ' 
conscience  than  an  attempt  to  meet  actual  con- 
ditions; because  a  simultaneous  application  of 
the  greatest  itve-load,  greatest  Impact,  and 
greatest  wind  pres.suro,  Is  almost  an  Impossi- 
bility; and  in  view  of  this,  if  It  ever  did  happen, 
the  atndnlns  (or  an  iDSttttt  of  «  few  memben 
to  G5%  of  tbelr  olagtic  limits  would  do  no 
harm. 


THE  CONSTRUCTION  AND  OPERATION  Op! 

CABLEWAYS* 

,  WITH  ANALYTICAL  AND  GRAPHICAL  ANALYSES  OF  STRESSES 

Bx  F.  T.  RUBIDGE.  E.  M. 

aUOHTLT  OOMOBNSID  WBttOt  "TBS  HMZVaBglTT  OF  COLORADO  JOOBNAL  OP  XNOIMBBIUNO" 


Dellnltlons.— A  csMeway  is  a  liolstlng  snd 

conveying  system,  consisting  of  a  rinitlc  span 
Of  cable  upon  which  is  mounted  a  carriage  with 
the  neeassary  sheaves,  ropes  snd  powsr  to  hoist 
a  load  from  any  point  and  convey  It  to  any 
other  point  beneath  the  cable.  The  motive 
power  nsr  Iw  tostsllsd  vpim  tho  omrrlsgs  Itsslt 
or  transmitted  fTom  SB  soglno  at  sithsr  snd 
of  the  span. 

A  borlBontsl  cshlarwar  ts  one  In  whldi  th« 
ends  of  the  span  may  bo  on  tbo  same  or  dif- 
ferent levels.   It  is.  therefore,  of  general  ap- 

pUcStiOB. 

An  Incline  cabloway  Is  one  in  which,  by  rea- 
son of  a  suffldent  Inclination  of  the  cable,  the 
powsr  roqvlrsd  to  hoist  the  losd  Is  Isss  tluw 
thftt  rSQUlred  for  conveying.  This  enables  the 
US  of  «  single  rope  for  both  hoisting  and  con- 
Tsrlas* 

HORIZONTAL  CABLEWAYS. 
In  this  system  it  is  obvious  that,  in  addition 
to  th«  «*ble  snd  Cbo  carriage  whldi  trsvtf  s 
vpoB  It,  tlisrs  mnst  to  provided  Indspendsnt 

•Wo  »r»  lsa«M«d  ta  «ht  CMntssr  of  *%|lnSMta«-OMl- 
tnctiDx"  fop  Ihs  MS  cf  tha  lltastfmtieBs  seoMBpsBytBc 
this  utlote. 


means  for  hoisting  and  conveying  the  loadl^. 

In  the  case  where  the  motor  Is  Installed  up-  . 
on  the  carriage  the  latter  is  propelled  by  gear^  t 
Ing  to  the  sheaves  traveling  npon  the  mstn  . 

cable,  causing  them  to  act  as  drivers.  The 
path  which  the  carriage  travels  wbon  both.. 


(ZiOad  at  center;  skip  movlnR  towarri  1«|ti  Alp  at 

alMan  and  dumping  load.) 
FIO.  1.   BAUMCED  CAHLE  CRANfl  BOROSONTAL  - 

rAniJCWAY. 

ends  of  the  main  cable  are  fixed  is  approzl- 
matelr  an  ellipse.   It  Is  sppsrent  tlist  vnder 

snrh  conditions  tbo  inclination  near  the  ends 
of  the  span  is  such  that  it  would  be  lmp<w«ible 
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t9  drtoe  the  oarrtage  beyond  a  oertoln  point, 
•  OWlac  to  Bllpplng  of  the  driving  sheaves.  The 
dtfllenlty  Ib  overcome  by  putting  the  main 
wble  under  n  oonetant  tension,  envelng  the 
carriage  to  travel  approximately  along  a  uni- 
form grade.  This  may  be  accomplished  by 
hnTlng  one  end  of  the  amla  cable  fixed,  while 
to  the  other  end,  after  the  cable  paoaee  OVer 
a  sheave,  a  weight  is  attached.  Tbe  dlMld- 
nntaca  of  thia  aimple  devloe  would  he  tbe 


e 
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eoDtlnual  bending  of  tbe  main  cable  passing 
over  the  sheave,  while  under  stress.  To  bring 
thla  bending  etraln  within  safe  limits  would 
require  a  sheaTe  lo  large  that  Its  use  would 
be  impracticable.  The  difficulty  is  overcome 
hr  the  use  of  bents,  tree  to  move  at  the  top 
in  the  direction  of  the  cable.  Fig.  1  lllustratea 
the  system.  It  has  the  trade  name  of  "the 
Balanced  Cable  Crane."  The  electric  motor 
te  the  most  practicable  for  this  system,  though 
It  necessitates  the  parallt'llng  of  the  malu  cable 
with  a  trolley  wire.  The  fact  that  the  cable 
auat  sustain  the  additional  w^ght  of  the  mo- 
tor and  motorman  is  a  dlsadrantage,  but  in 
many  cases  it  is  probably  otbet  by  the  decided 
advantage  of  haying  the  iqwrator  dosa  to  the 
loading  and  unloading,  thus  minimising  danger 
and  delay. 

'  In  cases  where  the  engine  or  motor  Is  located 

at  thp  fnd  of  the  span,  at  loast  two  ropes  In 
addition  to  the  main  cable  are  necessary — 
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the  one  for  hoisting  and  the  other  for  oonvay- 
ing.  When  the  orange-peel,  clam-shatl  or 
other  self-filling  buokot  is  employed,  a  third 
rope  and  an  extra  drum  on  the  engine  must 
be  provided. 

Arrangement  of  Hoisting  and  Conveying 
Ropes. — Figs.  2.  3  and  4  show  three  different 
arrangements  of  holitlng  and  oonTeying  ropes 
which  have  been  adopted  hy  the  l.lilK.Twood 
Manufacturing  Co.,  the  Lambert  Hoisting  En- 


gine Oo.  and  the  Trenton  Iron  Co.  respeetlTety. 

In  the  arrangement  shown  In  Fig.  2  the  load 
is  first  hoisted  to  the  desired  height.  During 
couTeylng.  both  the  hoisting  and  oonyeytng 
drums  must  be  In  operation,  and  of  the  same 
diameter,  so  that  the  load  may  remain  at  a 
oonstant  distance  from  the  eablel 

In  the  arrangement  shown  In  Fig.  3  the  en- 
gine drums  usually  have  different  diametart* 
the  larger  being  the  conveying  drum.  Thia 

nrrnnKf>mpnt  permits  simultaneous  hoisting 
and  conveying,  and  a  conveying  speed  greater 
than  hoisting  speed.  ▲  somowbat  laigsr 
piiip  Is  neeessary  owing  to  the  two-part  hoist, 
instead  of  three-part,  as  in  the  other  arrange- 
ment. 

The  arrangement  In  Fig.  4  was  devised  to 
obviate  the  necessity  of  using  carriers  to  pre- 
vent aaggiBg  of  iMtiatlng  ropa.  The  hoisting 
rope  is  attached  to  an  endless  rope  at  the 
point  A  by  means  of  a  specially  constructed 
swivel  connection.  Tho  endlsss  rope  la  passed 
a  number  of  times  around  an  elliptic-faced 
drum  to  give  sufficient  friction  for  hoisting  the 
load.  In  oparathm  both  holsUag  and  coavsgr* 


Fia.  4.   ARRANOEMENT  OF  TRENTON  IRON  GO. 

CABLEWAY. 

Ing  drums  are  In  motion  during  conveying, 
as  in  Pig.  2,  and  both  must  ha  of  the  aama 

diameter. 

Fall-rope  Carriers. — The  economical  opera* 
tton  of  a  cableway  depends  in  no  small  meas- 
ure upon  the  carriers  employed.  Their  func- 
tion is  to  prevent  excessive  tension  (due  to 
sag)  in  the  hoisting  rope,  so  that  when  the 
load  is  detached  from  the  fall-block  the  latter, 
while  free,  will  not  ascend  to  the  carriage. 
Bven  with  the  use  of  carriers  it  Is  necessary 
to  use  a  weighted  fall-block,  so  that  It  may 
be  raised  or  towered  by  the  engineer  when  no 
load  Is  attached. 

The  following  are  styles  of  carriers  which 
are  In  use; 

en  Chain  roniiiTt.'d  Carriers. — These  con- 
sist of  a  supporting  sheave  which  travels  upon 
the  main  cable,  below  which  In  the  same  frama 
are  Bhea\os  for  tlie  support  of  other  nercssary 
ropes.  The  aide  plates  which  form  the  frame 
for  the  sheaves  must  project  beyond  them,  so 
thaf  whon  adjacent  carriers  strike  each  other 
tho  sheaves  will  not  come  into  contact  The 
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«ona«oted  earrlen  are  atUdied  at  one  md  to 

the  tower  and  at  the  other  to  the  carriage. 
When  the  carriage  Is  close  to  the  head  tower 
(engine  end),  the  earrlers  an  all  In  ooatact 
•with  the  chains  hanging  in  loops  below.  As 
the  carriage  moves  toward  the  tail  tower  the 
carrten  are  apaoed  atone  the  eahto  wtth  tbe 
ehatna  hanging  in  festoons  below. 

(2)  Button-rope  Carriers.— With  this  car- 
rier an  addlUooal  rope  aeroaa  tlie  span  is  re- 
■qoired.  It  Is  fixed  at  one  end  and  kept  at  a 
constant  tension  by  a  weight  at  the  other. 
At  Intervato  alone  tlie  rope  are  afDxed  "Init- 
tODs"  with  a  gradation  of  diameters,  the  small- 
est being  the  first  from  the  head  tower.  The 
carriers  are  provided  with  eyes  having  a  cor- 
responding gradation  of  diameters,  slightly 
smaller  than  the  buttons,  through  which  the 
iMtttOB  ropo  la  threaded.  Tbm  earriage  is  pro- 
vided with  a  projecting  arm  or  "bom,"  which 
piclts  up  the  carriers  as  each  is  met  during  the 
tniTel  of  carries*  toward  tlie  head  tower.  All 
the  carriers  are  riding  upon  the  arm  when  the 
head  tower  is  reached.  On  moving  away  from 
the  head  tower,  the  first  button  passes  through 
the  eyes  of  all  the  carriers  but  the  last  This 
one  is  snatched  from  the  arm  and  depoilted 
upon  the  cable.  The  eeeond  btttlOD  letoata  the 
-next  carrier,  and  so  on. 

(3)  The  Lambert-Delaney  Carrier. — ThiB  Ii 
rather  an  ingenious  device,  depending  upon 
the  fact  that  points  along  the  rertlcal  diameter 
of  a  horizontally  rolling  wheel  traye!  at  dlf- 
fennt  velocities.  The  rolling  wheel  In  the 
case  of  the  carrier  U  Inverted,  and  rolls  upon 
the  under  side  of  the  naln  cable.  The  con- 
veying rope  is  the  rolling  force,  and  Is  applied 
«t  different  dietanoei  from  the  center  of  the 
rolling  sheave  to  obtain  the  required  vartatton 
In  velocity  of  travel.  Fig.  u  illustrates  the 
construction.  It  will  be  noticed  that  in  the 
•qnarter-speed  carrier  a  yoke  with  set  aerew 
is  used  to  Increase  the  friction  between  the 
rolling  eheave  and  cable. 

The  advantages  and  dtiadvantagee  of  the 
above  types  of  carriers  are  as  follows: 

Chain-«onnected  Carriers. — Advantage:  (a) 
SimpHaMy.  (b)  Not  easily  deranged,  (c) 
Positive  spacing.  Disadvantages:  (a)  Ex- 
tremely heavy,  (b)  Considerable  wear,  (c) 
Power  required  to  etreteh  ehalas  as  carriage 
nears  tall  tower 

Button-rope  Carriers. — Advantages:  (a)  Ex- 
tremely light  (b)  Minimum  wear  to  both 
carrier  and  cahle.  fc)  Positive  spacing.  Dis- 
advantages:   (a)  Maintenance  of  button  rope. 

Lambert»De1aney  Carriers.  —  Advantacw: 
'(a)  Ketther  rope  nor  diaiiis  required  tor  apae- 


lag.  iby  Weight  of  carrlera  uniformly  dlatrlh- 

uted  at  all  times  between  carriage  and  towers* 
(c)  Moderate  weight  Disadvantages:  (a) 
Double  bending  of  eonveylng  rope  while  pass- 
ing through  carriers,  causing  phort  life  of  rope, 
(b)  Variable  spacing  due  to  slip  between  roll- 
ing Sheaves  and  cable.    <e)  Large  number  of 

shfnvpi  to  mfiintaln. 

1  ho  arrangement  bUowq  lu  Fig.  4  is  "the 

Laurent-Cherry"  system,  which  employs  no 
carriers,  as  above  mentioned.  The  advantages 
are:  (a)  A  minimum  of  working  parts  not 
easily  accessible,  (b)  A  minim uiu  oc  dead 
weight  to  be  sustained  by  cable.  The  disad- 
vantages aro:  (a)  The  endless  hoisting  rope 
is  subject  to  esnslderable  wear  owing  to  con- 
stant slipping  on  elliptlo-faeed  drum,  (b) 
When  hoisting  from  a  considerable  depth  be- 
low the  main  cable  and  conveying  toward  the 
tail  tower  there  is  a  limit  to  the  distance  of 
approach  to  the  tall  tower,  owing  to  the  Ihet 
that  connection  at  A,  Fig.  4i  caimot 
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the  tn?t  tn-wer  sheave.  On  this  account  a 
greater  span  is  necessary  under  such  condi- 
tions than  in  the  etlMr  axraagements. 

Relation  Between  Size  of  Enginp  nnrt  In- 
clination of  Cable. — ^As  previously  staled,  the 
path  whidi  the  carriage  travels  when  both 

ends  of  the  cable  are  fixed  is  npprnxlmntely  nn. 

ellipse  (catenary  between  carriage  and  towers 
netftoeted).    When  it  is  necessary,  therefore, 

to  convey  the  load  cIor^  to  either  end  of  the 
span,  the  inclination  must  be  taken  into  oon- 
slderatlon. 

In  the  Lldgerwood  and  Laurent-Cherry  sys- 
tems, where  the  diameters  of  hoisting  and  con- 
veying drums  must  be  the  same,  the  size  of 
the.  engine  Is  determined  by  the  load  to  be 
hoisted,  provided  the  inclination  of  the  cabib 
does  not  exceed  22*  (19%*  with  friction  neg- 
lected). Beyond  this  incllnatioii  the  power 
required  for  conveying  is  greater  than  that  fo^ 
hoisting,  and  is  proporttooal  to  Vb»  slM  of 
♦  he  angle  of  inclination. 

In  the  Lambert  system,  where  a  two-part 
line  Is  used  for  hoisting,  and  where  there  may 
be  any  desirable  ratio  between  the  diameters 
of  conveying  and  hoisting  dmmt.  the  taMtllBft- 
tlon  of  the  cable  at  which  equal  power  is  re- 
quired tor  hoisting  and  conveying  is  about  Z2' 
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(30*  neglecting  friction).  V.'Uh  Inclination 
less  tliaa  32°  the  conveyioK  drum  majr  be 
larger  tlum  the  hotetlng  dram,  and  for  a  cable- 
way  which  Is  nearly  horizontal  the  cnglno  Is 
provided  with  a  conveying  drum  about  twice 
the  diameter  Qf  tlie  bofaUng  dnm.  In  all 
cases  the  ratio  oC  gearing  Is  tbe  Muae  for  hoth 
drams. 

THB  INCLniB  OABLBWAT. 

It  is  obvious  that  when  the  inclination  or 
the  cable  is  such  that  greater  power  ia  re- 
quired for  oonveylag  than  for  hoisting,  the 
carriage  will  remain  stationary  on  the  cable 
Willie  the  load  is  being  hoisted,  even  though 
no  eonTejing  or  endless  rope  Is  need.  Bhonld 
the  inad  be  hoisted  until  the  fall-lilock  comes 
into  contact  with  the  carriage,  the  further  pull 
on  the  bolsttng  rope  will  cause  the  carriage 
with  the  load  to  move  along  the  cable.  A 
single  drum  engine  is,  therefore,  ail  that  is 

The  simplest  form  of  Incline  cableway  Is 
used  where  the  loading  is  always  done  at  the 
■aase  point,  abo  the  unloading,   in  thU  case 

a  stopping  block  Is  damped  to  the  main  cable 
to  prevent  the  carriage  running  below  the 
point  of  loading,  and  a  self-engaging  latc(h  te 
clamped  to  the  cable  at  the  unloadlnff  point  to 
hold  the  carriage  in  position  while  the  load 
is  being  lowered  Ibr  unloading. 

Where  It  Is  necessary  to  provide  means  for 
loading  and  unloading  at  any  point,  an  end- 
less rope  is  used  as  In  the  horizontal  cable* 
way,  but  no  power  is  necessary  for  itf?  opera- 
tion, its  function  being  merely  to  hold  tbe  car- 
riage at  any  desired  point.  This  Is  aooom- 
plisbed  by  passing  the  endless  rope  a  number 
of  times  around  an  elliptic-faced  drum  pro- 
Tided  with  brake  only. 

The  Aerial  Dump. — Tbe  scope  of  tbe  cable- 
way  Is  largely  increased  by  the  possibility  of 
dumping  the  contents  of  tbe  skip  at  any  point 
in  its  travel  by  the  naalpulation  of  a  lever  at 
the  engine.  The  skip  employed  has  an  open 
end,  so  that  tilting  is  all  that  is  necessary  for 
damping.  The  skip  is  suspended  from  the  hqpk 
of  the  fall-block  by  chains  with  hook  ends  at- 
tached to  the  sides  and  ends  of  the  skip.  The 
end  of  the  skip  la  also  attached  to  another  fall- 
bloek  reevecl  with  the  damp  line.   The  latter 

ncct-ssltatcs  two  addltloiml  sheaves  bt'low  the 

cable  in  the  carriage  and  Is  reeved  In  a  manner 
similar  to  the  hoisting  rope.    Tn  the  Ltdger- 

wood  solf-dumplng  df  vicf  tbe  dmiip  lino  i*? 
wound  on  the  hoisting  drum,  and  when  it  is  de- 
sired to  damp  the  skip,  the  line  to  Shifted  by 

a  E\ittablf»  mechanism  upon  an  incroa.sfd  diam- 
eter of  drum,  which  is  provided  for  the  pur- 


pose. This  causes  tbe  dump  line  to  be  drawn 
in  at  a  higher  rate  of  speed  than  the  hoisting 
rope,  and  results  In  the  tilting  of  the  skip  for 
discharging  the  contents. 

In  the  Lambert  system  the  damp  line  Is  a(- 
tatflied  to  Its  own  drum  mounted  on  a  shaft 
with  hoisting  drum,  in  close  contact  with  the 
latter  and  so  arranged  that  the  hoisting  drum, 
when  released  with  a  load,  can  make  only  a 
half  revolution  while  the  dump  line  drum  is 
stationary.  During  hoisting,  the  hoisting  dnun 
drives  the  dump  line  drum  and.  both  being  of 
the  same  diameter,  the  skip  remains  horizon- 
tal. When  it  is  desired  to  dump  the  skip,  the 
brake  Is  applied  to  the  dump  line  drum  and 
released  on  the  hoisting  drum. 

The  Lambert  Company  baa  also  installed  a 
dumping  arrangement  for  dumping  the  load 
close  to  the  towers.  It  consists  of  a  long  hook 
suspended  from  a  third  main  cable  sheave  on 
the  carriage.  Owing  to  the  difference  in  in- 
clination of  the  cable  at  the  center  and  ends  of 
tbe  span,  the  hook,  which  always  hangs  ver- 
tically. Is  eloser  to  the  skip  at  the  desired  end 
than  at  other  points  along  the  cable.  On  low- 
ering at  the  dumping  point,  the  hook  engages 
the  bail  at  the  end  o(  the  skip.  The  praetlcsr 
bility  of  this  arrangement  in  doubtful  when  it 
is  desired  to  dump  tbe  load  at  the  tall  tower 
end.  The  skip  swings  more  or  lees  when  the 
carriage  Is  stopped,  and  the  engineer,  being 
unable  to  observe  the  oscillations,  is  likely  to 
lower  tbe  skip  whM  Jit  Is  swung  awsy  from 
the  hook. 

Lubrication. — The  fact  that  the  sheaves  in  the 
carriers,  carriage,  and  tops  of  towers  are  not 
easily  accessible  renders  self-lubricating  bush- 
ings desirable,  and  they  are  generally  used. 
Their  use,  however,  does  not  mean  that  little 
attention  Is  required.  Tbe  carriage  and  hoist- 
ing rope  especially  should  be  carefully  exam- 
ined daily,  for,  while  the  apparatus  is  seldom 
used  to  transport  men,  the  load  Is  generally 
conveyed  above  them. 

Towers. — Either  tower  may  be  fixed  or 
movable.  When  both  are  movahle  the  trades 
must  either  be  parallel  or  He  In  the  same  cir- 
cle. The  parallel  track  arrangement  was  used 
extensively  in  the  excavating  of  tbe  Chicago 
Drainage  Canal.  Movable  towers  diametrically 
opposite  on  circular  tracks  have  never  been 
used  so  far  as  the  writer  la  aware.  A  com- 
mon arrangement,  however.  Is  Hw  ndtal  eable* 
way.  where  OHO  tow«r  ts  Hgsd  Mid  the  OthST 
movable. 

Movable  towers  are  mounted  on  standard 

railroad  wheels  Tbo  Jru- k  ro-^slsts  of  six  or 
seven  lines  of  raUs,  and  rail  braces  should  be 
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plentlfally.  Power  for  morlnf  tbe  temve 

mty  be  obtained  from  the  wilMih  head  on  the 
ttbleway  engine,  or,  if  the  tower  must  be 
moved  often,  a  ipeetal  engine  to  provided. 
Movement  is  accomplished  by  block  and  tackle 
between  the  engine  and  anchorage  at  either 
end  of  the  traok.  Oonelderable  power  le 
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eesary  on  account  of  the  large  amount  of  trio- 
eion  between  flanges  of  wheels  and  rails. 

For  low  towers  in  fixed  positions  the  "A"- 
frame  is  commonly  used,  but  the  head  tower 
■honld  not  be  so  low,  or  the  engine  so  doee  to 
it,  that  the  fleet  angle  of  the  ropes  becomes 
excessive.  In  some  omob,  eepedally  in  incline 
cableways,  the  tall  tower  may  be  dispensed 
with  and  a  rock  anchorage  substituted.  High 
towers  are  common  where  height  is  desired  for 
disposal  of  material  beneath  the  cable,  and  in 
very  low  spans  where  the  deflection  of  the  cable 
is  necessarily  Urge.  They  are  usually  con- 
stmeted  of  wood,  for  the  resaon  that  the  cost 
Is  less  and  in  most  cases  they  will  last  as  long 
as  the  cableway  is  required.  The  base  of  the 
tower  Is  usually  from  one-third  to  one>half 
the  height.  Steel  masts  are  eometimes  used 
for  .tail  towers.  They  reanlre  at  least  three 
strong  and  well  anchored  guy  lines.  The  base 
has  a  ball  and  socket  Joint  of  steel  castings, 
and  the  customary  wood  saddle  is  bolted  to  the 
top  tat  the  mnla  cable. 


Main  Cable. — ^The  essential  features  of  the 

main  cable  are  strength,  lightness,  flexibility, 
and  a  surface  which  will  not  only  receive  the 
least  wear  but  impart  the  leeat  wear  to  the 
sheaves  rollinp  upon  it.  The  standard  hoisting 
rope  is  objectionable  from  the  standpoint  last 
mentioned.  Though  less  flexible  than  the 
hoisting  rope,  the  locked-wire  rope  Is  generally 
used  for  the  reason  that  the  other  qualities  are 
poesessed  to  a  much  greater  degree. 

Fig.  6  shows  the  socket  used  on  the  locked- 
wire  rope.  There  are  six  wedge  segments  in 
each  cone,  with  the  emeptlon  of  the  emalleet, 
which  contains  four. 

Means  are  provided  for  taking  up  the  main 
cable  when  the  deflection  has  become  excessive, 
due  to  stretching.  In  short  spans  a  tumbuckle 
is  inserted  In  the  sling  which  passes  around 
the  anchorage  and  thence  through  a  sheave 
attached  to  the  end  of  the  cable.  For  long 
spans,  special  double  or  triple  sheave  blodcs 
are  used,  reeved  with  wire  rope.  The  take>np 
is  usually  located  at  the  head  tower  end  so 
that  the  engine  may  be  vtlUaed  when  taking 
up  is  necessary. 

Anchorages. — ^The  tension  of  the  main  cable 
Is  usually  from  five  to  six  times  the  load,  de- 
pending upon  the  deflection.  Anchorages  se- 
cure beyond  all  possible  doubt,  are  essential, 
as  their  failure  would  prove  disastrous  to  the 
cableway  and  Imperil  the  lives  of  men.  Since 
it  is  impossible  to  calculate  the  resistance  of- 
fered by  the  earth  to  a  buried  anchorage.  It 

1r  usual  to  And  a  much  itronger  anchorage 
than  is  necessary.  The  usval  form  for  mod- 
erate tenslone— say  up  to  80  tonn— to  a  weU 
tarred  oak  log  about  18  Ins.  In  diameter  and 
16  ft.  long,  burled  to  a  depth  of  8  or  10  ft.  If 
longer  lite  In  desired,  or  if  the  tension  Is 
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greater,  a  concrete  anclliorage  mar  Iw  auo- 

stituted.  A  form  which  has  been  aacoeMfally 
used  is  sbowa  ia  Fig.  7. 

Formulaa. — ^Tbe  (ollowl&K  aro  tbo  formulas 
generuH)  used  trbon  the  cable  la  aj^iMroxImatalr 

horizontal: 

In  Fig.  8  let  w  ^  weight  o(  cable  per  toot. 

t  —  tension  In  pounds  at  tower. 

d  =  deflection  of  cable  in  feet  at  any  point, 
X.  distant  n  f«et  from  toirar  B  and  m  from 
tower  A, 


C-.-.y  

■■■n  ■■■ 

ia 

FIG.  8. 

s  »  length  of  span  =  m  n. 

g  =  weight  of  carrlag «,  skip  and  load  (or 

coucentrated  lo«d)  In  pounds.  distant  j  from 

tower  A. 

Defleetton  at  x  due  to  cable  alone 

(1      ni  n  w      2  t  ( 1 ) 

Deflection  at  oenter  due  to  cable  alone 

d  —  w  s>  -I-  8t  (2) 

Denectloa  at.  X  duo  to  concantratsd  load 

alone 

ds»gBy*«-Bt  (S) 

Deflection  at  csater  of  span  duo  to  load 

alone 

d  =  gy-H  It  (4) 

If  y  =       squationi  <8)  and  <4)  become 

respectively 
d  B  c  n  ■»-  8t  <S') 

and  d  «  g  s-i-  4t  (4') 


VIG.  ». 

Uelleetlon  due  to  both  cable  and  concen- 
trated load  is  obtained  by  adding  the  separate 
deOectloni.  Therefore  tor  total  deflection  at  z 

d  ^  (wmns  -t-  2  gny)      Sat.  (6) 

Or  at  center  of  span 

d  —  (ws<-i-4gy)  ^8t  (6) 

If  y  =  8/2,  (5)  becomes 

d      (wmn  -t-  gn)  -t-  2  t. . . . ,  (5') 

and  (6),  d  =  (w  s*  <*-  8  gs)  f  8 1  (6'} 

It  7  —  m,  (5)  becomes 


d  =  (wmns  -t-  8  gmn)  -f-  8  s  t  (B") 

and  (6)  hf-'^omos 

d  =>  (ws*  T  4  gmj  +  8  t  (6") 

FHg.  8  diows  a  graphical  solution  for  a  oon« 

ccntrated  load  In  the  center  Of  the  span.  Wo 
may  note  the  following: 

Tan  e     8  d/B, 

S!n  e  =  g/2  t. 
Since  for  small  angles  (figure  is  exagge> 
rated  >»  the  tsngent  and  sine  are  nearly  equal, 

8  d/h  »  g/8  t. 

or 

d  ss  gs/4 1,  whidi  Is  equation  (4')* 

Substituting  ws/2  for  g, 

d  —  wsV^  t,  which  is  equation  (2). 
We  see,  therefore,  that  Instead  of  a  uniform 

load  of  the  roi)e  in  the  catenary  curve  It  may 
he  HS8umed  as  a  couceutrated  load  equal  to 
one-half  the  uniform  load. 

F^:r.  10  shows  a  graphical  solution  for  the 
load  at  any  point  distant  y  from  tower  A.  We 
may  note  the  following: 
Tan  e  —  a/y. 
«B  9  s=  k/t: 


 ^ 


Therefore 
d/y 
or  k 

Tan  0 

Sin  e 
Therefore 
d     (s— y ) 
or  p 
and  It  +  p 
or  gy  (s— y) 
or  d 
Slttos  d:d' 


k/t,  approximately. 

dt/y. 

d       (s  -y) 

p/t'  or  p/t.  nearly. 


p./'t. 

d  t  -«-  (a— y), 

g  =  (d  t/y)  +  Id  t  -H  (s— y)l 

dt  (y  +  s  —  y) 
"  g  y  (8 — y)  -•-  s  t 
(s— y):n 
d'  —  dn       (s — y  ) 
or      d'  =  g  y  (s — ^y)  n     s  t  (s — ^y) 
=  g  7  n  -»-  s  t, 

which  i.s  equation  fH), 

Substituting  ws/2  for  g  and  m  for  y,  which 
are  the  conditions  obtaining  when  deflection 
at  any  point  due  to  rope  alone  ia  considered, 

d'  —  m  n  w  -t-  2  t.  which  ia  equation  (1). 

It  has  been  shown  that  the  formulas  glTon 
above  involve  the  assnmiitioii  that  the  tangent 
and  Bine  of  small  angles  arc  equal.  In  the 
graphical  analysis  this  Is  unaeosssaty.  It  la 
obftous,  therefore,  that  a  graphical  solution 
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Irswn  carefully  to  a  fairly  large  aeal*  will  give 
clotf«r  resutta  tlian  are  obtainable  from  tbe 
forsnalas. 

Tig.  11  ta  a  Rraphteal  analyala  of  atroMOB 

fn  the  cable  and  towers  of  a  953-ft.  cableway. 
It  is  desired  to  hoist  and  convey  a  load  of  10 
tone  (Indttding  aklp,  fall-block  and  earrlage'). 
Using  formula  (6')  and  asaumlng  a  2-in. 
locked-wire  rope  (w  <=  10  Ibe.)  with  a  deflec- 
tion of  SO  ft  (abont  6%  of  apan)  we  find  a 
tension  of  58  tons.  Since  the  working  load 
of  the  2-ln.  locked-wire  rope  Is  only  43  tons 
we  now  eee  tbat  at  leaat  a  S^-in.  looked>wlre 
rope  ^It.i  a  working  load  of  55  tons  shotild  be 
usfid.  The  weight  of  the  2)4-iQ-  rope  Is  12H 
Iba.  to  tbe  foot  or  about  9  tone  for  the  «58-ft 

span.  In  the  graphical  solution,  we  therefore 
assume  a  center  concentrated  load  of  10  4-  6/2 
or  IS  tone.  Trlaatfe  OHK  la  Vb»  force  polygon 
for  a  deflection  of  40  ft.  at  the  center,  which 
gives  a  tension  of  77.8  tone.  Tensions'  for 
Tartona  delleetloaa  from  40  ft  np  to  100  ft 
with  10-ft.  Intervals  are  shown  to  range  from 
77.3  to  31.2  tons.  A  line  drawn  from  O  inter- 
■ectlng  the  IS^on  line  AFH  io  that  OP  ta  S5 
ton"  the  proper  working  tension,  Indicates 
a  proper  working  deflection  at  the  center  of 
ft. 

Should  it  he  found  necessary  at  any  time  to 
Bttbject  the  cableway  to  a  load  greater  than 
gtvea  above,  the  proper  defleotlon  to  correa> 

pond  with  the  ^^(^(vnMe  tension  of  55  tons 
Is  found  by  drawing  an  arc  with  center  at  O 
and  radios  OP  (56  torn)  to  lateraeet  OA.  OB, 
etc.,  produced;  scaling  the  distance  between 
the  re8p«ctive  iatcrBectlons  and  tbe  line  OP* 
and  multiplying  by  8  will  give  tbe  respective 
safe  loads  (the  distance  scaled  in  each  case 
Is  only  one-half  tbe  side  of  au  iucomplete 
force  polygon).  Care  must  he  taken,  how- 
ever, that  the  hoisting  and  conveying  ropes 
are  sufllciently  strong  for  the  Increased  load. 

Comparison  of  Analytical  and  Oraphioal 
Solutions. — Solving  formula  (6')  for  a  deflec- 
tion of  50  ft.,  tbe  tension  is  found  to  be  61.27 
tons:  graphical  method  gives  61.5  tons. 

The  main  advantage  of  the  graphical  method 
is  that  a  glance  of  the  diagrram  will  show 
the  proper  deflection  for  any  load.  OXV  rep- 
resents a  traveling  tower  at  one  end  of  the 
span.  The  cable  is  fastened  to  the  tower  ai 
X,  and  V  Is  the  point  about  which  the  tower 
tends  to  rotate,  due  to  tbe  tension  of  cable. 
The  polygon  UJWY  shows  that  a  force  Y-U  of 
46.2  tons  applied  vertically  at  X  is  necessary 
to  obtain  eanlUbrlum  of  the  tower.  The  mo- 
meat  of  thla  foroe  about  V  la  40.8  x  48.6  » 
8.009.7  toot4one.  and  ooanter-momeata  of  an 


equal  amount  moat  be  applied  In  the  shape  of 

ballast,  engine,  boiler,  or  other  form.  The 
weight  of  cableway  and  tower  supplies  the 
aafety  factor. 

The  front  posts  of  the  traveling  tower  lie 
in  the  line  of  the  resultant  of  the  malo  cable. 
Tber  «ihon1d  haw  aaffldent  atrengtb  to  augtaln 


the  resultant  force  of  59  tons.  Although  the 
back  peeta  In  reality  euataln  a  part  of  thla 
force.  It  ta  well  to  aaeume  that  they  take 
only  the  vertical  load  of  one-half  tbe  cable 
and  the  other  ropea^  plua  loaded  akipa.  They 
are  uraaltr  of  the  lUM  >bw  aa  the  front  poets. 
A  steel  mast  la  used  for  a  tall  tower  and  the 
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polygon  NPQ  shows  a  main  cable  rssnltuit 

force  of  39.5  tons.  Tlie  polj'gon  PRZ  shows 
that  the  maat  must  sustain  a  load  of  47.5  tons, 
wliilo  the  guj  line  FT  must  have  a  tension  of 
13.5  tone.  Only  one  guy  line  Is  shown,  Tjut 
theie  are  four,  two  extending  behind  with  an 
Indnided  angle  of  about  60*  and  two  In  front 


with  an  Included  angle  of  about  ISO*.  The 

front  guys  are  Intended  to  take  the  sifle  r>ull 
when  the  traveling  tower  is  not  in  line  with 
mast  and  aneiiOTage  at  tt%  mast  end.  Thsif 
hnve  not  been  shown  on  diagram  owing  to 
complexity  which  would  arise  were  resolutions 
of  forces  In  a  Ikorlsootal  plane  added. 


THE  DUPLEX  PROCESS  FOR  STEEL 

MAKING 

By  PROF.  HENRY  M.  HOWE 

CO.NDENSED  FROM  ••BL.ECTIIOCHEMICAL,  AND  MET.\LLURGICAI<  INDUSTRY" 


The  advantage  of  the  dupln  process  whereby 
It  compensates  for  Its  dlsadTantege  of  com- 
plexity is  that  It  simplifies  the  conrtitiona  with 
Which  the  compoeiUon  of  the  pig  iron  has  to 
comply,  and  thus  leesens  the  danger  of  mak- 
ing Iron  unsuitcd  in  composition  tO  the  pro- 
cess for  which  it  was  intended. 

The  duples  process  remores  the  silicon  and 
]);irt  of  the  carbon  of  the  pig  iron  in  an  acid 
Bessemer  couTerter,  and  then  removes  the 
pbosphoroQS  and  brings  the  steel  aceorately  to 
tho  desired  composition  and  temperature  In  a 
basic  open-hearth  furnace  to  which  the  molten 
metal  Is  transfened.  How  does  this  simplify 
the  conditions  with  which  the  composition  of 
the  pig  iron  mtast  comply?  Pig  iron  for  the 
acid  Bessemer  proeess  must  be  low  In  sulphur, 
and  its  silicon  content  should  he  nearly  con- 
stant, while  that  for  the  basic  open-hearth  pro- 
osss  should  be  aa  tree  as  possible  from  silicon 
and  sulphur.  These  llmllatlons  are  very  dif- 
ficult to  comply  with,  because  most  of  the  con- 
ditions In  the  bleat  furnace  wbldi  tend  to  re* 
Etrlrt  the  sulphtir-contpnt  tend  to  raise  the 
silicon-content  By  relieving  the  blast  furnace 
manager  of  theee  limitations  the  duplex  pre- 
oess  may  be  of  service. 

The  reason  why  the  salphur-content  of  the 
pig  iron  for  the  add  Bessemer  procses  dkonld 
^e  small  Is  that  this  process  removes  none  of 
this  Impurity.  The  reason  why  the  sUicon- 
oontent  Should  be  nearly  constant  Is,  first,  that 
it  Is  essential  to  the  maklnp:  of  sound  Fteel  that 
the  temperature  at  which  the  molten  steel  Is 
east  should  be  ennetly  that  aimed  at:  and. 


second,  that  variations  in  the  silicon-content 
tend  to  cause  rarlatione  In  the  temperature  of 

the  process,  for  the  reason  that  the  combus- 
tion of  silicon  is  the  chief  source  of  heat.  It, 
Is  true  that  the  Tarlatlons  In  sUloon  are  greats 
lessened  by  the  use  of  the  "mixer,"  and  that 
the  means  of  counteracting  them  are  fairly  ef- 
fective. But.  though  the  harm  whlcb  they  do 
is  thus  lessour-d,  it  is  not  wholly  done  away 
with.  If,  as  in  the  duplex  process,  the  Besse- 
mer oonverter  Is  relieved  of  the  work  of  bring- 
ing the  steel  to  the  n<'od<'d  casting  tempera- 
ture, and  has  only  to  remove  the  bulk  of  the 
silicon  and  carbon  wlthont  reference  to  the 
temperature,  the  silicon-content  of  the  pig  Iron 
becomes  relatively  unimportant  as  regards  the 
Bessemer  end  of  the  process. 

The  reason  why  the  silicon-content  should 
be  small  in  pig  iron  for  the  basic  open-hearth 
process  Is  that  the  slllea  whtbh  results  from 
the  oxidation  of  the  silicon  corrodes  the  basic 
lining  of  the  furnace,  and  by  lessening  the 
bseldty  of  the  slag,  Intsrferes  with  the  re- 
moval of  phosphorus  and  sulphur.  The  reason 
why  the  sulphur-content  should  be  small  is 
that  the  work  of  removing  svlphnr  Is  slow  and 
costly.  But  It  the  silicon  of  the  pig  iron  Is 
removed  by  a  preliminary  treatment  in  a  Bes- 
semer converter,  then  tiie  sUloon-oontent  of  the 
pig  Iron  from  the  blast  furnace  Is  a  matter  of 
indifference  as  regards  the  open-hearth  end  of 
the  process,  and  we  have  already  seen  that  It 
becomes  of  only  minor  Importance  for  the  Bes^ 
semer  end. 

With  the  silicon-content  of  the  pig  iron  thus 


MABCU.  1M& 


Digitized  by  Google 


BALL  BEARINGS  FOR  ELECTRIC  MOTORS 


made  ralmtlTely  unlraportaiit,  the  work  of  de- 
sulphurizing In  the  blast  furnace  becomes  eas- 
ier and  more  tborough,  because  It  Is  freed 
frou  the  need  of  elnMiItkneoiulljr  eotttrofUag  the 
elllcon-contetit. 

It  we  look  at  the  matter  from  the  point  of 
▼lew  of  the  open*hewrth  proeaas.  the  prrtlmlii> 
ary  deslilclzlng  In  the  Bessemer  converter  may 
prove  profitable;  but  whether  it  will  prove 
more  profltaUe  than  deillteMiig  in  *  tegeiMra- 


ttrelr  heated  miser  rematna  to  he  proved. 

"We  naturally  conjecture  that,  if  there  is  but 
a  moderate  tendency  to  ezoeMive  aUloon-con- 
teat  the  mixer  treatment  ihonld  be  more  proA^ 
able,  because  It  would  Imply  less  loss  of  Iron 
than  the  preliminary  Beasemerislxic.  But  it 
the  •Uleon-eonteiit  la  Ukely  to  be  eateeaslve,  the 
Bcssermerlzlng  should  be  better,  because  It 
should  remove  the  excess  of  siliron  more  eas- 
ily than  the  mlw. 


THE  USE  OF  BALL  BEARINGS  ON 

ELECTRIC  MOTORS 

CONDENSED  FROM  "THE  ELECTRICAL  REVIEW,"  LONDON 


▲Ithough  there  are  now  many  reliable  ball 
bearlnsB  oa  the  market,  their  do  not  aeem  to 

be  made  use  or  on  electric  motors  to  the  ex- 
tent that  one  would  expect  when  one  considers 
the  many  advantagee  to  he  gained  hr  their  aae. 
The  principal  advantages  are  as  follows: 

1.  Decreased  Length  of  Machine. — Ball 
bearlnga  are  uenalljr  lew  than  one  diameter  (of 
shaft)  long,  while  ordinary  bearing  brasses  are 
either  two  and  a  half,  or  in  most  casee,  three 
diameters  long,  and  for  this  reaaoa  the  overall 
length  of  the  machine  can  be  decreased,  and 
consequently  a  somewhat  lighter  machine  per 
horse-power  can  be  manQfaetured. 

2.  No  Wear  on  Pearlngs.- -Owing  to  the  ac- 
curacy to  which  the  balls  can  now  be  made,  and 
the  races  can  he  maofained  and  to  the  hardness 
of  the  balls  and  rnro^-,  theie  la  practlGalljr  no 
wear  in  these  bearings. 

For  this  reason,  these  bearings  seem  to  be 
the  ideal  bearing  for  hand-wound  closed-slot 
Ibduction  motors,  where  the  air-gap  Is  often 
out  down  as  fine  as  0.025  in. 

3.  No  on  in  Bearings. — Ball  bearings 
should  be  filled  with  grease,  and  they  will  then 
run  for  months  without  any  attention,  whereas* 
with  an  ordinary  bearing  using  oil  lubrication, 
the  bearings  have  to  be  Inspected  at  frequent 
intervals  to  see  that  the  oil  is  up  to  the  proper 
level  for  the  oil  rings  to  pick  up  the  oil.  More- 
over, there  is  always  present  the  trouble  of 
oil  creeping  along  the  shaft  into  the  armature. 

4.  Less  Starting  Resistance. — Owing  to  the 
Tery  small  f^lctlonal  losses  the  resistance  to 
starting  up  of  a  machine  fitted  with  ball  bear- 
ings Is  much  less  than  in  a  machine  fitted  with 
ordinary  bearings,  and  consequently  the  car- 
rent  required  to  start  up  is  less.  The  coef- 
ndent  of  friction,  unlike  that  of  ordinary  bear- 


ings, is  not  higher  at  starting  than  when  run- 
ning at  the  working  q>eed. 

5.  Increased  Efficiency.- — Owing  to  the  fric- 
tion in  ball  bearlnga  being  very  small,  a  nota- 
ehlne  fitted  with  them  irill  give  a  better  efllo> 
lency  than  one  fitted  with  the  ordinary  bear- 
ings, and  as  an  increase  of  efficlenoy  of  only 
1  per  cent,  means  a  good  deal  vheii  a  naehlne 
is  in  constant  niOf  this  la  rather  an  Important 
advantage. 

The  eoefltetont  of  frtetlon  for  a  oontUraondF 

lubricated  bearing  is  about  O.OB,  while  for  a 
ball  bearing  it  is  0.0012  to  0.0018,  and  this  is 
not  sOeeted  to  any  extent  by  the  ilae  of  the 
baH"  or  the  number  of  revolutions  per  minute. 

ball  bearings  have  been  applied  with  great 
success  to  dynsmos,  grinding  and  wood-work* 
Ing  machinery,  all  of  which  run  at  high  speed. 
Machines  fitted  with  them  have  been  running 
satlafaetorUy  for  yearn  at  10,000  to  12,000 

r.p.m.,  and  the  sam»  mav  be  Bald  of  line  shaft- 
ing 4  ins.  to  G  ins,  diameter,  and  running  at 
r<00  to  1,200  r.p.m.  Furthermore,  these  bear> 
lng3  have  been  fitted  to  ventilating  fans  of  up 
to  15  tons  weight,  and  a  periphery  speed  of 
330  ft.  per  second. 

Too  great  stress  cannot  be  laid  upon  the  im- 
portance of  having  the  balls  absolutely  correct 
to  standard  both  in  diameter  n  ii  sphericity 
(within  one  ten-thousandth  of  au  inch),  as  with 
hard  steel  balls  running  between  hard  steel 
races  it  is  of  vital  Importance  that  the  load 
should  be  equally  dlstrlbnted« 

The  races  should  be  grooTOd  and  the  onrra- 
ture  of  the  srroove  should  represent  the  arc  of  a 
circle  somewhat  larger  than  that  of  the  balls. 

Too  much  Importanee  Is  often  attached  to 
the  crushing  load,  which  Is  ajit  to  be  misleail- 
ing,  because  although  a  ball  will  not  absolutely 


MAHCH.  i&os. 


262 


THE  ENGINEERING  DIGEST 


crush  to  pieces  until  this  load  la  reached,  it 
win.  If  thp  pressure  is  rel«»;iscd  at  about  half 
the  ullluiate  crusbiug  luud,  be  fuuud  that  the 
ball  ti  In  two  pleoea.  However,  with  regard  to 
the  crufitilnp  strenprth  of  balls,  it  may  be  said, 
that  all  thJDgs  being  equal,  it  increases  pro- 
portionately as  the  square  of  the  diameter. 

With  regard  to  the  safe  load  on  balls:  from 
tests  made  at  the  "Central  Institute  for  Tech- 
nical Investigation"  at  Nev  BabelHbery,  the 
enfe  load  for  belle  running  on  rounded  surfaces 
»  44  ds  when  d  —  diameter  of  ball  in  eighths 
of  an  inch:  for  plain  or  conical  surfaces  tbe 
load  must  be  smaller,  and  sbould  not  exceed 
about  one-flttb  the  formula  value. 


It  should  be  borne  in  mind  that  the  permis- 
sible load  1b  related  to  the  speed  at  which 
the  bearings  run,  and  as  the  number  of  revo- 
lutions per  minute  la  Increaeed  lo  muat  the 
load  be  reduced. 

The  following  table  gives  dimensions  and 
safe  loads  at  various  siteeds  for  same: 
Shaft  Ball     No.      — Safe  Load  in  Lbs.— 
diam.  diam.    of     500     1,000     2,000  4,000 
In  Ins.  la  Ins.  balls,  r. p. m    r.p.m.    r.i^.m.  r.p.m. 

1  %  8  900  720  575  460 
1%     »/,e    8     1-700     1,360     1,090  850 

2  %  9  2,600  2,000  1.600  1,250 
2^      %    9    3.500    2.800    2,240  1.750 

3  19    5,000    4.000    8.200  2.S0O 


HEAT  STRESSES  AND  THE  FORMATION 

OF  CRACKS 

By  CARL  SULZER 

CONDBNSED  FROM  "THB  B0U.B1R  MAK£R" 


Thr  question  of  the  formation  of  cracks  in 
Iron  and  steel  by  heat  stresses  has  been  widely 
dlseneeed.  eepedally  In  Che  case  of  steam  holler 

construction.  There  is  frequently  doubt  con- 
cerning the  nature  of  the  origin  and  tbe  act- 
Ion  of  sueh  streeeee  and  ooncemlnff  the  true 

reason  for  the  formation  of  tht-*  rracks.  Lack- 
ing any  other  satisfactory  explanation  one  is 
Inclined  to  ascribe  the  cause  of  inch  occur- 
rences either  to  the  material  and  its  chemical 
composition  or  to  the  design  of  the  boiler,  or 
perhaps  to  Its  construction.  One  or  the  other 
of  these  reasons  enters  Into  a  great  many  cases 
in  a  greater  or  less  degree,  but  it  is  certain 
that  cracks  have  formed  where  no  known 
reason  will  suffice  for  an  explanation,  where 
material  has  failed,  which  fultllls  ull  specifica- 
tions, where  the  design  of  the  boiler  Is  above 
criticism  and  where  its  construction  has  been 
proved  excellent. 

The  object  of  this  article  is  to  describe  one 
euch  case  which  offers  a  striking  example  of 
the  formation  of  cracks  by  heat  strcsaes,  and 
for  this  reason  it  is  necessary  to  try  to  explain 
more  fully  the  action  of  such  Btresses.  For  this 
purpose  a  well-known  case  of  crack  formation 
as  It  occurs  In  east  iron  might  be  briefly  men- 
tioned. 

Let  us  consider  the  conditions  during  the 
casting  of  a  double-walled  cylinder.  It  fre- 
quently happens  that  while  the  casting  is  cool- 


ing:, the  outer  part  of  the  mold  is  destroyed 
and  the  outer  wall  of  the  casting  left  partially 
uncovered,  while  the  inner  core  has  not  been 
removed.  The  outer  wall  Is  thus  cooled  much 
more  quickly  than  the  Inner  one.  This  cool- 
ing of  the  outer  wall  causes  a  certain  decrease 
in  the  length.  Since  the  inner  wall  Is  still  in 
a  moldable  condition  it  offers  no  satisfactory 
resistance  to  the  premature  shortening  of  the 
length.  On  account  of  Its  connection  at  both 
ends  with  the  outer  wall  It  Is  forced,  during 
the  remaining  time  the  metal  Is  oontraetlng. 
to  withstand  a  compressive  stress  which  may 
exceed  the  elastic  limit  of  the  material.  After 
tbe  temperature  of  the  outer  wall  approaches 
that  nf  the  ntmosphere,  the  wall  gradually 
(oriiiH  II  rigid  frame,  within  which  the  inner 
wall,  which  is  still  hot,  must  cool  and  contract. 
Therefore,  longitudinal  stresses  are  set  up  In 
the  latter,  which,  under  certain  conditions, 
may  cause  a  fracture  or  dreumferentlal  cracks 
In  the  inner  cylinder. 

The  formation  of  the  cracks  begins  as  soon 
as  the  linear  contraction  within  fixed  polnte 
Is  equal  to,  or  greater,  than  tbe  ductility  of  the 
metal.  The  linear  expansion  of  cast  Iron,  due 
to  a  difference  uf  temperature  of  ISO'  F.,  Is 
usually  assumed  to  be  .001  of  its  length.  On 
the  other  hand,  the  breaking  elongation,  as- 
suming a  modulus  of  elaatirity  of  14,220,000 
Ihs.  and  a  mean  tenet'e  strength  of  about  21.* 
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too  llw.  per  aq.  In.,  and  alao  aaramlnc  that  the 
elonsatlon  Is  proportional  up  to  the  breaking 
polnt»  to  about  .0016  ot  the  length  of  the  bar. 
Therefore,  tt  to  eTtdent  that  !n  the  caae  ot 

cast  Iron,  a  fracture  will  occur  with  a  decreaae 
of  temperature  of  about  270'  F. 

To  proTe  tUe  statement,  the  Collowing  w- 
perimeot  may  be  performed.  Heat  a  bar  of 
OMt  iro&i  preferably  in  an  oil  bath,  to  about 
too*  P..  and  ptooe  It  In  a  rigid  frame,  with 
its  ends  fixed  In  position  and  entirely  free  from 
stress.  The  bar  will  break  after  It  has  cooled 
■o  that  ita  temperatvre  bae  dropiped  irom 
about  360°  to  about  90°.  To  avoid  these  harm- 
ful stresses,  especially  in  large-sized  steam 
cylinders.  It  Is  customary  to  construct  the  outer 
shell  and  the  Inner  working  cylinder  separately 
and  afterwards  join  them  together  by  Bhrink- 
Ing.  Since  the  working  cylinder  is  in  contact 
•with  steam  on  both  aides,  it  rises  *n  n  higher 
temperature  tbau  the  outer  shell,  and  so  its 
connection  to  the  outer  shell  must  be  such 
that  it  is  free  to  expand  in  a  loDRltudlnal  dl- 
rectloo>  In  cases  where  this  is  not  done,  where 
the  oonneetion  is  rigid  at  both  ends,  cracks  are 
formed,  due  to  the  repeated  thrusts  of  the 
Inner  cylinder.  Also  Inaccurate  measurements 
in  allowing  for  the  shrinking  operation  are 
liable  to  cause  the  addition  of  longitudinal 
eraeka  in  the  outside  shell. 

While  cracks  in  cast  iron,  due  to  the  con- 
dittona  Just  stated,  can  usually  be  quickly 
aeen,  thla  to  not  the  caae  with  the  tougher  mild 
steel.  There  such  cracks  are  only  formed 
gradually,  and  frequently  repeated  action  ot 
tliaaa  deatmetlve  atreaaaa  to  neoaaaary  until 
Hoally  the  ftexlhle  uateriat  glvea  way. 


The  writer  tnTestigated  a  typical  case  ot  this 

kind,  where  n.  flre-tiihe  holler  fallorl.  This 
boiler  has  been  forced  far  beyond  its  normal 
capacity  for  a  long  Ume.  Craeka  appeared  In 
the  boiler  plate  which  were  not  due  to  tensile 
stresses  due  to  steam  pressure.  Assuming  a 
dlflwenoe  In  temperature  of  between  800*  and 
720*  F.,  an  elastic  limit  for  the  material  for 
tension  and  oompression  of  22,000  lbs.  per  sq. 
la.  and  a  modulus  of  elastldty  ot  S8.400,000 

lbs.,  the  expnnslon  will  amount  to  0.00075  of 
the  length.  The  sum  of  the  expansion  and  con- 
traetloa  (0.0016  ot  the  tength)  to  equal  to  the 
Hnoar  expansion  due  to  the  difference  In  tem- 
perature. Since  the  coefficient  of  expansion  of 
mild  steel  tor  the  difference  in  temperatjire, 
ISO'  F.,  amounts  to  about  0.0015  of  the 
length,  therefore  when  the  difference  in  tem- 
perature reaches  180°  F.,  the  boiler  plates  are 
stressed  beyond  their  elastic  limit  for  tension 
or  compression.  A  higher  difference  in  tem- 
perature caiiHes  a  corresponding  excess  amt 
the  elastic  limit  and  a  frequent  repetition  of 
this  occurrence,  without  doubt,  leads  to  the 
gradual  formation  of  cracks. 

The  question  arises  whether  steel  makers 
cannot  produce  boiler  plate  which  will  better 
wlthstantJ  such  an  excessive  strain.  The  fore- 
going facts  show  that  a  better  material  in  the 
sense  of  being  better  able  to  resist  such  stresses 
should  have  a  higher  elastic  limit  or  smaller 
modulus  of  elasticity.  A  decrease  in  the  modu- 
lus ot  elasticity  is  equlTslent  to  decreasing  the 
tensile  strength  of  a  material  which  has  a  cer* 
tain  ductility  or  percentage  elongation.'— 
Translated  from  the  "Zeitsdirltt  des  VeralneK 
Deutaeher  Ingenieure." 


an  electrical  thermometer  for  measuring  gas-engine 

temperatures' 


Profeaaora  H.  1*.  Callendar  and  W.  B.  Dalby 

dcBcrlhed  In  a  paper  recently  road  before  the 
Royal  Society  a  form  of  platinum  thermometer 
which  measures  directly  the  temperature  of 
the  gas  In  the  cylinder  of  a  gas  engine  at  some 
one  point  of  the  cycle.  In  order  to  avoid  un- 
certain corrections.  It  Is  necessary  In  any  at- 
tempt on  this  problem  to  employ  wires  fine 
enough  to  follow  the  changes  of  temperature 
Ot  the  gas  very  closely  during  suction  and 
compression.  Tf  such  a  wire  he  employed 
under  working  conditions,  it  must  be  perfectly 
screened  from  the  flame  during  explosion.  The 
arrangement  designed  by  the  authors  la  aueh 


as  to  Introduce  the  thermometer  Into,  and 

withdraw  it  from,  the  cylinder  at  the  proper 
Instants,  and  to  do  this  without  making  any 
change  In  the  uaual  form  and  extent  ot  the 
clearance  surface  during  the  time  Interval  com- 
prising the  end  of  compression.  The  thermo- 
meter Itself  constoted  of  a  loop  of  ptaUnum 

wire  0.001  Inch  in  diameter  and  1  inch  long, 
and  a  compensation  loop  of  similar  wire  was 
provided  to  eliminate  the  end  effects  arising 
from  conduction  to  the  leads.  The  current 
employed  in  measuring  the  change  of  resist- 
ance (which  was  praetleally  1  ohm  for  100* 
C.  rise)  was  about  1/200  ampere.   Thto  tber- 
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mometrfe  arrangem«iit  was  eontalned  In  a  amall 

valve  inserted  through  the  spindle  of  the  ad- 
mUftlon  valve,  wblcli  was  bored  out  to  receive 
tt.  This  tbennomoter  rmVn  was  tntrodneed 
Into  the  cylinder  by  a  cam  operatod  by  a  sim- 
ple gear.  In  order  to  measure  tlxe  tempera- 
ture at  a  deflnlta  point  of  the  crele.  a  pertodle 
coutact-maker  was  inserted  In  the  testing  bat- 
tery circuit.  This  consisted  of  two  cams  on 
the  same  asle  and  two  brushes.  The  shap«  ot 
each  cam  was  a  flat  spiral,  which  lifted  the 
corresponding  springy  brush  away  from  the  axis 
as  the  shaft  rotated,  and  the  fliyirala  eadi  ter> 
mlnated  with  a  step  which  allowed  the  brushes 
to  fall  suddenly.  The  steps  were  staggered  in 
angle,  so  that  th«  broahM  tall  at  dlBsfeint  in« 


stants.    As  one  side  of  the  eleetrleal  centaet 

was  carried  by  one  brush,  ami  the  othrr  side 
of  the  contact  by  a  projection  on  the  second 
hntrii.  br  Mtttng  the  cans  Initially  at  thn 
proper  angle,  any  desired  period  of  contact 
could  be  brought  about  at  any  desired  point 
of  the  ga»«nglne  Cifde.  This  method  has  the 
advantage  that  It  can  be  applied  Ti,-1*hoi;t  lim- 
culty  to  any  existing  engine  by  simply  making 
a  special  admteiOB  valve.  It  to  abaolntely  neiv 
essary  In  Kuch  Investigations  that  the  engine 
should  repeat  a  perfectly  regular  cycle  at  each 
explosion.  No  resnlts  of  any  valae  can  be  ob- 
talned  with  a  hlt-and-mlra  governor  in  opera- 
tion, because  the  conditions  vary  too  greatly 
firom  stroke  to  stroke. 


THE  ADVANTAGES  OF  PRODUCER  GAS-FlRlNG 


The  iiM  of  producer  gas.  In  place  of  dixeet 
firing  with  coal,  preaents  the  followlnc  advan- 
tages: 

Even  with  the  lowest  grades  of  bituminous 
fuels  a  complete  and  praetleaUy  amokelesa 

combustion  is  obtained. 
The  temperature  la  easily  regulated  and 

Icept  constant  and  fhr  waste  heat  of  the  prod- 
ucts of  combustion  can  bu  uUllzed  fur  pre- 
heating tilie  combustion  air  or  the  gas, 
whereby  a  cooalderaUe  saving  in  fuel  la 
effected. 

A.  slight  excess  of  either  air  or  gas  can  be 

used,  If  so  desired,  for  obtainlnK  an  oxidizing 
or  reducing  flame,  which  Is  of  opeclal  Import- 
ance to  the  chemical  industries. 

The  material  to  be  heated  does  not  come 
in  contact  with  the  solid  fuel  or  ashes.  Hence, 
for  Instance,  in  using  gas  In  a  limeliiin,  a 
purer  product  will  be  obtained  than  with  direct 
tiriag.  la  using  producer  gas  under  a  boiler 
the  life  of  the  latter  will  be  prolonged  on  ac- 
count of  the  purity  and  uniformity  of  the 
flame. 

Less  skill  Is  required  for  taking  care  of  a 
gas-fired  Installation  than  of  a  direct  lire. 

Producer  gas-firing  is  especially  adapted  for 
central  stations,  as  the  gas  produced  in  one 
producer,  or  la  a  battery  of  produoers,  can  be 


distributed  through  pipes  to  n  large  number  of 

furnaces. 

Reverberatory  furnaces  &tq  widely  used  in 
the  industries  for  melting,  glowing,  roaatlng 
and  various  chemical  and  metallurgical  opera- 
tions. Most  of  these  furnaces,  however,  are 
at  present  still  heated  by  direct  firing,  cftue- 
Ing  a  great  waste  of  fuel. 

By  providing  such  furnaces  with  producer 
gaa-flrlng,  a  saving  of  30%  in  fuel  is  effected. 

The  manufacture  of  cement  affords  the  oc- 
casion of  generating  high  temperatures  with- 
out complicated  preheating  apparatus,  as  In 
this  kind  of  work  the  large  amount  of  sensible 
boat  of  the  incandescent  clinker  can  be  suc- 
cessfully used  for  preheating  the  air  up  tO 
800-810°  P.  The  air  (of  800"  F.).  coming 
in  contact  with  the  hot  gas  as  It  leaves  the 
producer,  combines  with  the  latter,  generating 
a  temperature  of  2,070°  F..  the  same  tempem- 
ture  as  Is  obtained  by  coal  dost  firing.  At 
this  temperature  the  reaction  of  the  cement 
formation  is  starting,  generating  heat  and  in- 
creasing the  temperature  to  2,700*  F.  The  ad- 
vantages of  producer  gas  for  cement  kilns  as 
compared  to  coal  duat  firing  are:  doing  away 
with  the  expensive  eoat-pulverlting  plant, 
cleaner  finlsht'd  proiluct  and  saving.— Dr. 
Oskar  Nagel.  in  "Cassier's  Magazine." 
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THE  DESIGN  OF  STRUTS 

B»  W.  E.  LILLY,  M.  A,  M.  A.  L,  O.  Sc. 

CONDENSED  FROM  "ENOINEBIRINO" 


Ihe  fall  ore  of  the  lower-chord  members  ot 
the  uidior  arm  tn  the  Qa«b«e  Bridge  dtattster 

has  drawn  the  attention  of  engineers  promin- 
ently to  the  qaestlon  ot  the  etrength  o£  struts, 
and  the  preeent  tine  maj  he  cooaidered  op- 
portune for  examlnlnff  the  prlndplea  underly- 
ing their  design. 

The  problem  InrolTed  ta  the  design  of  a 
strut  Is  UBually — given  a  certain  load  and 
length — ^to  determine  its  cross-eectlon.  Now 
the  cfose  coctlon  InTOlves  Ita  area  and  Che  ra- 
dius of  gyration,  and  thus,  Indirectly,  of  Its 
figure  or  shape,  and  the  thickness.  It  is 
strange  that  among  the  many  'writers  on  strata 
tnt  little  Information  Is  given  as  to  the  rela- 
tive advantages  of  different  figures  or  shapes 
of  the  eroBS-eeetlon,  and  eearoely  any  refWenoe 
Is  made  as  to  what  the  economic  proportions 
ot  the  thickness  to  the  radius  of  gyration  of 
the  eroaMeoUmi  alumld  be. 

The  formulas  In  general  use  do  not  take  Into 
consideration  the  ratio  to  be  adopted  between 
tbeee  qaantltlee.  Whether  the  erono  eecMon  ot 
the  strut  be  solid,  or  of  large  diameter  and 
small  thickness,  the  same  formulas  are  sup- 
posed to  bold  trne  in  ^tlmatlng  its  strength, 
and  It  Is  due  rather  to  the  eye  of  the  designer, 
than  to  reasoning  based  on  theory,  that  the 
proportions  |n  common  use  bare  been  arrived 
at:  or,  In  other  words,  the  designer  assumes 
empirically  some  values  which  seem  most  suit- 
able under  the  circumstances. 

Considered  from  the  theoretical  point  of 
view,  there  ia  for  every  strut  of  given  length 
and  load  a  definite  area  and  radius  of  gyration, 
and  thus,  indirectly,  a  definite  thickness,  for 
the  most  economical  cross-section,  and  any  de- 
parture from  theae  proporttons  Inrolves  waste 
ot  material. 

For  instance,  take  the  case  of  a  hollow  mild- 
steel  strut  of  circular  cross-section;  if  the  diam- 
eter Is  great,  and  the  thickness  small,  the 
strat  falls  by  wrinkling  of  the  rides  or  by  sec* 
ondary  nexure;   If  tho  diameter  Ls  small  and 

the  thickness  great,  it  fails  Vy  primary  flexure, 
or  bending;  hence  It  follows  that  for  some  par- 
ticular diameter  and  thickness  It  will  fall 
'enttally  by  secondary  or  primary  flexure.  A 

s 


column,  in  which  the  length,  diameter,  and 
thlofeBectt  are  ao  proportioned  aa  to  obtain  tills 

result,  is  called  an  economic  column,  and  the 
load  It  will  carry  for  a  given  quantity  ot  ma- 
terial la  a  maadmnm. 

Dnrlnp  the  past  three  years  experiments 
have  been  carried  out  in  the  engineering  lab- 
eratoiy  of  Trlnlt?  Oollege.  DttbUn.  with  a  view 

of  determining  experimentally  the  conditions 
under  which  failure  takes  place  in  a  strut 
etUier  by  primary  or  eeoondary  flemre.  and 
thus  Indirectly  to  obtain  some  definite  infor- 
mation ot  the  beat  ratios  of  diameter  to  thick- 
ness to  be  adopted.  A  detailed  desertptloii  ot 
thr-  experiments,  together  with  a  proposed  mod- 
ified formula  for  struts,  was  published  in  the 
Prooedtnga  of  the  tnatltntlon  ot  Medmnleal  En> 
gineers,  1905,  and  of  the  institution  ot  Civil 
Engineers  ot  Ireland,  19U6.  it  was  then  shown 
that  some  remarkable  wave  phenomena  ooonr 
in  connection  with  secondary  flexure,  and  snl)- 
sequently  that  the  analysis  of  the  waves  ad- 
mitted of  being  rimpty  ^pressed. 

From  the  experiments,  and  also  from  the 
analyslB,  of  these  waves  It  was  found  that  the 
wave  length  varied  as  the  square  root  of  the 
area  of  the  cross-section.  This  result  leads  to 
the  foHowing  equation  for  the  limiting  load:— 
P 

t  rr.   

1  +  k  ^»  t   (1) 

where 

f  a  the  limiting:  load  in  pounds  per  square 
inch  on  a  column  of  one  wave- 
length. 

F  B  the  strength  to  compression  ot  the 

material  In  pounds  per  square  Inch, 
k  1*  a  constant  =  %  for  mild  StMl  —  1/10 

for  wrought  Iron, 
p  ■>  the  radf ns  o(  gjratlam  at  the  drenlar 

cross-section  ot  the  colnnm  abont 

a  diameter, 
t  =  the  thickness  of  the  etrenlar  erow* 

section. 

For  circular  sections,  which  approximate  to 
a  solid  bar,  the  value  [  (p/t)  —  0.S]  should  be 
used  for  p/t  ;for  the  usual  secUotta  in  praetlee 
the  0.5  is  negligible. 
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The  above  formula  witb  the  constsntB  as 
given  applies  to  circular  sections,  further  ex- 
periments on  square,  trtangular,  and  other 
symmetrical  fig^ures  show  that  tbe  form  of  the 
formula  la  correct,  the  coefflclent  "k  having  a 
partioular  value  for  each  figure,  and  the  values 
■o  far  obtained  Indicate  that  the  value  of  k  la 
always  groator  thun  for  the  circular  sections. 

The  Ranklne-GordoD  formula  for  struts  is: 

t 

p-  P/A   <2) 

1 X  c  iwy 

where 

t  =  about  two>tblrdB   the  commwetve 

strength  of  the  matprial;  for 
wrought  iron  —  36.000  lbs.  per  sq. 
ta. 

A  »  area  of  the  crota-eectlon,  in  SQuaM 

inches. 

c  mm  1/9,000  for  struta  with  nrand  ends. 

=  1/nG,000  for  struts  with  fixed  «nda. 
1  ^  length  of  strut,  in  luch^ 
p  a  tmdlna  of  gyration.  In  inehei. 
P  =  total  load  on  strut,  in  pounds, 
p  s=s  load  per  square  inch  on  struts,  in 
ponsdi. 

From  the  inspection  of  this  formula  it  irUt 
be  noted  that  the  following  conditions  are  sup- 
posed to  hold  true,  that  the  strength  of  the 
•tntt  1e  propurtional  to  Its  sectional  area,  the 
other  terms  being  supposed  constant:  also  that 
any  arbitrary  value  of  p  can  be  assumed,  and 
tiMrefore  any  ratio  of  p/t  without  affecting  tbe 
strength  of  the  strut.  It  will  be  evident  from 
the  Investigation  on  the  effect  of  seoondary 
flexure  that  these  conditions  do  not  hold  true, 
and  therefore  tbe  formula  requires  modiflcai> 
tlon  in  this  respect. 

Referring  back  now  to  equation  (1),  the 
value  of  t  has  been  shown  to  depend  on  the 
deformation  due  to  secondary  flexure,  and  not 
upon  the  strength  to  romprcssion  of  the  ma- 
terial. The  arbitrary  constant  f  in  the  Ran- 
klne-Qordoo  formulft  tkiiB  b«oo»«s  a  variable^ 
and.  on  anbstttutloa  o(  tbe  value  obtained  for 


t  la  equatton  (1>,  the  loUowtnf  modlfted  torn* 

nla  to  obtained: 

P  F 

ps' — as  (8) 

A     1  +  k  p/t  +  c  (1  >)' 

From  a  careful  comparison  of  the  published 
tests  on  soltd  columns,  the  value  obtained  for  c 
is  T '4  000  nearly;  also  from  the  experiments 
on  secondary  flexure,  tbe  deduced  value  of  k 
tor  mild  steel  te 

The  failure  of  the  lower  chord  member  of 
the  Quebec  Bridge  is  to  be  attributed  to  the 
bad  disposition  of  the  material  In  the  eross- 
secfion  of  the  strut.  If  the  same  material  had 
been  distributed  in  the  form  of  a  stiffened 
hollow  square  or  a  circle.  It  would  have  carried 
the  ralrnlated  stress  with  safety,  although  thO 
factor  of  safety  would  have  been  small. 

The  published  formulas  nsad  la  designing 
the  rompresslon  members  of  the  Quebec  Bridge 
do  not  in  any  way  take  into  consideration  the 
flgure  of  the  eroasaoetlon  of  tbeae  members; 
and  moreover,  the  forms  of  the  formulas  are 
open  to  criticism,  not  being  based  on  the  usu- 
aniHMoepted  theorr  of  itaniro.  The  values  ob- 
tained from  their  use  would  certainly  not 
agree  with  those  obtained  from  a  large  range 
of  experiments;  within  the  ordinary  practical 
ratios  of  \/p  from  JO  to  80.  the  values  obtained 
would  be  fairly  approximate,  but  their  use 
could  not  with  aafolgr  be  extended  bojrofid  th«M 
values. 

The  experimental  work  on  which  the  views 
put  forward  In  this  article  have  been  based  has 
been  mostly  carried  out  on  small  sections;  this 
has,  of  necessity,  been  the  case  owing  to  the 
small  size  of  the  testing-machine  in  the  engi- 
neering laboratory  of  Trinity  College.  Dublin, 
and  the  want  of  a  sufficient  endowment  for 
carrjrlng  on  research  work.  The  phenomena 
accompanying  aeoondary  floxare  have  a  very 
great  influence  on  the  economic  dedgn  of  gird* 
era.  beams,  struts,  and  other  engineering  struo- 
tures;  and  it  is  to  be  hoped  that  money  will 
bo  found  for  carrying  on  resoardi  work  In  thia 
direction. 


DEVICE  FOR  ILLUMINATING  HARBORS 


C0NDBN8BD  FROM  "THB  ILUmiNATINO  BNOmBBR" 


An  Ingenious  device  Tor  illnminating  harhor.s 
and  waterways  has  recently  been  patented  by 
Mr.  Ij.  Dion,  of  Wllkeebarre.  Pa.   It  consists 

of  a  cable,  haviug  connected  at  intervals  short 
branches  to  which  are  attached  incandescent 


electric  lamps  fitted  with  reflectors  which  will 
concentrate  the  light  into  parallel  beams  as 
nearly  as  possible  and  send  It  upward.  Tiio 

lamp  and  renector  are  made  stiffldently  hnoy- 
nnt  so  that  they  will  maintain  an  upright  posi- 
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DION'S    'SUBAQUEOrS"    SYSTEM    OF    HAKDOR  LIGHTING. 


tlon.  The  cable  thus  equipped  Is  then  laid  in 
the  proper  position  in  the  waterway  to  be 
lighted  up,  and  connected  with  a  source  of 
electric  supply  from  shore.  The  illustration 
will  give  a  clear  idea  of  the  method.  The 
course  of  the  channel  will  thus  be  marked  out 
by  brilliantly  lighted  spots  on  the  surface  of 
the  water.  It  is  a  well-known  fact  that  even 
the  highest  waves  do  not  produce  any  disturb- 
ance a  very  short  distance  below  their  own 
depth.  The  cable  with  its  connected  lamps 
will  therefore  always  be  In  practically  still 
water. 

The  only  condition  under  which  this  system 
would  seem  to  be  unavailable  would  be  where 
the  water  might  be  turbid.  In  ocean  harbors 
or  roadsteads  there  is  apparently  nothing  in 


the  way  of  its  successful  emplojrment,  and 
this  is  the  view  taken  by  numerous  naval  and 
navigation  authorities  of  the  highest  rank. 
An  important  feature  of  this  system  is  the  fact 
that  it  offers  as  good  guidance  in  the  densest 
fog  as  in  perfectly  clear  weather.  Fog  and 
wind  practically  never  occur  together,  and  the 
beam  of  light  would  therefore  project  from 
the  level  surface  of  the  water  up  through 
the  fog.  By  the  use  of  a  water  telescope, 
which  is  a  tube  having  an  observation  glaa» 
that  can  be  dropped  beneath  the  surface  of  thA 
water,  or  by  the  provision  of  a  bullseye  in- 
serted in  the  hull  of  the  vessel  below  the 
water  line,  it  would  be  possible  to  guide  the 
ship  without  reference  to  the  surface  light 
on  the  water. 


SPECIFICATIONS  FOR  IRON  AND  FUEL* 

By  RICHARD  MOLDENKE,  Ph.  D. 

Since  the  relative  proportions  of  combined        For  ordinary  machinery  castings  (gray  Iron) 

and  free  carbon  may  in  a  great  measure  be  the  pig  iron  used  as  part  of  the  charge  should 

controlled  through  the  silicon.  It  is  generally  contain: 

Bufilcient  to  specify  the  maximum  allowable  «  ^  _ 

 ,  ^    .  -.,i„»,„,  ,.K^o„i,„^.,„  on,i  Sulphur,  not  more  than  0.05% 

percentages  of  sulphur,  phosphorus  and  man-  ' 

•F«>no«a  Phosphorus,  not  more  than  0.50% 

ganese.  «  ..a—.. 
  Manganese,  not  more  than  0.60% 

•Presented  at  th«  December  CO")  meeting  of  the  Amcr-  .         .  .     ,  _        „  •«  j 

lean  Society  of  Mechanlcnl  EtoKlneere.  Silicon,  from  0.  (  0%  to  1.50%,  as  speciflea. 
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Tw  omllwbto  GutlngB  (white  Iron)  tba  vlf 
Iron  iMod  alioald  c»tttaln: 

Sulphur,  not  more  than  0.04  % 

PhoBphoruB,  not  more  than  0.225% 

MaagaMsa.  not  man  tban  0.<0% 

aiUocMi.  fron  0.7fi%  to'l.505i,  aa  apeelflad. 

A  variation  of  10%,  either  way,  from  til* 
above  figures  may  be  allowed. 
What*  Ught  caaOaga  are  daalrad,  aa  tor 

■toves  and  art  work,  the  phosphorus  Is  speci- 
fied at  1.00%  and  over,  and  the  stUcoa  oftea  as 
hl^  aa  3.26%*   Similar  apedflcations  may  be 

prepared  to  cover  the  rest  of  th^  1"^  Mthcr  dts 
Unct  grades  of  cast  iron,  with  their  mare  thau 
40  variations. 

To  enable  foundrymen  unacquainted  with 
the  metallurgy  of  cast  iron  to  buy  intelligently, 
the  American  Sodetjr  for  Teettng  Materials, 
through  Its  committee  on  spedflcatlons  for 
foundry  iron,  prepared  schedules  designatlnR 
the  composition  of  the  verjr  deceptive  but  well 
known,  old  grade  numbers.  Thua  Noa.  1,  2,  3 
and  4  are  to  contain  2.75,  2.26,  1.76  and  1.25% 
of  silicon,  respectively,  fracture  appearances 
being  disregarded.  Sulphur  Is  specified  at  leas 
than  0.035,  0.045.  0.066  and  0.065%.  respect- 
ively, when  estimated  volumetrlcally,  with  an 
allowance  of  one  hundredth  more  in  case  the 
gravtmetrlo  method  la  employed.  A  variation 
of  10*Y  of  silicon,  either  way,  from  the  above 
Agures  is  allowed:  and  the  sulphur  may  vary 
0.02%.  A  defldenev  of  over  10%  and  under 
20';  docs  not  load  to  rejectlnii,  but  entails  a 
penalty  of  4%  in  price.  This  Is  eminently  fair, 
and  protects'  manntactnrer  and  foundryman 
Alike. 

'  Ordinary  foundry  operations  require  as  fuel 
anthracite,  coke  and  soft  eoal,  while  produeer 

Kas.  natural  gas  and  oil  are  employed  in  the 
special  brass  furnaces  and  the  open-hearth  for 
steel  and  high  grade  Iron.  Neeeestty  for  aped- 
tlratloii  is  confined  to  bituminous  coal  and 
coke,  and  In  the  case  of  the  former  only  the 
sulphur,  and  occasionally  the  aah,  demanda  at- 
tention. It  may  be  statod  that  no  coal  con- 
taining more  than  27o  of  sulphur  should  be 
need  in  the  foundry,  and.  preferably,  th« 
amount  of  this  Impurity  should  be  llmltod  to 
1%.  Similarly,  the  ash  should  bo  limited  to 
10%. 

The  omploynient  of  coke  demand:;  clogor  at- 
tention to  moisture,  to  the  remaining  volatile 
natter,  fixed  carbon,  aulphnr,  aab  and  aomo* 


timee  phoaphorna.   Uanally,  however,  the  anl* 

phur,  ash  and  fixed  carbon  are  sufficient  to 
give  a  fair  idea  of  the  value  of  coke,  apart 
from  Ita  pbyaieal  atmetttre,  apeeille  gravity. 

etc.  The  advent  of  by-product  coke  will  nec- 
essitate closer  attention  to  moisture.  Bee-hive 
oohe,  when  ahlpped  In  open  can  where  it  ab> 

sorbs  much  moisture,  may.  through  Inatten- 
tion, cause  the  purchase  of  from  6  to  10  %  of 
water  at  coke  pricea. 

In  good  coke,  the  amount  of  sulphur  should 
not  exceed  1.2%,  not  over  11%  of  ash  and  over 
86%  of  fixed  carbon. 

Limestone  to  be  used  for  fluxing  should  be 
as  rich  as  possible  in  carbonate  of  lime,  for 
each  unit  of  silica  tranaformed  into  slag  exacts 
its  equivalent  of  lim"  and  roke.  Oyster  shells 
form  a  most  desirablt;  Uui,  and  fluorspar  tends 
to  thin  the  slag. 

Use  of  the  modern  ferro-alloys  will  event- 
ually be  limited  to  the  richer  grades.  It  is 
wasteful  to  employ  a  rich  alloy  in  the  cupola; 
but  in  the  ladle,  removed  from  the  further  ap- 
plication of  heat,  the  smaller  bulk  of  the  richer 
alloy  causes  a  smaller  reduction  in  the  tem> 
peratnre  of  the  molten  iron.  For  the  present, 
spectfleatlons  are  not  required  for  these  alloys, 
which  are  made  from  the  best  material,  and 
should  be  low  In  the  undesirable  elementa, 
sulphur  and  phosphorus. 

In  selecting  scrap  iron,  each  foundrymuu 
chooaea  womout  or  broken  castings  similar  in 
composition  to  the  proposed  product,  so  that 
the  addition  of  this  scrap  to  the  pig  iron  mlK- 
ture  does  not  disturb  the  calculationa. 

Beyond  the  exclusion  of  burnt  or  very  dirty 
metal,  and  of  sizes  so  small  as  to  cause  .vnste 
in  melting  or  too  large  to  enter  the  charging 
door,  spectfleatlons  for  scrap  Iron  should  be 
limited  to  a  statement  of  the  rla.s.s  of  material 
wanted — machinery',  malleable  wheels,  pipe, 
etc. 

Weak  eastiutrii  and  castings  with  pin  holes 
or  with  pockets  under  the  skin,  are  indicative 
of  the  use  of  burnt  metal.  Three  hundredths 
of  1  per  rent,  of  oxygon  in  solution  in  the  Iron 
as  an  oxide  or  combination  of  oxides  is.  in  the 
case  of  white  Irooa,  solllelent  to  min  them 
completely.  The  excessive  "Hkulllng"  of  ladles, 
and  other  troubles,  can  be  traced  to  this 
cause.  Thus  oxygen  In  cast  Iron  la  far  more 
powerful  tban  even  sulphur;  yet  the  action 
of  the  former  is  little  understood  and  does  not 
lend  Itaelt  readily  to  chemical  Inveatlgatloii. 
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FERRO- CONCRETE:  ITS  APPLICATIONS  TO 
ENGINEERING  CONSTRUCTION* 

A  RESUME  OF  BRITISH  PRACTICE 
By  J.  S.  E.  De  VESIAN.  M.  Unt  C  E. 


The  object  ot  tlie  present  pap«r  is  to  pre- 
MDt  tome  notes  npon  the  eharMteirietlcs  ot 

ferro-concrnrn  and  Its  constituent  puts,  to  de- 
scribe briefly  the  principal  systemg  omployed 
In  Oreet  Britain,  and  to  glTo  pnrtlenlsiB  t«1*> 
tlve  to  appllcatlona  of  tbe  material  to  Tuloas 
claasea  of  englneeilnc  eonatruction. 

DIEFINITION  OF  FBKRO-CONORSm!. 
Perro-concrete,  or  reinforced  concrete,  it»  a 
combination  of  concrete  and  ateel.  in  wlilck 
Ui«  steel  takes  tlie  tension  stresses  and  tte 
concrete  the  compression.  It  may  rightly  be 
tenned  a  new  material,  conforming  to  laws  of 
its  ttWB. 

For  instance,  If  a  beam  of  concrete  alone 
wUl  extend  under  tension  for,  say,  1-10  in.,  a 
■Inilar  Iwarn  rebiforoed  properly  wltb  steel 
will  extend  1  in.,  or  ten  times  as  mucb,  with- 
out showing  signs  of  cracking  or  distress.  The 
more  tlie  steel  can  be  subdivided  tbroui^bout 
the  tension  area  of  the  concrete  the  better;  or, 
in  other  words,  small  round  bars  are  prefer- 
able to  rolled  sections  of  eomiderable  area. 
By  the  suitable  employment  of  such  bars  the 
designer  is  enabled  to  secure  monoUthlc  con- 
stmotlon,  In  wbleh  all  parts  are  connected  ab- 
solutely without  joints,  and  the  reinforcement 
extends  throughout  the  concrete,  imparting 
tbe  necessary  resistance  to  tensile  and  other 
stresses  to  individual  members,  and  by  passing 
from  one  member  to  another  the  bars  perform 
a  most  valuable  dntj  hr  helping  to  diatxlbttto 
the  forces  orer  the  different  parts  of  the  •trvo- 
tnre. 

THB  DURABIUTY  OP  TORRO-CONGRBTB. 

The  durability  of  concrete  need  hiirdiy  bo 
entered  upon  after  the  experience  we  have  had 
from  olden  times,  if  any  old  works  give  ns  In- 
stances of  the  prr'serrlng  ^ects  that  good 
concrete  has  on  iron. 

flewer  pipes  with  steel  reinforcements  hSTe 
been  lately  replaced  on  tbe  ContliU'Ut  after  4  0 
years'  use.  and  the  steel  was  found  to  be  in 
good  condition.   As  an  instanoe,  coming  nn- 


*SBgfat]7  condented  from  n  papor  raad  before  th« 
Olvfl  «a4  HachUktea]  BnsioMrs'  BocMy. 


der  the  author's  personal  notice  of  the  preser- 
vation of  steel  when  imbedded  In  good  eon- ' 

Crete,  the  case  of  some  piles  at  Southampton 
may  usefully  be  mentioned.  As  these  piles 
were  originally  made  too  Ions,  the  topi  wore 
cut  off  and  thrown  upon  tbe  foreshore,  where 
they  have  remained  for  more  tlian  eight  years, 
being  Gotered  and  aneeveired  by  the  tides  tovr 
times  a  day  by  the  double  tides  prevailing  In 
Southampton  water.  Some  of  these  stumpa 
have  been  eiamlned  by  various  emlneat  ent^ 
neers,  as  well  as  by  the  author,  and  In  every 
case  the  steel  was  found  to  be  perfect  ^"liL 
only  below  tho  suifsce,  while  the  bars  whidi 
had  been  protruding  where  they  were  cut  off 
were,  of  course,  completely  rotted  away.  An- 
other very  common  example  ot  tho  preaerv»> 
tlon  of  Bteel  and  Iron  by  Tcrtland  cement  Is 
furnished  by  old  ships,  whose  bottoms  have 
been  coated  Inside  with  cement  when  built 
In  such  cases  the  plates  have  always  been 
found  in  a  state  ot  perfect  preservation  under 
this  coating  when  replaoed  In  after  years  on 
account  of  corrosion  from  without. 

TU£  SELECTION  OF  STEEL  FOR  REIN- 
70R0SMXNT. 

It  Is  very  Important  that  the  steel  used  in 
ferro-ooncrete  should  be  ot  suitable  quality 
for  Its  Intended  purpose.  Host  experts  in  this 

class  of  work  are  now  agreed  that  mild  steel 
produced  by  the  basio  open-hearth  process, 
with  a  tensile  strength  of  from  28  tone  per  sq. 
in.  to  3  2  tons  per  sq.  in.,  and  an  elongation  of 
20%  in  a  length  of  S  ins.,  is  the  best  for 
genera!  employment.  Hlgta-carbon  steel  is 
unBultnblc,  as  Is  also  any  metal  of  Tiriable 
Quality,  such  as  some  kinds  ot  Bessemer  steeL 
Apart  from  the  fact  that  blgh-carbon  steel 
is  apt  to  break  unlens  bout  with  Kreat  care 
after  suitable  heat  treatment,  there  is  no  econ- 
omy In  such  metal  because,  as  Its  coefficient 
of  elasticity  is  not  higher  than  tho  coefficient 
for  mild  stcol,  the  higher  elastic  limit  cannot 
be  uttlUfed  fully  without  causing  ezcesslVe' 

.stresses  in  the  surruundln^c  coucrcte,  rosultlnj? 
in  the  cracking  of  the  material  and  the  conac- 
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auent  corroalon  of  the  meial.  It  li  Immate- 
rial what  form  of  steel  lakes,  biif.  of  ooktw. 
tlie  most  ec-onomlcai  form,  aud  the  eatiiesl  lo 
arrange,  is  the  round  t>ar.    This  section  can 

be  obtained  from  many  different  works  of  the 
requisite  quality,  and  at  competitive  prices. 
Some  patentees  advocate  special  bars  sqneeaed 

Into  vartons  forms,  or  tw!sted.  with  the  idea 
of  giving  a  greater  bold  ud  the  concrete.  Cor- 
rusatsd  bars  of  sareral  different  shapes  are 

sometimes  rerommrnded  by  makers  in  this  and 
otiier  cuuutries,  on  the  ground  that  the  steps 
Or  indentations  so  formed  give  an  absolute 
mechanical  bond,  in  addition  to  the  natural 
adhesion  between  the  concrete  and  the  metal. 

In  the  Henneblqne  system  nothing  but  the 

round  bar  Is  used  for  tension  nicmbtTS.  Flat 
Steel  is  used  for  the  stirrups  to  resist  the 
shearing  forces.  The  adhesion  of  concrete  to 
steel,  which  Is  an  undoubted  factor,  is  Ignored. 
The  bars  are  always  Qalteued  and  opened  at 
the  ends  to  form  a  secure  anchorage.  The 
adhesion  varies  from  200  lbs.  per  sq.  in.  to  570 
lbs.  per  sq.  In.  of  surface  in  contact,  so  that  as 
long  lengths  of  steel  are  burled  In  the  mate- 
rial there  would  be,  as  a  rule,  more  than  ample 
adhesion  even  if  the  bars  were  perfectly 
straight  and  not  anchored  Into  the  concrete 
at  all.  Moroover.  In  the  Hennebique  stytem, 
even  in  the  most  straightforward  beams  and 
floor  slabs,  at  least  half  the  bars  are  bent  up> 
wards  from  the  points  of  cent raflrxlon  and 
carried  over  the  supports.  The  polygonal 
form  so  obtained  Insures  the  most  secure  an* 
chorage  possible. 

PORTLAND  CEMENT. 

The  quality  of  Portland  cement  used  in 
ferro-concrete  is  of  the  greatest  importance. 
Tlio  author  prefera  cement  of  the  finest  grind- 
ing, glring  not  more  than  a  207c  reeldue  on  a 
180  X  180-mesh  sieve.  The  flnenem  of  grind- 
ing after  calcination  Is  not  a  very  conclusive 
test  by  itself.  It  would  be  better  to  have  evi- 
dence of  a  very  Intimate  raixine  of  the  chalk 
and  clay  before  calcination,  but  such  a  test 
would  be  very  difficult  to  supervise,  and  In 
practice  the  beet  one  can  do  is  to  see  that  the 
cemont  Is  delivered  to  the  requisite  fineness. 
The  permissible  expansion  specifled  by  the 
author  under  the  Le  Chateller  test  is  only  half 
of  that  allowed  by  the  British  standard  speci- 
flcation — viz.,  6mm.  and  3mm.  fresh  or  seven 
days  old.  The  time  of  setting  should  be  from 
BO  to  90  minutes  initial,  and  from  7  to  9 
hours  final. 

Teat  blocks  4  Ins.  cube  are  required  to  stand 


the  compressive  stress  of  600  lbs.  per  sq.  In. 
at  the  age  of  2i  days. 

SAND. 

The  sand  to  he  utcd  lur  ceuieuL  luortar  and 
concrete  is  specified  by  the  author  to  be  sharp 
and  coarse,  of  all  bi/.es  from  'k  ill.  downwards, 
and  lo  be  waahi-'d  perfocUy  Irtie  from  all  traeCa 
of  challt,  liiue,  clay  or  earthy  matter.  Sand 
uf  •  yen  else  like  "atandard"  sand  la  undesir- 
able. 

AOORBGATB8. 

Tho  air>;regate  for  the  concrete  should  con- 
sist of  the  hardest  local  stone  obtainable  other 
than  limestone,  which  Is  not  admissible  owing 
to  Its  dlsintograthiK  under  heat.  Brick,  cin- 
der, coke  breeze  or  slag  concretes  should  be 
avoided  for  reinforced  concrete  work,  as  the 
concretes  made  with  such  materials  are  porous, 
or,  aa  in  the  case  of  many  slags,  corrosive, 
owing  to  the  sulphates  and  similar  Impurities 
in  the  material  it-elf.  JudKing  a  slag  from  a 
chemically  pure  sample  is  not  safe.  for.  as  the 
nature  of  the  charges  In  the  furnaces  vary,  tlw 
slag  from  tho  same  Ironworks  may  not  be  Of 
the  same  quality  for  many  hours  together. 

In  the  choice  of  stone,  a  rounded  shlngto 

or  RTavel  of  bar:l  stone  Is  preferable  to  broken 
Stones,  as  so  many  stones  have  a  flaky  cleav- 
age, and  the  rounded  pebbles  make  n  more 
even  and  sormder  roiu  rete  than  these  flaky 
pieces  owing  to  the  ease  with  which  the  sand 
and  cement  can  fltl  the  voids. 

For  ferro-concrete  construction  the  author 
is  in  the  habit  of  specifying  that  the  aggregate 
shall  be  of  all  sixes  from  %  In.  down  to  Ml  In. 
As  in  the  ra^e  of  sand,  It  is  highly  Important 
that  the  aggregate  shou'ld  bo  perfectly  free 
from  earthy  matter  of  any  kind. 

PROPORTIONS   OF   CONC  RETE 
The  proportions  of  the  materials  for  ferro- 
concrete necessarily  vary  with  the  character 
of  the  work  to  be  executed. 

In  ail  engineering  construction  strength  and 
durability  are  the  most  important  considera- 
tions, but  it  is  very  often  necessary,  as  in  the 
case  of  pipes,  reservoirs  and  marine  construc- 
tions, to  pay  special  attention  to  the  question 
of  Impermeability.  For  resistance  to  fire  it 
is  well  known  tliat  iron  and  steel  are  ade- 
quately protected  when  imbedded  in  good 
stone  or  gravel  concrete. 

The  voids  in  the  sand  should  be  ascertained 
by  filling  a  receptacle  with  perfectly  dry  sand, 
and  measuring  the  amount  of  water  It  is  poa- 
slble  to  add  without  overflowing;  then  it  It 
easy  to  calculate  the  voids  as  a  pereentage  of 
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the  sand.    The  percentage  of  voids  iu  the  mg- 

grepate  can  be  dotermined  lu  a  siniiUir  man- 
ner. As  tlie  proporiiou  oj:  \uiils  differs  very 
mach  with  the  class  of  sand  and  st(jii«,  and  the 
size  and  shape  of  tho  jtartioles,  it  is  desirable 
to  lest  the  percentage  of  iha  voids  before  ar- 
ranging the  exact  mixture  to  be  used  in  any 
worlc.  The  practice  of  using  Thames  ballast 
without  separating  the  sand  and  pebbles  may 
do  for  rou«h  concrete  work,  t»ut  must  never 
be  followed  in  ferro-concrete  constructioii, 
It  would  lead  to  unsatisfactory  results. 

The  average  mixture  adopted  in  ferro-eon* 
Crete  construction  Is  aa  loUowe: 

Portland  cement,  672  Ibe. 

Sharp  sand,  13^  cu.  ft. 

Waahed  gravel,  27  cu.  ft. 

Tlieae  quantities  when  properly  rammed 
yield  about  31  cu.  ft.  of  concrete. 

CONCRETE  MIXING. 
The  proper  mixing  of  the  concrete  is  of  the 
greatest  importance,  and  as  good  concrete  may 
be  improved  HHi%  in  strength  by  thorough 
mixing,  it  is  preferable  to  employ  a  good  ma- 
chine mixer  than  to  attempt  to  do  tbla  work 
by  hand.  The  machine  is  certain  to  do  It  all 
alike,  whereas  no  workman,  however  much  he 
is  looked  after,  can  perform  the  operation  bo 
effectively.  The  concrete  mixture  should  be 
just  plastic,  and  must  always  be  well  rammed. 

FIRE  RESISTANCE. 

Brick  and  coke  coutrete  sboulU  not  be  used 
as  aggregates  In  ferro-concrete.  Thase  ma- 
terials make  a  concrete  that  is  far  too  weak  to 
wiUistand  cuuipressive  aud  tensile  stresses, 
and  thejr  make  poroua  concrete,  which  expoaei 
the  metal  to  risk  of  corrosion. 

Numerous  expeiimeutal  ii^tiU  and  actual 
conflagmtlona  have  demonstrated  the  security 
of  ferro-concrete  against  the  effetts  of  Are. 

A  tire  and  water  test  was  made  on  July  S, 
1904,  on  a  ferro-concrete  chamber  5  ft.  8  Ins. 
long  by  6  ft.  wide  by  4  ft.  4  Iii8.  hiph,  two  of 
the  walls  being  4  Ins.  thick,  the  other  two  6 
ins.  thick,  and  covered  by  a  flat  roof  4  Ins. 
thick.  From  the  middle  of  the  nlab  projected 
a  ferro-concrete  buam  4  Iub.  wide  by  G  ins. 
deep,  unsupported  at  either  end.  The  top  of 
the  chamber  was  loaded  with  bricks  and  stones 
to  336  lbs.  per  sq.  ft.  over  the  whole  area. 
Next  to  one  of  the  4-in.  walls  an  enclosure 
with  4)i-ln.  brick  walls  was  built  with  a  win- 
dow and  a  doorway,  and  covered  with  a  plain 
concrete  roof.  The  object  of  this  enclosure 
was  to  ascertain  what  increase  of  temperature 
would  take  place  In  a  room  divided  by  a  thin 


ferro-concrete  wall  from  another  roam  In 

which  a  violent  fire  was  raging. 

At  11  a.  m.  on  the  day  of  the  tes€  a  fire 
of  wood  and  tar  barrels  was  lighted  under  the 
chamber,  and  kept  burning  for  two  and  a  half 
hours,  smoke  and  gases  of  combustion  escap- 
ing through  two  square  openings  left  near  the 
roof.  After  this  fire  had  been  burning  for 
some  time  the  temperature  reached  1.600* 
Fahr.,  bnt  In  the  adjoining  endosure  the  titni> 
perature  only  rose  8"  Fahr. 

After  two  and  a  half  hours  Jets  of  water 
were  played  on  the  outside  and  inside  of  the 
chamber.  The  concrete  was  then  cut  Into  with 
cold  chiaels  and  found  to  be  as  hard  as  It  was 
before  the  test.  The  stability  of  the  atrttcture 
was  not  impaired  in  the  least. 

In  the  great  Baltimore  fire  in  Amerle*  a 
ferro-concrete  building  with  brick  outer  walls 
stood  alone  after  the  conflagration  had  ceased, 
and  tests  made  on  the  floors  gave  even  better 
results  than  when  handed  over  originally  to 
the  client.  The  brick  walls  had  fallen  to  a 
great  extent,  but  the  ferro-concrete  was  Intact 
and  uninjured. 

Several   similar  Instances  giving  equally 
good  resulta  have  occurred  on  the  Continent, 
MSTHOD  OF  CALCULATION. 

T'p  to  a  certain  point  the  calculations  neces- 
sary for  the  design  of  ferro-concrete  are  the 
aame  m  fbote  employed  In  the  case  of  all 
o*her  structural  materials.  When  thfi  forces 
have  been  determined  for  all  the  members  of 
any  particular  structure,  the  cross-sectional 
area  of  tho  concrete  may  be  made  sufTlolpnt  to 
resist  the  compression  stresses  with  or  without 
the  help  of  steel  as  reinforcement,  and  a  proper 
proportion  added  of  steel  in  tension  areas. 
The  shearing  forces  are  provided  for  by  plac- 
ing auxiliary  reinforcement  In  such  a  manner 
as  to  relieve  the  concrete  from  forces  ten»)inEr 
to  rupture  it  in  vertical,  horizontal,  or  diag- 
onal dtreetloiM,  and  to  form  a  link  betwesm 
the  compression  and  tension  porttona  of  tho 
construction. 

It  is  very  easy  to  settle  the  erOHI-sectional 
area  of  concrete  for  resisting  compression  in 
any  member,  but  when  we  come  to  add  steel, 
whether  for  resisting  compression  or  tenalon, 
difficulties  and  complications  at  once  arise 
from  the  fact  that  the  modulus  of  elasticity  of 
concrete  is  variable.  The  modulus  of  elastic- 
ity is  fairly  constant  for  the  typo  of  steel  used 
in  reinforced  concrete,  but  the  modulus  of 
elasticity  of  tbM  concrete  may  vary  from,  aaj. 
500,000  lbs.  per  sq.  in.  to  4.000,000  lbs.  per 
sq.  in.,  according  to  the  quality  of  the  cement. 
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sand  and  aggregate,  the  proportions  of  the 
mixture,  the  manner  In  which  it  is  treated  by 
frorkmen,  fhe  Bmoant  of  water  used,  and  tbe 
age  of  the  material. 

The  trouble  ia  further  increased  by  the  fact 
wblflh  liaa  1»e«i  prored  by  the  teeta  of  many 
experimenters  such  as  Prof.  Bach  and  M.  Con- 
■idor*  on  the  Continent,  and  Profs.  Hatt  and 
Talbot  in  Aiaerlc*»  tbat  tbe  modulus  of  elss- 
tfclty  of  1  oDcrete  varies  with  the  stress  to 
wliich  it  is  subjected,  so  altogether  we  have 
no  iM  tttaa  six  different  causes  wbtdi  may  af- 
fect the  modulus  of  elasticity  of  concrete.  To 
use  tbe  words  of  an  American  author,  Mr.  A. 
W.  Buel,  eoneeralngr  tbe  numerous  tbeorles  In 

existence,  "'.vnile  some  Of  these  theories  are 
deduced  from  a  few  experiments,  others  are 
•Dtlrely  tbaoretlca],  and  none  are  fully  dem- 
onstrated to  be  absolutely  true." 

The  allowable  stresses  taken  by  the  author 
and  bis  collmcaes  are  a*  follows: 

Steel  in  compressioQ,  14,000  lbs.  per  sq.  In. 
17,000  lbs.  per  sq.  in. 

Steel  In  oompreasion.  14,000  lbs.  per  sqq.  In. 
to  17,000  lbs.  per  sq.  In. 

Cioncrete  in  tension,  nil. 

Oonereto  In  compresston,  S40  lbs.  per  sq.  In. 
to  400  Ibr  pnr  eq.  In. 

Concrete  in  shear,  nil. 

Adbeslott  of  eoncrete  to  steel,  ntl. 

These  stresses  are  far  more  conservatiTe 
tban  those  recommended  by  most  authorities, 
but  bearitts  in  mind  tbe  Tarloas  causes  wbidi 
may  operate  In  actual  construction  to  reduce 
the  theoretical  resistance  of  ferro-concrete,  the 
nntbor  does  not  consider  any  Increnae  would 
be  desirable. 

RBLATlVfi  fiCONOMT  OF  FSRRO-CON- 
CRBTB. 

A  few  flgiires  will  show  that  tho  combina- 
tion of  steel  with  concrete  must  be  economi- 
cal If  properly  done.  Tbe  cost  of  a  euble  foot 
of  steel  Avelghlng.  say.  190  lbs.,  at  £S  10s.  per 
ton.  is  approximately  37.28.,  and  the  cost  of  a 
cable  foot  of  concrete  at,  say,  £1  per  euMe 
yard,  la  0.74s.  So  volume  for  volume  steel 
costs  fifty  times  as  much  as  concrete.  The 
safe  load  on  steol  In  compression  may  be,  say. 
15.000  lbs.  per  sq.  lu.,  and  the  safe  load  on 
concrete  in  compression,  say,  500  lbs.  per  sq. 
in.  Tbls  means  tbat  for  equal  areas  steel 
will  carry  thirty  times  as  much  as  concretL'. 
The  safe  load  on  steel  in  tension  being  taken 
at  1S,000  lbs.  per  sq.  In.,  and  the  safe  toad  on 
concrete  In  tension  at,  ^^ay,  uo  lbs.  in-r  bq.  In., 
the  result  is  tbat  for  equal  areas  sieel  will 
cnnrjr  SOO  tlmei  as  mueb  as  concrete. 


Thus  wc  find  that  concrete  in  compression 
costs  only  30-60,  or  3-5  as  much  as  steel,  while 
concrete  in  tMUlon  would  cost  SOO-80,  or  six 
times  as  much  as  steel. 

In  ferro-concrete  beams  something  must  be 
put  down  for  the  concrete  In  tension  whose 
resistance  is  not  considered,  but  a  si"'^:it  di  al 
of  expensive  labor  is  required  for  preparing 
steelwork  for  use.  and  tbls  coats  more  ttwk 
the  cheap  labor  which  suffices  for  dcalint;  with 
the  concrete  and  plain  steel  bars  of  which 
ferro*ooncrete  to  compooed. 

It  will  be  understood  that  tho  figures  given 
are  intended  merely  to  illustrate  in  a  rather 
rough-and-ready  way  the  economic  advantago 
of  ferro-concrete  over  structural  steel.  The 
actual  saving  to  be  eltected  in  any  given  case 
depends  Tery  much  upon  tbe  market  pricsa  of 
materials  and  the  locality  whore  the  work  Is  to 
be  executed.  An  example  is  the  case  of  a 
highway  erected  last  year  over  tbe  river  Sulr, 
at  Waterford,  at  a  cost  of  £S,000,  compared 
with  over  £20,000,  the  estimated  cost  of  a 
steel  structure,  as  stated  by  tbe  englnoer.  Thto 
Is  perhaps  an  exceptionally  favorable  case,  but 
it  shows  the  possibilities  of  the  new  system  of 
construction. 

There  la  very  little  difference  between  the 
cost  of  timber  and  ferro-concrete  structures 
such  as  wharves,  quays  abd  Jetties,  but  tbe 
superior  durability  and  strength  of  ferro-con- 
crete, and  the  fact  that  it  is  immune  from  the 
attacks  of  destructivo  seatworms,  rsndsvs  tbat 
material  far  cheaper  in  the  long  run,  espe- 
cially when  used  for  marine  work.  In  London 
and  other  cities,  where  the  asTlng  In  annual 
unkeep.  charges  for  painting,  etc.,  arc  nmst 
important  factors  in  favor  of  the  use  of  ferro- 
concrete In  sucb  works  as  bridges,  piers,  etc., 
local  regulation.'!  demand  that  walls  made  of 
it  shall  be  as  thick  as  ordinary  brick  walla; 
consequently  there  is  no  cbanoe  of  eCfeetlng  a 
saving  by  its  use. 

Fortunately,  more  reasonable  counsels  pre- 
▼•11  in  many  parts  of  tbe  country,  and  rail- 
way companies,  who  aro  exempt  from  ordinary 
building  laws,  have  been  able  to  employ  ferro< 
concrete  witb  much  admntage  and  economy  In 
the  erection  of  goods  stations,  warehouses  and 
other  buildings.  Government  departments 
being  also  free  from  similar  restrictions,  bavo 
been  able  to  make  a  considerable  savlrir  ?  y 
the  adoption  of  ferro-concrete,  as  testified  by 
tbe  answers  to  recent  questions  In  Parliament, 
when  It  was  .stated  that  the  coFt  of  ferro-con- 
crete structures  recently  erected  w^as  approsi* 
mately  20^  cheaper  than  brick  constmetloa. 
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SYSTEMS  OF  REINFORCED  CONCRETE. 

Tbere  are  in  Oreat  Britain  several  eystems 
of  reinforced  concrete,  the  beat  known  being 
tlii-  ColRnet  armored  concreLe,  the  Consldfre 
spiralled  and  armored  concrete,  tbe  expanded 
metal  lystem  of  steel  and  concrete,  tbe  ln> 
dented  steel  bar  system  of  reinforced  concrete, 
the  trussed  concrete  steel  and  the  Wells. 

The  expanded  metal  system  Imported  some 
years  ago  from  the  United  States  has  not  been 
developed  as  a  complete  method  of  reinlorced 
concrete  constmetlon,  althooirh  the  special 
furn;  uf  metal  network  made  by  the  company 
has  been  largely  used  for  relnlordnc  concrete 
fioors,  partlttons,  walls,  tanks,  eondnita  and 
various  structural  details.  The  Ave  systems  In 
question  and  the  Uennebique  system  all  pos- 
sess dlstlneUve  featnres,  but  are  alike  In  the 
reap'  ft  that  steel  bars  of  different  forms  are 
used  with  the  object  of  reinforcing  concrete 
acatnat  tensile,  oompresalTe  and  ahearlng 
forest. 

BRIDaSS. 

Ferroconcrete  girder  bridges  need  not  be 
discussed  at  lenRfh,  because  ihclr  essential 
parts  are  main  and  secondary  beams,  slabs, 
piers  and  walls  designed  on  the  principles  al- 
ready described.  Still,  although  the  design  of 
the  separate  members  may  appear  to  be  a  very 
•Impto  thing.  It  la  not  by  any  meana  an  eaay 
task  to  satlsfaetorlir  design  a  complete 
bridge. 

Ferro-eonerete  arch   bridges  represent  a 

special  class  of  deslLrn,  Imt  when  the  lines  of 
resultant  pressures  and  the  stresses  In  the  arch 
fibs  hare  been  determined  In  the  usual  way, 
the  bars  and  stirrups  reinforcing  the  concrete 
against  tension,  compression  and  shear  are  ar- 
ranged In  the  same  general  way  that  haa  al- 
ready hem  described. 

PiLBS. 

One  of  the  most  interesting  uses  of  rein- 
forced concrete  Ig  for  the  construction  of 
ferro^ncrete  piles.  The  fact  that  a  baulk  of 
concrete  CO  ft.  to  70  ft  long  with  some  steel 

rods  in  it  can  be  carried  about  like  a  piece  of 
wood  and  driven  through  the  hardest  strata  is 
wonderfttl. 

A  11  <  14-in.  ferro-concrete  pile  will  in 
practice  comfortably  carry  66  tons  to  76  tons 
with  a  large  factor  of  safety.  The  use  of  these 

piles,  theroforo,  becomes  highly  oronomical, 
as  their  number  is  necessarily  far  fewer  than 
If  timber  were  used,  although  foot  for  fbot 
pitch  pinf'  may  bo  the  cheaper  material,  un- 
less the  length  required  is  great.  They  are 
quite  nnafteeted  by  sea  water,  are  proof  against 


the  attack  of  sea  worms,  and  can  be  driven 
through  harder  ground  than  any  timber  piles. 
That  concrete  is  capable  of  standing  great 
bratious  is  proved  by  ferro-concrete  piles, 
which  have  to  stand  about  as  severe  a  test  in 
this  direction  aa  It  la  poaslble  to  eonoelve.  The 
author  has  known  of  piles  receiving  upwards 
of  10.000  blows  from  a  2-ton  monkey  with- 
out damage.  The  weight  of  Uie  monkey  used 
with  ferro-concrete  piles  should  not  be  less 
than  2  tons,  and  should  increase  with  the 
weight  of  the  pile.  Aa  ferro-concrete  plies  are 
much  heavier  than  timber,  the  blows  uf  a 
light  monkey  would  be  ineffective  for  driving, 
and  would  tend  to  smash  the  head. 

Piles  of  this  kind  have  been  extensively  used 
in  the  foundations  of  bridges,  wharves,  quays, 
plera,  Jettlee,  reserroira  and  buUdlnga  of  all 
kinds. 

PRACTICAL  CONSTRUCTION. 
B^very  ferro-concrete  construction  dertrea  ita 

value  not  only  from  the  proper  distribution 
and  quality  of  ita  component  parts,  but  also 
from  the  care  which  la  exercised  during  ita 

execution. 

A  good  deal  depends  on  the  design,  con- 
struction and  erection  of  ttie  molds,  centering 

and  shuttering.  Contractors  who  take  up 
ferro-concrete  work  for  the  first  time  must 
certainly  be  prepared  to  face  a  considerable 
outlay  in  timber  for  molds  and  accessories, 
but  by  careful  attention  to  details  they  will 
be  able  to  arrange  matters  ao  that  the  timber 
may  be  used  over  and  over  again. 

AU  molds,  centering  and  shuttering  must  be 
of  wtf  1-eeasoned  timber,  not  liable  to  shrink 
or  twist  when  exposed  to  the  weather;  they 
must  have  close  Joints  so  as  to  prevent  leak- 
age, and  be  of  aufflclent  strength  for  support^ 
ing  the  weight  of  the  materials  and  the  im- 
pact of  depositing  and  ramming  the  concrete 
without  appreciable  deflection. 

Column  molds  should  bo  made  with  one  side 
open  so  that  concrete  can  bo  deposited  and 
rammed  in  layers  of  not  more  than  3  Ina. 
thick,  and  the  open  side  gradually  closed  up 
as  the  layers  are  finished  by  nailing  boarda 
across.  In  molding  columns  the  Tertleal  bars 
are  first  secured  in  position  with  the  steel 
links  threaded  over  them,  tied  up  at  a  suit- 
able height  to  leave  a  clear  space  tor  ram- 
ming. As  the  succo.ssivf  layprs  arc  deposited 
the  links  are  lowered  set  by  set,  and  so  on  until 
the  column  Is  finished.    This  tnauree  all  the 

concrete  being  of  uniform  r on.sistency,  where- 
as in  columns  with  vertical  or  other  lateral 
reinforoement  which  has  to  be  llxiad  In  plaea 
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before  any  roiRreif  is  deposited,  the  moliLs 
hare  Co  be  formed  wiih  all  Btdes  ftzed.  and 
the  eoncreCe  la  poured  in  from  ttao  top  and 

poked  into  place  as  well  as  possible  by  Ions 
rods.  Besides  the  risk  tliat  pieces  of  wood, 
shaTlngfl,  and  other  foreign  materials  may  be 
aecidentally  droiiped  into  Uie  molds  without 
being  noticed,  there  Is  always  the  probablli^ 
of  voids,  and  the  coniilstency  of  the  concrete 
varifs,  the  Ir-nrlency  belnn  for  stones  to  settle 
to  the  bottom  and  for  the  sand  and  cement  to 
come  to  the  top.  The  result  may  be  that  the 
actual  Btien^;th  of  columns  so  molded  Is  far 
less  than  the  strength  contemplated  by  the 
detfgner.  When  closed  molds  of  tills  kind 
are  used  an  inspeetion  hole  at  the  foot  should 
be  provided  so  that  the  foreman  may  see  that 
no  foreign  material  Is  present  before  eoneret- 

iiiK  ?s  slartel 

Beam  models  should  be  made  so  that 
the  sides  can  be  taken  olf  before  the 
bottomB  are  removed,  so  permitting  air  to  get 
at  the  concrete  and  assist  the  hardening 
process. 

Molds  and  centering  of  all  kinds  must  ho 
adequately  supported  and  bra(»d  to  guard 
against  movement  in  any  direction. 

Exirenie  <auiion  must  be  observed  in  re- 
moving the  molds  and  centering.  The  8up> 
ports  must  not  l>e  moved  until  it  has  been 
decided  by  some  qualiticd  and  du]>  authorized 
person  that  the  concrete  has  sufDciently  set. 
Neglect  of  these  precautions  has  been  respons- 
ible for  several  serious  mishaps  on  the  Con- 
tinent and  in  America,  and  the  author  fears 
that  similar  accidents  will  take  place  In  this 
country  If  too  much  coiiriflenre  is  reposed  in 
contractors  lacking  experience  in  reinforced 
concrete  work,  especially  If  not  responsible  to 
the  designer. 

Another  important  thing  is  that  no  load  of 
any  kind  should  be  placed  on  green  beams, 
(h'(kinc;s  or  floors,  but  In  exceptional  cases 
where  it  la  imperative  to  do  so  the  construc- 
tion must  be  strongly  propped  up  In  order  to 
throw  the  whole  weight  on  the  temporary  sup- 
ports, so  that  no  fraction  of  It  shall  be  borne 
.by  the  femnconerete. 

All  bars  used  for  reinforcement  must  be 
free  from  oil  and  paint,  but  If  rusty  the  ad- 
hesion of  the  concrete  will  be  better  than  If 
the  bars  were  perfectly  clean  and  brlKbt.  The 
reason  is  that  the  oxide  of  iron  combines 


cbemkally  with  the  cement,  forming  a  pro- 
tective covering  of  ferriie  ot  calcium. 

No  welds  must  be  made  in  any  of  the  Iwn, 
and  mosr  bending  should  he  dOlie  odd  bj  the 
gradual  application  of  force. 

All  the  bars  and  stlrrnps  must  he  laid  and 
sociiri'd  In  ttie  corrrtt  i»osltlons  shown  by  the 
working  drawings.  Particular  attention  most 
be  given  to  see  that  the  stirrups  are  In  actual 
contact  with  the  main  bars. 

When  the  reinforcement  has  been  laid  out 
and  fixed  it  should  be  carefully  Inspected  by 
a  responsible  person  to  make  suio  that  the 
intentions  of  the  designer  have  been  complied 
with  in  every  respect.  Too  much  care  cannot 
be  brought  to  bear  on  this  point. 

Concrete  must  be  deposited  as  soon  as  pos- 
sible after  mixing.  It  la  desirable  that  all 
concrete  iiiade  jhall  be  used  up  before  sus- 
pending work,  even  for  a  short  time.  The 
balance  of  any  batch  not  so  used  diould  be 
thrown  away.  After  It  has  once  rnmmenrpd 
to  set,  the  concrete  must  be  protected  from 
shocks  and  vibration,  which  interfere  with 
proper  setting.  These  are  points  to  which  very 
particular  attention  should  be  paid  by  some 
one  In  authority. 

When  (he  construction  of  beams,  deckings 
or  floors  ttas  to  be  interrupted  before  comple- 
tion, the  edges  must  be  roughened  with  a  ent« 
ting  tool  and  thoroughly  cleansed  from  all 
foreign  matter  before  work  is  resumed  on  it. 
Cement  grout  must  then  be  poured  on  the  sur- 
face of  the  edue  before  the  (oncretinK  opera- 
tion is  resumed,  and  special  care  should  be 
taken  to  ram  the  fresh  concrete  as  hard  as 
possilile  on  lo  the  old  work.  The  proper  plate 
for  sto(>ping  concreting  should  always  be  de- 
cided by  the  resident  engineer  or  some  compe- 
lent  person. 

Fresh  concrete  work  should  be  freely 
watered  for  several  days  or  If  this  cannot  be 
done  it  should  be  kept  in  a  moist  state.  This 
precaution  is  imperative  when  the  work  is  ex- 
posed to  heat. 

The  foregoing  not'  s  embody  some  of  the 
chief  polnta  requiring  careful  and  constant 
attention  on  the  part  of  resident  englaeeni. 

fontraciots  and  foreiiieii.  and  they  are  sufll- 
clent  to  show  that  the  rough-and-ready  way 
In  which  mass  concrete  Is  treated  for  ordinary 
structural  work  cannot  be  followed  with  lm« 
punity  in  ferro-concrete  construction. 
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PROM  "THB  BLBCTItlCAL  BXOINBKR."  (LONDON) 

In  testing  generators,  especially  alter-  tauce  aiiart  of  the  eleciiotles  tor  a  glveu  volt- 
Mton,  it  Is  often  necessary  to  employ  water  age  and  current,  it  Is  necessar}'  to  know  tlie 
resifltances,  and  Herr  Carl  Rklitcr  In  a  recent  specific  resistance  of  water  at  varioii.s  tempera- 
number  of  "Elclctrotechnlk  uiid  Maschiuonbau"  tures  and  also  the  minimum  area  of  electrode 
gives  some  useful  notos  on  their  correct  desig^n  anrfaee  for  each  ampere  passing.  TheM  value* 
and  dimensioning.    The  resistances  often  take  are  approximately  as  follows: 

the  form  of  one  or  more  casks  filled  with     ^emp.  in  degs.  C  30    60      70  86 

water  and  having  metal  eleetrodea  dlpvtag  j^^g  Megohms  reelaUnoe  of 
Into  them.    Such  resistances  are  cheaper  than 

Wire  ones,  and  are  especially  suitable  for  al-  j  ^  j^^^^^  3g  ^ 

tematlng  currents,  as  no  reactive  K.M.F.  s  are  electrode  per  ampere 

oet  up  In  them.  The  specific  resistance  of  pure       |^  „    2     g  ij     6.8  10 

water  ts  extremely  high  (abont  10»  ohms  per 

meter  length  and  one  square  millimeter  sec-  docidlnB  the  rllsfanct-  lequlrod  between 

UoD>,  BO  that  very  high  voltages  can  he  dealt  electrodes  for  a  given  voltage — I.  e.,  the  ef- 
wlth  in  moderate-slied   veisele.  -  Except  In 

cases  whi  re  water  is  scarce.  It  Is  more  con-     feoU'O  reelatanoe  r  -    —both  th» 

venient  to  arrange  for  a  constant  flow  of  water  amperes 

through  the  resistance,  so  as  to  keep  below  the  "P^cM*  rertetanee  of  the  water  and  the  method 

boiling  point,  than  to  allow  the  energy  to  be  which  the  current  spreads  out  between  the 

dissipated  in  the  form  of  steam.    Experiment  electrodes  must  be  allowed  for.    In  fact, 

baa  shown  that  at  ordinary  temperatures  and  '  —         x  *  xK, 

using  wooden  vrssols  the  hfat  rafliaied  is  netc-  inhere  I  ^  dlstnnee  hefwepn  electrodes  in  centl- 

llglble  compared  with  that  generated,  so  that  nieniers;  f  =  area  of  one  face  of  an  electrode 

a  fairly  definite  Idea  of  the  flow  of  water  re-  •Q««»  o«itliB«t«rB;  »  -  apeellte  reetataaoe 

quirel  to  keep  the  temperature  to  any  (h  s:rr  l  water  in  ohms  per  centimeter  cube:  K 

value  can  be  obtained  from  theoretic  cousldera-  ^  variable  depending  on  the  shape  of  the 

tiena  alone.  The  following  table  shows  the  sup-  vessel. 

ply  of  water  necessary  when   1  ooo  K\V.  is  f>'  making  certain  assnmptlors  it  ran  be 

being  dissipated  If  the  temperature  rise  la  lim-  shown  that  for  rectangular  vessels  of  width  S 

Ited  BO  as  to  be  below  the  boiling  point  to  a  »°<^  depth  H.  Into  which  two  electrodes  each 

greater  or  less  latent:  width  s  dip  to  a  depth  h,  the  approximate 

WATKU  KEPT  BELOW  BOILING  POINT.  ^j,^  ^p^^j^,  case  of  H  =  1 .  S  =  1.  a 

Difference  between  -  .5,  the  valuea  of  K  for  variona  depths  h  are 

temperature           Necessary  water  follows: 

rpnr-he  1  an:!  tcni-                supplx  in  h  =*         1       .8      .6      .4      .2       .1     .05  .(M).', 

perature  of  supply          gallons  per  |{         r,^?,         .544  .44(1  .?,()'  .201  AHO  .0  23 

"'^ni'fi**  Assuming  a  current  density  of  .1  ampere  per 

,^    '  square  centimeter  and  a  apeelflc  reststanee  of 

2.f)00  ohms  per  centimeter  (?0  megohms  per 
meter  and  square  millimeter),  with  K  =  .6 
the  distances  required  between  the  eleetrodes 
for  various  voltages  are  as  follows: 

1.000  2,000  4.000  10.000  tO.OOO  SO.OOO 

''*^  Dlstanrr  hetwoon  electrodes  In  cm. 

*  =  8.:i    16.6     33.2        83       166  249 

If  the  water  Is  allowed  to  boll,  from  5  to  6  %  If  the  reiMstanee  Is  to  be  used  for  Tarying  the 

gala,  per  mln.  will  be  required.  load.  It  must  be  possible  (1)  to  Increase  the 

In  deciding  the  size  of  vessel  aud  the  dls-  distance  between  the  electrodes,  or  (2)  to  vary 
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tht  depth  InuncirMd,  or  (S)  to  miter  ImOi  dlo* 
tance  apart  KoA  dvth  immerNd  ilmultaik- 

eously. 

If  the  dtvtuioe  alone  Is  verted.  It  nuat  be 

done  in  proportion  to  the  load — -l.  e.,  for  on^ 
quarter  the  load  the  distances  must  be  tour 
tfanea  aa  great  as  fhooe  sfven  above.  It  the 
Immersed  depth  !s  altered,  care  must  be  taken 
to  avoid  even  increasing  the  current  density 
above  the  allowable  value,  and  for  deddlntr  thla 
point  the  values  given  above  for  the  variation 
of  K  with  h  win  be  found  useful.  In  practice 
the  mlninivm  dtmemlona  will  be  attained  If 
distance  and  Immersed  depth  are  both  varied 
simultaneously  in  such  a  way  that  the  current- 


deniltr  alwaya  haa  the  masdmam  allowable 
value.  Biiifie 

r  =  Wt)  9  K 
and  Cvrreat  ^  rolta/t  a  volta  -i-  ((1/t)  ^  K], 

.:.  Current  density  =  current  h-  f  =  volts  -§- 1»  K. 

.:.  If,  for  given  volts,  the  current  density  la 
to  remain  oonstant  while  the  aotnal  earrent 

varies,  the  product  1  x  K  must  be  made  fi  con- 
stant. On  this  basis  the  distance  required  be- 
tween the  eleetrodea  In  order  to  rednee  ttie 
load  to  one-auarter  of  Us  full  value,  Instpnri  nf 
being  four  times  the  full-load  distance,  works 
oat  at  onl7  2.1  times  the  fnll-load  distance, 
making  the  same  assumptions  for  specific  re- 
sistance, current  density  and  s/S  as  above. 


DETINNING  SCRAP 


Apart  from  the  prospecting  of  new  ore  de- 
posits, other  soareea  are  being  drawn  on  to 
their  full  extent  for  the  production  of  tin. 
In  this  connection  a  most  Interesting  field  of 
investigation  is  the  recovery  of  tin  from  ttn> 
plate  scrap.  Considerable  sclentlflc  work  has, 
therefore,  been  done  to  improve  the  methods  ol 
tin  recoverjr.  That  thla  research  has  an  Im- 
portant commercial  aspect  will  be  realized  on 
a  study  of  the  figures  relating  to  canning  in- 
dustries. The  Swiss  industrlea  eonsumo  To,- 
000,000  tins  annually,  France  uses  80,000,000 
tins,  the  United  States  700,000,000.  besides 
large  consumptions  in  other  parts  of  the  world. 
These  figures  Indicate  that  there  is  a  consid- 
erable product  for  the  extraction  of  tin. 

The  scrap  must  be  first  cleaned  by  roasting 
or  a  caustic  soda  bath.  It  is  also  necessary 
to  free  It  from  solder.  The  Indastry  roust  be 
one  essentially  in  which  large  quantities  of 
the  raw  material  are  assured.  On  the  aver- 
age, the  tin  In  the  scrap  may  be  taken  as  2% 
to  A<yc  and  If  recovery  Is  well  managed  the  loss 
does  not  exceed  10%  to  16%.  Mr.  O.  Crudo, 
In  a  recent  number  of  "Rasegna  Hlnerarla." 
r  xpLiins  the  methods  used  for  extraction,  which 
are  based  upon  electrolysis.  One  method  is 
based  upon  the  property  of  hydrochloric  add 
to  (ilssohe  tin  and  transform  it  \uii>  stannous 
chloride,  from  which  thc^  tin  can  be  extracted 
by  eleetrolyala.  The  more  oommonly  employed 
method  la  that  based  upon  the  uae  of  a  caustic 


aoda.  Bolutlon,  with  or  without  oxidizing  agents. 
The  detlnnlng  tanks  are  ganMalljr  made  of 

iron  plates  communicating  with  the  negative 
pole  of  a  dynamo.  The  scrap,  placed  in  suit- 
able baaketa,  is  immersed  In  the  liquid  and 
communicates  w  ith  the  positive  pole.  The  requl> 
site  electric  energy  is  not  great,  as  with  10 
KW.  to  12  KW..  working  night  and  day.  10 
to  12  tons  of  Bcrap  can  be  trea'pfi  and  200 
kg.  to  300  kg.  of  tin  collected  in  2  4  hours. 

The  strength  of  tlio  causUc  solution  varlea 
from  10%  to  20^;  sodium  hydroxide. 

The  product  is  not  the  purest  tin,  as  the 
electroljttO  prodUOtion  causes  contamination 
by  Iron,  as  much  as  3%  of  Impurity  sometimes 
being  present,  and  it  is  only  by  special  care 
that  a  purer  product  can  be  obtained.  The 
spongy  tin  from  the  tanks  is  desslcated  in 
hydro-extractors  and  the  material  compressed 
after  mixing  'in  n  ctalllc  dust  with  molasses. 
The  blocks  are  dried  in  the  air  and  melted  In 
a  crucible  in  presence  of  tar.  Thus  the  tin 
can  be  melted  without  appreciable  loss,  though 
the  standard  rarely  exceeds  97%  to  98%,  and 
sometimes  It  la  only  9i%  to  95%.  The  dilet 
impurity  is  lead,  which  has  not  any  noxious 
effect  when  the  tin  la  Intended  for  bronse  or 
Botdering  alloys.  To  obtain  purer  metal  the 
Hquatlon  process  must  l»o  employed.  The  iron 
from  the  scrap  is  useful  to  the  Iron  worker, 
owing  to  Its  malleabllltr. — Anatrallan  "Mining 
Standard." 
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THE  ELECTRO -THERMIC  PRODUCTION  OF 

IRON  AND  STEEL 

By  JOSEPH  W.  RICHARDS,  Ph.  D. 

FROM  "THB  JOURNAL.  OF  THE  FRANKLIN  INSTITUTE" 


The  electro-thermic  metallurgy  of  Iron  haa 
to  do  with  two  different  problems. 

1.  The  electro-thermic  production  of  steel. 

2.  The  electro-thermic  reduction  of  Iron  ores. 
Speaking  chronologically,  iron  ores  were  re< 

duced  first  to  wrought-lron,  and  from  wrought- 
Iron  steel  was  made  by  cementation  in  red-hot 
carbon.  Afterwards  Iron  ore  was  reduced  In 
blast  furnaces  to  pig  iron,  which  was  either 


minutes.  Since  a  kilogram  of  melted  steel 
contains  at  least  300  calories,  and  one  of 
melted  wrought  iron  350  calories,  the  heat  im- 
parted by  the  current  was — 

1.6  H  P..  15  min.  =  300  x  0.6  »  150  calories. 
13     HP.,  20  min.  =  350  x  2.7  =  945  calories. 

Since  one  HP.-hour  =  642  calories,  the  full 
equivalent  of  the  power  used  in  the  two  cases 
was — 


FIO.  1.    THE  1.0<H)-HP.  INDUCTION  FURNACE  AT  VOBLKLINOEN. 


used  itself  in  the  arts,  or  served  as  the  basis 
of  production  of  wrought  iron  by  the  puddling 
processes,  or  steel  in  the  crucible. 

The  development  of  the  electro-thermic  pro- 
duction of  steel  dates  from  the  experiments  of 
Siemens,  in  1880,  who  attempted  to  use  a  com- 
bined arc-resistance  furnace  for  melting  down 
steel.  In  this  case  the  material  to  be  melted, 
held  In  a  plumbago  crucible,  formed  one  pole 
and  a  water-cooled  copper  conductor  the  other 
pole.  The  arc  between  the  two  furnished  the 
chief  resistance  and  source  of  heat  energy. 
The  material  to  be  melted,  by  its  broken  struc- 
ture, poor  contacts  between  the  pieces  and 
with  the  crucible,  formed  the  smaller  part  of 
the  resistance.  With  1.6  HP.,  SCO  grams  of 
steel  were  melted  in  fifteen  minutes;  with  13 
HP.,  2,700  grams  of  wrought  iron  In  twenty 


1.6  HP.,  15  min.  =  642  x  0.4  =  257  calories. 
Thermal  efficiency 

=  150/257  =  0.584  =  58.49iw 
13     HP.,  20  min.  =  642  x  4.3  =  2.761  calories. 
Thermal  efficiency 

=  945/2,761  =  0.342  =  34.2%. 
While  these  efficiencies  do  not  appear  at 
first  sight  high,  yet  when  they  are  compared 
with  the  efflclcnces  of  3  to  59c  of  the  heating 
power  of  the  fuel  put  Into  the  steel  while  melt- 
ing It  by  coke  In  a  crucible  set  la  a  melting 
hole,  the  difference  is  striking. 

The  commercial  question  at  once  arises: 
Why  was  Slemen's  method  not  profitable  on  a 
large  scale?  The  answer  Is  to  be  found  In  the 
Imperfection  of  the  furnace  and  not  in  Its  in- 
efficiency. The  water-cooled  copper  electrode 
waa  dangerous,  for  It  quickly  wore  through. 
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The  means  of  regulating  the  current  was  not 
very  good,  causing  great  fluctuations  In  mu 
current  passing.  Tho  crucible  Itself  became 
highly  heated  by  the  current  passing  through 
its  walls  and  lasted  but  a  short  time.  Tb<> 
Bteel  absorbed  both  carbon  and  silicon  from 
the  crucible,  and  copper  from  the  other  elec- 
trode, and  was  thus  changed  in  composition. 
The  whole  operation  and  apparatus  was  con- 
ceived on  too  small  a  scale.  The  efflclency, 
however,  so  far  as  the  operation  went  and 
while  it  lasted  was  not  bad;  power  expended 
at  the  rate  of  385  kilowatt-hours  per  metric 
ton  of  steel  melted,  while  350  are  theoretically 
necessary. 

The  induction  furnace  was  the  first  to  be 
coniraercially  successful  in  producing  steel. 
The  furnace  is  a  transformer  with  a  secondary 
of  one  turn,  which  latter  is  a  groove  filled  with 
the  material  to  be  melted.  The  lining  of  tho 
furnace — the  sides  of  the  groove — were  first 
made  of  silica,  but  later  of  magnesia;  the  lat- 
ter was  most  durable.  The  Induced  current 
generates  heat  by  overcoming  the  resistance 
alone  of  the  material  to  be  melted.  There  Is 
no  arc,  no  electrodes,  no  movable  crucible.  The 
furnace  may  be  placed  on  trunnions  so  that  It 
can  be  poured. 

There  is  only  one  determination  published  of 
the  resistivity  of  molten  iron;  it  Is  stated  by 
Gin  to  be  0.0002  ohm  per  cu.  cm.  The  resist- 
ance of  a  circular  or  other  shaped  closed 
groove  containing  melted  iron  can  therefore 
be  calculated  roughly.  In  an  induction  fur- 
nace the  amperes  in  the  secondary  of  one  turn 
will  be  those  in  the  primary  circuit  multiplied 
by  the  number  of  turns,  less  losses  due  to 


magnetic  leakage.  The  energy  generated  in 
the  iron  will  be  as  its  resistance  multiplied  by 
the  square  of  the  amperes  passing: 

Q  =  RAJ  =  [(r  X  I)  SI 
but  the  weight  of  iron  is 

W  -  1  s/g. 

Therefore  heating  effects  per  unit  of  weight  of 
iron 

QAV     g  AVS». 
From  this  we  see  that  the  rate  at  which  energy 
is  delivered  to  each  unit  weight  of  iron  varies, 
for  one  thing,  inversely  as  the  square  of  the 
cross-section  of  the  metal  in  the  groove. 

The  Kjellln  furnace  first  installed  at  Gy- 
slnge,  Sweden,  in  February,  1900,  held  only 
80  kilograms  of  steel,  and  with  a  78-KW. 
dynamo  produced  270  kgs.  of  steel  In  twenty- 
four  hours.  In  November,  1900,  a  furnace 
holding  180  kgs.  was  built,  and  with  58  KW. 
of  electric  energy  made  600  to  lOO  kgs.  of 
Bteel  per  day.  Next  a  furnace  holding  1,800 
kgs.  of  steel  was  built,  run  by  a  300-HP.  tur- 
bine directly  driving  a  dynamo  giving  3,000 
volts  on  tho  primary  windings  of  the  furnace. 
This  furnace  is  still  in  operation,  making  5,000 
kgs.  of  steel  per  day.  Another  furnace  has 
been  built  and  is  now  running,  operated  by 
165  KW.  of  current,  holding  1.350  kgs.  of 
steel,  and  turning  out  from  pig  iron  and  scrap, 
charged  cold,  five  tons  of  steel  per  day,  and 
when  using  melted  pig  iron  six  tons. 

The  American  Electric  Furnace  Co..  which 
builds  the  Colby  and  KJellln  electric  furnaces 
in  this  country,  Is  now  supplying  steel  melters 
with  induction  furnaces  varying  from  25  lbs. 
of  steel  capacity,  requiring  10  KW.,  up  to  18,- 
500  lbs.  capacity,  requiring  736  KW.  (1,000 


FIO.  2.    TOP  VIEW  OK  VOELKLI.VGEN  l.OOO-HP.  FURNACE.  SHOWI.NG  COVERED  GROOVE  CON- 
TAINING THE  MELTED  METAU. 
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FIG.  3.    BACK  VIEW  OF  VOELKLINOEN  FURNACE.  SHOWING  TILTING  MECHANISM. 


HP.).  The  latter  furnace  melts  80,000  lbs.  of 
steel  Id  twenty-four  hours,  with  an  expendi- 
ture of  600  kilowatt-hours  per  ton  of  steel  If 
charges  are  put  in  cold,  and  500  kilowatt-hours 
per  ton  with  melted  pig  Iron  forming  one-third 
of  the  charge.  A  furnace  on  the  same  prin- 
ciple to  melt  charges  of  150  tons  is  now  in 
course  of  construction  at  the  Roechling'  Iron 
Works,  Voelklingen,  Germany. 

Taking  the  above  figures,  it  will  be  seen 
that  the  induction  furnace  is  attaining  a  high 
degree  of  thermal  and  metallurgical  efficiency. 
The  waste  during  melting  In  the  induction 
furnace  is  only  2.57c,  whereas  it  is  some  5% 
in  open-hearth  practice. 

Taking  the  data  given  for  the  output  of 
KJellln  furnaces  of  increasing  sizes,  the  net 
thermal  cfllclcnclcs  are  as  follows: 

One  kilogram  of  melted  steel,  sufficiently 
over-heated  to  allow  of  casting,  will  contain 
at  least  275  calories  if  high  carbon  steel  and 
325  calories  if  low  carbon  steel;  say  300  calor- 
ies for  average  steel.  One  kilowatt-hour  fur- 
nishes 860  large  calories,  as  Its  heat  equiva- 
lent. We  have  then  the  following  calculations 
for  the  furnaces  in  the  order  given: 

700  kgs.  melted  in  24  hours  by  58  KW. 


36.400  x  300 


Efficiency 


=  0.72  =  72%. 


700  X  300 


Efficiency  — 


0.18  =  18%. 


58  X  24  X  860 

5,000  kgs.  melted  in  24  hours  by  165  KW. 

5,000  X  300 

Efficiency  =  ^  0.43  =  43%. 

165  X  24  X  860 

80,000  lbs.  (36,400  kgs.)  melted  per  day  by 
736  KW. 


736  X  24  X  860 
96,000  lbs.  (43,600  kgs.)  melted  per  day  by 
736  KW..  if  one-third  is  put  in  as  melted  pig- 
iron,  carrying  250  cals.  per  kilogram. 

(4  3,600x300)  — (14,500x250) 

Efficiency  ^  0.62  =  62%. 

136  X  24  X  860 
Charging  part  of  the  charge  melted  Is  seen 
to  lower  the  net  thermal  efficiency,  but  to  In- 
crease the  output  of  the  furnace.  With  cheap 
power,  the  latter  item  is  of  the  greatest  Im- 
portance. 

The  H<>roult  tilting  electric  furance  resembles 
a  tilting  open-hearth  furnace,  with  two  large 
electrodes  passing  through  the  center  of  the 
roof.  The  electrodes  are  built  up  of  carbon 
slabs,  170  cms.  long  and  36  cms.  square,  at  a 
cost  of  about  twenty  cents  per  kilogram.  The 
hearth  is  stamped  in  burnt  dolomite,  the  roof 
silica  brick;  the  electrodes  are  protected  inside 
the  furnace  by  water  jackets,  to  prevent  their 
combustion  by  the  air.  The  furnace  can  hold 
1.000  kgs.  of  steel,  costs  $10,000,  and  such  a 
one  has  been  In  constant  operation  in  La  Praz, 
France,  since  1903.  The  electrodes  dip  only 
into  the  slag,  so  as  not  to  be  dissolved  by  or 
carbonize  the  bath.  The  current  used  Is  110 
volts  by  4,0(J0  amperes,  alternating,  and  the 
principal  resistance  and  seat  of  generation  of 
heat  Is  in  the  slag  between  the  ends  of  the  car- 
bons and  the  metal.  A  disadvantage  of  this 
furnace  is  that  it  cannot  operate  without  a  con- 
siderable layer  of  slag  being  present 

In  such  a  furnace  steel  can  be  made  In  a 
variety  of  ways.    Mr.  H<5roult  has  preferred  to 
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make  It  from  tlie  di««p«st  rmt  nutterlals,  by 

processes  similar  to  ordinary  open-hearth  prac- 
tice. As  is  well  known,  this  involves  the  use 
of  ptffolron.  scrap  Iron  or  steel  and  Iron  ore. 
The  only  difference  between  the  two  proc  asf  s 
is  that  in  the  open-hearth  furnace  there  may 
be  oonriderable  oxidation  Iff  the  gases  tn  tbiB 
furnace,  but  In  the  electric  furnace  Iron  ore 
must  be  relied  on  as  the  ozidisinc  agent;  it  is 
thererore  used  to  a  larger  eztMit  than  eaa  ba 
used  In  the  open-hearth  practice.  Consi-lerable 
Ume  is  added  to  help  form  a  fusible  and  basic 
stag.  The  oaddatlen  of  the  fanpnrtties  eonsamee 
time,  and  therefore  the  aruouTit  of  electrical  En- 
ergy requirad  per  ton  ol  steel  is  greater  than 
In  the  caaee  elted  In  tba  KJellln  indvctlon  for* 
naoe,  where  high-grade  pig  iron  and  clean  scrap 
were  simply  melted  together  in  proper  pro- 
portloBS. 

A  chargo  romposed  of  n.TSS  Iba.  miscellan- 
eous steel  scrap,  430  lbs.  iron  ore  and  346  lbs. 
Han  waa  placed  tn  a  Hdnmlt  f  amaoe.  and  In 
five  hours  and  twenty  mlnntes  was  completely 
melted  to  soft  steel,  yielding  5,161  Ibe.  During 
tbe  melting  1»<80  kllovattrhonn  of  etoetrlo 
energy  were  used. 

The  thermal  efficiency  of  the  furnace  figures 
oat  aa  foUowa: 

The  steel  scrap  is  572  lbs.  heavier  than  tho 
soft  steel  produced,  or  lO^c.  It  Is  very  evident 
that  the  Iron  ore  used  (probably  90%  1^,0,) 
oxidized  some  of  the  carbon,  manganese,  etc., 
of  the  scrap,  and  that  the  scrap  itself  was  prob- 
ablf  oztdlMd.  Miscellaneous  scrap  may  easily 
be  rusted  so  far  us  to  lose  of  its  weight 
while  melting  down.  CalHnK  the  soft  steel  prac- 
tically pure  Iron,  and  the  loss  of  the  scrap  to 
represent  iron  oxide  going  Into  the  slag,  we 
have  as  the  net  result  of  the  melting  5,161  lbs. 
of  pure  Iron  and  a  slag  containing  silica,  iron 
oxide  and  Ume,  weighing  approximately  1.249 
lbs.  (Ferrous  oxide.  860  Ibi.;  allica,  48  lbs.; 
lima,  S46  lbs.). 

Heat  la  melted  soft  ateel  ^  5,i*^^     340  ^ 

1,754,740  Ib.-cal. 
Heat  in  elag  =  l,24i»  x  ooO  =  686.950  Ib.-cal. 


2.441.690  Ib.-cal. 
=  1,109,850  kg.-cal. 
Beat  Talne  of  current  used  = 

1.680  X  860  =  1,444,800  kg.-cal. 
Efficiency  =  1,109,850  -i-  1,444,800  =  77Ve. 

In  working  this  furnace,  with  these  mate- 
rials, the  Blag  produced  Is  a  necessary  part  of 

the  oporatlon,  and  the  heat  It  contafUS  may  be 
taken  as  usefully  applied  heat. 


Tbese  fumaoes  lend  tbentselTea  Tery  well  to 

use  in  connection  with  melting  pig  iron  from 
cupolas  or  blast  furnaces,  or  melted  steel  from 
the  Benemer  oonTorter  or  open-hearth  fur- 
nace. The  electric  furnace  is  fitted  to  take  hot 
metal,  the  product  of  the  ordinary  ateel  fur- 
nace, and  by  reason  of  ttia  Iti^er  temperature 
available  to  make  a  slag  which  will  entirely  de- 
phosphorize the  metal.  Such  working  leaves 
on  the  other  furnaces  tha  ealorlllo  bniden  of 
melting  the  charges  and  giving  them  to  the 
electric  furnace  fully  liquid,  leaving  to  Che 
latter  merely  the  teak  of  ratslng  the  temper»^ 
ture  a  little  higher  and  smelting  upon  them  a 
very  basic  slag.  In  such  cases,  steel  corre- 
spondtnir  In  quality  to  erudble  steel  Is  ob- 
tained at  hut  a  small  cost  P'-^r  ton  advanrt^  upon 
that  of  the  Siemens  or  Bessemer  steel  from 
whldi  It  ta  made.  The  etoelrteally  Imparted 
heat  Is  hero  mostly  used  to  supply  radiation 
losses,  and  only  a  minor  fraction  to  increase 
the  (empaiature  of  the  ateel.  We  cannot,  ther^ 
fore,  in  Justice  to  the  furnace,  calculate  its 
thermal  efficiency  in  the  manner  applied  to  the 
eaae  of  maltlns  a  diarge  down.  In  fact,  tn 
such  cases  we  ran  only  compare  different  fur- 
naces on  the  basts  of  weight  of  metal  kept 
malted  par  givea  time,  a.  c,  per  ton  of  metal 
kept  melted  one  hour. 

Electro-Thernxal  ReducUon.— The  most  in- 
terea^g  appltcatlon  of  aieetrlc  famaoe  meth- 
ods to  the  metallurgy  of  Iron  Is  In  thr  liri'  of 
producing  cast  iron,  pure  iron  or  steel  direct 
from  Iron  ore.  To  this  may  be  added  the  pro* 
ductlon  of  ferro-alloys,  either  by  the  re  ^icMon 
of  other  metallic  oxides  In  the  presence  of  Iron 
or  mixed  with  Iron  ore. 

The  ralson  trcfrf  of  fho  ferro-alloy  industry 

is  aa  follows;  In  the  blast  furnace,  metallic 
oxides  more  dlfllonlt  to  reduce  than  Iron  oxide 

.11  (l.'ConiDosed  to  varying  and  often  to  only 
trifling  degrees.  The  blast  furnace  will  easily 
reduce  99%  of  alt  the  Iron  oxtde  put  Into  It. 
losing  only  19!  of  it  in  the  slag,  unreduced. 
Manganese  oxide  is  not  so  completely  reduced; 
perhaps  60  to  75%  of  It  Is  reduced  to  man- 
gauosu  iiml  alloys  with  the  iron,  forming  a  pro- 
duct as  high  as  85%  manganese,  while  the  slag 
contains  the  rest,  as  unrednoed  MnO.  Since 
good  manganese  ores  are  scarce  and  expensive, 
this  loss  is  annoying  and  costly.  Silica  is  al- 
ways present  In  the  blast  fomace,  and  up  to 
25%  of  It  may  be  reduced  to  silicon,  forming  a 
10  or  even  16%  silicon  pig,  but  there  the  blast 
furnace  reaches  Its  Umlt;  the  temperature  ta 
not  high  enough  to  produce  a  richer  silicon 
alloy.    A  low  per  cent  chromium  alloy  mar 
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FIG.  4.    THE  D188T0N  FURNACE. 


be  made  in  a  blast  furnace,  but  a  great  waste 
of  chromium  in  the  slag;  a  high  per  cent, 
chromium  allov  cannot  thus  be  made.  Tungsten 
oxides  can  be  reduced  to  ferro-tungsten  in 
crucibles,  but  only  to  a  low  per  cent,  tungsten 
alloy  and  with  much  unreduced  tungsten  in 
the  slag.  Titanium,  vanadium,  boron,  cannot 
be  reduced  to  any  appreciable  extent  by  carbon 
and  non-electric  heating.  In  all  these  cases 
cited,  alloys  much  richer  in  the  non-ferrous 
metal,  and  much  more  complete  reduction  of 
the  material  used,  can  be  obtained  in  the  elec- 
tric furnace. 

Just  as  electrically-made  steel  has  first 
found  a  footing  as  a  competitor  of  the  most 
exjjensive  kind  of  steel— crucible  steel — so 
electrical  reduction  has  first  found  footing  In 
the  metallurgy  of  Iron  in  the  production  of  the 
most  expensive  and  difficult  ferro-alloys. 

Reduction  of  Iron  Ores. — The  Canadian  Gov- 
ernment appointed  a  commission  in  1903  to 
report  on  the  possibilities  of  the  electrical 
production  of  pig  iron,  and  in  1906  gave  it  au- 


thority to  supervise  experiments  to  determin* 
the  feasibility  of  this  matter  as  applied  to 
Canadian  ores.  The  experiments  were  carried 
out  under  the  supervision  of  Drs.  Haanel  and 
H^roult,  and  were  the  subject  of  an  elaborate 
report.  Several  hundred  tons  of  pig  iron  were 
made  from  hematite  and  magnetite  ores,  in  an 
electrical  furnace  of  the  type  shown  In  eleva- 
tion and  plan  in  Fig.  7,  showing  the  possibility 
of  producing  a  ton  of  pig  iron  by  about  0.2S 
HP.-years  of  electrical  energy,  and  demonstrat- 
ing the  commercial  practicability  of  the  opera- 
tion in  favorable  localities.  Later,  Dr.  H^roult 
has  erected  for  Mr.  Nobel,  in  Shasta  County, 
California,  a  2,000-HP.  tri-phase  furnace, 
shown  diagrammatlcally  in  Fig.  8,  which 
started  in  operation  July  4,  1907,  and  Is  In 
reality  the  pioneer  electric  pig-iron  furnace  of 
the  commercial  world.  The  whole  subject  is  in 
an  elementary,  but  nevertheless  a  very  rapidly 
developing  stage. 

Problem. — Assuming  100  kga.  of  an  ore  con- 
taining 9%  Fe  O  and  10  SiO,.  fluxed  by  ad- 
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ditlon  of  18  CaCO^  and  reduced  by  20  of  petro- 
leum coke.  Pig  Iron  95  Fe.  4  C.  1  SI. 

Required:  The  probable  electric  energy  re- 
quirement per  metric  ton  (1,000  kga. )  of  pig 
Iron  made. 


■8  rr- 


/ 


FIO. 


SHOWING  MOU.NTINU  (  K  A  HKKOU:^T 
FURNACE  ANP  CASTING  I  11. 


Solution: 

Ore  needed  9.50  -i-  (0.90  x  0.7)  =  LSOS  kgs 
Oxygen  from  reduction      950  x  (48/1  12)  +  10 

X  (32/28)       421  kgs. 
Oxygon  from  CaCO  - 

1,508  X  0.18  X  16/100  -     43  kgs. 
Total  oxygen  -  421  ♦  43       464  kss. 


Carbon  from  coke  = 

1,508  X  0.20  X  0.99  =  299  kgs. 
Carbon  from  flux  = 

1,508  X  0.18  X  0.12  =>  21  kgs. 
Total  C  in  furnace  299  +  21  =  320  kgs. 

Total  C  in  pig  iron  =    40  kgs. 

Total  C  in  gases  =  320  —  40  =;  280  kgs. 

Gases  formed:  — 

280  -J-  0.54  ^  519  ra'  CO  &  CO^ 
-=126  •'  CO 
=  393  •'  CO 
Heat  of  oxidation  of  carbon:  — 

CO  :  212  X  2.430  r.^  515,160  cal. 
CO.:    47  X  8.100  =  380,700  cal. 


895.860  cal. 

Reduction  of  Fe:  &  Si: 

950  X  1,726  =  1.639,700  cal. 
10  X  7,500  =      75.000  cal. 


1.714,700  cal. 
Deficit  —  1.714.700  —  895,860  ^  818,840  cal. 
Decomposition  of  CaCO^: 

56  X  1,026  =       57.450  cal. 
Heat  in  Slag: 

282  X     500  =     141.000  cal. 
Heat  in  Pig  Iron: 

1.000  X  350  =  350.000  cal. 
Heat  Conducted  =  200.000  cal. 
Heat  Radiated  ^     300,000  cal. 

Heat  in  Hot  Oaties  at  500°: 
CO,  126  X  240  30,240 
CO'  393  X  155  =  61,915 


92,150  cal. 


Net  Heat  to  be  supplied     1,959,440  cal. 

Kilowatt-hours  1,9.'»9.400  860  =  2.280 
per  ton  of  piK  iron. 

Kilowatt  years  2.280/8,760  =  0.26  KW.- 
year. 


FIG.  11    FRO.NT  VIKW  OF  A  HEROI  I.T  FrRNACE. 
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FIG. 


1.    £L.BCTR1CAL.  FUKNACE  \}SEO  AT  8AUL.T  STiS.  MINE 
FOR  RBPUCtNO  IRON  ORB  TO  FIO  IRON. 


Reduction  Of  Iron  Ore. — ^Thia  is  realty  only 

a  ^;MHial  cage  of  the  ferro-alloy  practice,  since 
if  tbe  other  metallic  oxides  are  left  oat  we 
can  get  cast  Iran,  steel  or  pure  Iron,  accord- 
ing to  the  excess  of  carbon  used.  Iron  oxM»  s 
are  reduced  in  the  blast  furnace  principally 
liy  CO  gas  formed  by  combaition  before  tbe 
tuyeres.  The  reaction  usually  Ilea  between 
thege  two  equations: 

FeO^  +  9CK>=2Pe+3  CO,  +  «  CO. 

Vc'i-)\  •  0  CO  =  2  Ke  t      CO"  f  H  CO. 
Tb«M  rcactluus  require  either  d  C  ( iUH  parK  ) 


or  6  C  (72  parts)  to  be  burned  at  tbe  tuyeres 

for  every  2  Kf  ill:;  ]iai"t-^>  of  iron  (iroilmi'd. 
Tbls  means  that  the  fuel  used  must  be  some 
TS  to  100%  of  the  weight  of  the  Iron  produced. 
Modern  practice  as-'i^apt-H-  , .  hkm-i'  is  rom- 
monly  used  In  producing  high  silicon  iron,  and 
less  ts  attained  usually  only  with  pure  fuel  and 
purer  ores  than  tlio  average. 

In  the  electric  furnace  ttiere  is  00  blast,  and 
tbe  0  CO  or  9  CO  noted  above  as  formed  by 
combustion  at  ilu  iu..>  !rs  rati  assumed  as 
formed  by  reJuctiou  of  iron  oxide  at  the  hot- 
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PHomrcnoN  or  Pio  iron 


test  part  of  the  furnace.    Tbe  reaction  would 

3  Fe,0,  +  9  C  =^  6  Fe  •  9  ro 
2  Fe,0,  +  6  C  =  4  Fe  +  6  CO. 
nita  BiMuis  that  for  m  given  weight  of  earboo 

used  In  the  two  fiirTraces,  the  electric  furnac«» 
ought  to  turn  out  three  or  four  times  the 
weight  of  fnm  (8  Fe  or  9  Fe  instead  of  2  Fe). 
or  for  a  given  welpht  of  iron  produced  that 
only  1/3  to  1/4  as  much  carbon  need  be  used, 
or  aajr  25  to  SS%  of  the  weight  of  Iron  made, 
1/3  to  1/4  of  75  to  lOO'^r. 

These  figures  are  fully  borne  out  in  practice, 
In  that  espertmeats  have  apiMmtaiated  these 
requlrenifntH.  For  tn!5tnnro,  nt  Llret  0.34  ton 
of  coke  was  uiied  per  ton  of  pig  Iron  produced, 
hat  considerable  Iron  and  mangancee  remained 
In  the  slag.  In  another  expert!7ii-'it  0.41  ton 
was  used,  with  still  iron  and  luaugauese  left  In 
the  slag.  In  the  first  case  0.226  B.HP.^jrear 
was  used  per  ton  of  Iron  prodnrcc!,  in  the  sec- 
ond, 0.47ii.  If  we  plot  those  figures  we  find 
that  0.28  carbon  per  ton  Of  pig  Iron  Is  the 
quantity  which  is  to  be  approached  as  the  pf- 
flclency  of  the  furuacti  is  Increased.  Per  In- 
stance, If  the  famace  could  be  run  on  0.1  MP.- 
year.  the  carbon  required  would  proliably  be 
slrauttaneoiiely  reduced  to  0.30  ton  per  ton 
of  pig  Iron.  This  statement  really  puts  the 
cart  before  the  horao;  it  should  [irdin  rly  read: 
if  the  furnace  by  proper  desigii  and  running. 


was  run  with  0.30  ton  of  fuel  for  reduction  per 
ton  of  pig  Iron,  the  power  conaumpthm  would 
probably  be.  redneed  to  0.10  HP.-jrear  per  ton 

of  product. 

These  flgnree  appear  anomatont.   It  asema 

liko  saying — leave  more  for  the  electric  cur- 
rent to  do.  and  it  taltes  less  current  to  do  it. 
The  explanation  of  the  parados  fe  that  In  tlui 
first  place,  the  electric  current  does  not  per- 
form any  reduction  In  either  case  or  in  any 
ease.  So  that  decreasing  the  carbon  naed  doea 
not  put  any  more  work  of  reduction  on  the 
current:  and  in  tbe  second  case  tbe  carbon  Is 
humed  In  larger  proportion  to  00,  fhna  gtTtaig 
not  only  more  heat  per  unit  of  carbon  but  act- 
ually giving  more  heat  from  the  smaller  weight 
of  carbon  than  was  produced  in  tbe  first  casa 
from  the  larper  woisht.  By  using  less  carbon 
(within  limits,  of  course,)  we  actually  get 
more  heat  generated  bjr  Its  oxidation,  and 
therefore  can  get  along  with  lesa  eleetrloat 
enorgy. 

The  point  to  be  recognized  and  kept  clearly 
In  niitid  Is  tliat  a  given  wefeht  of  Iron  reduced 
liberal f.s  a  i;l\t;u  weight  of  oxygen.  We  have 
approxiriiritt'ly  0.4  ton  of  oxygen  set  free  for  a 
ton  of  pig  iron  produced.  If  this  burns  carbon 
only  to  CO,  It  can  burn  0.3  ton  of  carbon, 
and  give  off  in  doing  it  729,000  calorics.  If  It 
bums  carbon  half  to  CO  and  half  to  CO^,  It 
can  burn  only  0.225  ton  of  carbon,  but  it  will 
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generace  id  doing  it  972,000  calories.  It  it 
oould  poHlblr  bam  flaiteii  all  to  OO,  (It  can- 
not, aa  far  as  we  know,  under  these  clrcum> 
atanoes)  It  could  burn  only  0.15  ton  of  carbon, 
but  would  giMiarmto  tberalnr  l.Si6,000  calories. 
We  therefore  reach  the  Important  conclusion, 
that  the  less  carbon  is  used  In  the  electric 
furnace  xoduelloa  of  Iron  oro  flio  anoro  heat 
will  be  generated  by  Its  combustion,  and  the 
less  electric  energy  will  be  required;  within 
tbo  limits,  of  course*  of  ualns  eoovch  earbon 
to  perform  reductJon. 

The  key-note  to  economy  in  electric  fur- 
nace reduction  of  iron  ore  la  tbe  reduction  of 
the  carbon  In  the  charge  to  the  lowest  poffsible 
minimum.  This  will  coincide  with  the  largest 
poaatble  production  of  CO^  In  the  fumaoe 
gases,  and  the  analysis  of  the  escaptni;  gases 
will  give  an  exact  criterion  of  the  running  of 
tbo  fttHMMse.  it  will  a1«>  ootndde  with  tbe 
mlnlmnm  of  electrical  energj'  needed  to  run 
tbe  fumaoe. 

How  can  tbeoe  conditions  be  attained?  By 
studying  tbe  design  of  the  fumaoe,  and  par- 
tleolarly  the  conditions  favoring  tbe  reduc- 
tion of  Iron  oxide  by  CO  gas,  and  formation  of 
CO^.  Tbeae  are:  slow  passage  of  gases 
throof^  tbo  diarge;  high  oolumi\  of  cdtarge: 
vnifonn  but  small  sfae  of  the  pieoei  of  cbario 


material:  absence  of  dust  or  fines  in  the 
diarge.  Bieetro-metallurgleal  engineers  ehovld 

give  their  best  attention  to  the  study  of  tbeee 
conditions  and  their  accomplishment.  If  this 
Is  coupled  wltb  a  stndjr  of  tbe  best  sbape  of  fbo 
fnrnacfl.  and  the  best  means  of  reducing  radia-- 
tton  and  conduction  losses,  the  minimum  of 
carbon  required,  and  of  electrical  enerer  neo- 
essary  will  be  attained. 

Heat  to  Decompose  Carbonates. — This  is  1,026 
calories  per  unit  of  COi  drlTcn  oft  limestone; 
846  from  dolomlto  it  may  amount  ton  larse 
item  if  much  raw  dux  is  used.  " 

Heat  OoBducted  to  the  Ground. — This  will 
be  very  variable,  according  to  the  size  of  the 
furance,  and  It  may  be  10,000  calories  per  100 
kgs.  of  iron  produced,  and  In  other  cases  two 
or  three  times  that  much. 

Heat  Conducted  to  the  Air  and  Radiated. — ■ 
This  may  be  as  low  as  10,000  calories  i>er  100 
kgs.  of  pig  iron,  and  again  may  be  60,000»  In  a 
small  furnace  poorly  designed. 

Reduction  of  Other  Metallic  Oxides. — These 
may  form  an  Important  part  of  the  charge,  and 
tbe  beat  required  to  reduce  silicon,  manganese, 
and  phosphorous  may  be  quite  large:  also  the 
reduction  of  lime  to  form  calcium  sulphide 
Is  not  to  be  neglected  on  a  high  sulphur 
diarge. 


A  STUDY  OF  ROOF  TRUSSES 


Or  N.  CUFI^RD  RICKER,  D.  Arch. 


The  investigation  described  in  this  bulletin 
had  for  its  original  object  the  determination 
Of  a  formula  for  tbe  weight  of  roof  t^^usses 
more  accurate  than  those  now  in  existence.  As 
the  InTCStlgatlon  progressed,  however,  other 
topics  arose  and  some  interesting  results  were 
secured,  which  It  Is  believed  will  be  of  value 
to  architects  and  engineers.  Very  little  study 
has  been  deroted  to  roof  trusses  In  oompailson 
with  the  thorough  treatment  of  bridge  trusses 
by  eminent  writers.  The  chief  result  of  the 
work  has  been  the  devlfring  of  a  method  to 
save  time  and  labor  by  presenting  data  In  a 
form  most  oonvenieat  for  comparison.  This 
system  will  be  found  coaTenleDt  in  calculating 
an  1  rirslgning  roof  trusses  to  satisfy  given  con- 
ditions, whether  constructed  of  wood  and  steel, 
or  entirOly  of  stseL 


trOB  BaUatln  Ko.  16.  Volvtralty  ot  Illl- 
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In  tbe  determination  of  weights,  general 
mathematical  methods  may  be  readily  applied 
to  most  forms  of  bridge  trasses,  especially  those 
with  parallel  chords;  these  are,  however,  less 
valuable  for  roof  trusses  where  far  more  varied 
conditions  must  be  arbitrarily  limited  in  order 
to  make  such  methods  applicable.  The  results 
are  then  of  doubtful  worth.  A  more  practical 
method  of  luvestlgatton  was  therefore  chosen. 
For  a  sinKle  common  type  of  truss  (with  horl- 
sontol  tie  beam,  vertical  tension  members  and 
Indtned  struts),  nearly  fifty  trusses  of  Tarled 
span  (20  to  200  ft.),  rise,  and  distance  apart 
were  calculated  and  designed  in  the  same  gen- 
eral way.  Next  the  weight  of  each  tmss  was 
carefully  computed;  and  if  this  materially  dif- 
fered from  the  assumed  weight  of  the  truss, 
the  necessary  corrections  w»re  made  In  the- 
sectional  dimensions  and  weight  of  mcmberg.  , 

The  verticals  were  steel  rods  with  upset. 
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wda:  all  otii«r  msmbera  were  Ions  leaf  pine 

timbers.  Splices  in  the  tie-beam  and  its  con- 
nection with  the  principal  were  made  with 
Teitleal  steel  fleta  plates  and  througb  bolts.  A 
purlin  rested  on  each  apex  of  the  principal  and 
supported  the  rafters  ou  which  was  laid  %-in. 
matched  sbeatblnR  covered  by  a  painted  tin 
roof. 

Several  steel  trusses  of  different  spaas  were 
also  designed  and  oompnted.    Their  weights 

for  Bpan8  of  iriO  ami  2nn  focf  wero  found  to 
be  about  the  same  as  those  of  long  leaf  pioe 
and  steel  trusses.  It  la  very  probable,  how^ 
ever,  that  for  short  spans,  steel  trusses  are 
somewhat  heavier  than  those  of  wood  and  steel 
given  by  the  formula;  their  oonneettona  are  far 
more  complex  and  certainly  require  the  addi- 
tion of  a  larger  per  cent,  to  the  center  length 
weights  of  trnss. 

In  accordance  with  the  visiiul  custom  of  en- 
gineers the  roof  was  assumed  to  support  a 
snow  load  and  wind  pressnre  at  the  same  time. 

although  the  writer  iu'liovi-'s  that  this  rxtrrmr 
condition  rarely  occurs.  The  assumption,  how- 
ever, provides  some  anrplus  strength  for  con* 
tinppnrirs.  such  as  unvsnal  snow  fall,  very  vio- 
lent winds,  etc. 

.  The  snow  load  varies  with  latitude,  bat  was 

here  assumed  at  20  ppr  sq  ft.  of  horizontal 
projection  of  roof  lor  location  of  Chicago. 
Denoting  by  i  the  angle  of  Inclination  of  roof 

surface  with  the  horizontal,  we  havp  20  cog  1 
snow  load  in  lbs.  per  aq.  ft.  of  inclined  roof 
surface. 

Wind  Prf<<sure  Normal  to  Roof. — After  a 
critical  evaniltiation  of  a  number  of  formulas, 
the  following;  empirical  expressions  were 
ad(q>ted  as  being  sufficient  and  convenient  In 
use: 


Taking  the  angle  i  in  degrees, 

p.  =  2/S  I,  for  P  =  SO  lbs.  per  aq.  ft  hori- 
zontal pressure. 

P.  ~  8/9  i,  tor  P  40  lbs.  per  aq,  ft.  horl- 
aontal  pressure. 

P.  =^  10/9  i,  for  P  60  lbs.  per  sq,  ft  liorl' 
lontal  prssaure. 

Thest"  formulas  are  applicable  for  values 
of  1  less  than  45°;  for  higher  inclinations,  the 
normal  and  horizontal  pressures  are  equal. 

The  empirical  formula  derived  for  the 
weight  of  the  truss  Is 

a  SB 

w  «  +  » 

25  6.000 

in  which  S  =  span  la  feet,  and  W  —  weight  ot 
trnss  In  lbs.  per  sq.  ft  of  hortaontaJ  projeetloa 
of  the  roof.  For  white  pine  and  ateol  trnaaasi 
take  0.9  of  formula  value. 

Other  Important  deduetloM  from  the  aertoa  ot 
experiments  ar<^  as  follows: 

The  most  economical  distance  between 
trusses  Is  25  ft;  the  total  weight  of  the  rooft 
however,  is  a  minimum  When  the  tniaaes  nro 
spaced  15  ft.  apart. 

The  weigl^t  of  the  truss,  and  very  nearly 
that  of  the  entire  roof,  la  a  minimum  fer  a 
panel  length  of  20  (t. 

No  advantage  results  from  the  uaa  ot  more 
than  2  purlins  per  panel  of  2a  ft.  or  of  mova 
than  one  for  panels  of  ordinary  size. 

Raising  or  cambering  of  the  lower  chord  is 
not  economical,  and  is  done  only  for  effect. 

The  weight  of  trusses  and  that  of  the  roof 
are  each  a  minimum  for  a  rise  of  'iZ  ft.  which 
Is  practically  l/f>  the  span,  identical  with  the 
ratio  for  ordinary  bridge  trusses. 


RECENT  GAS  ENGINE  EFFICIENCY  TESTS 


lu  the  Third  Report  to  the  Gas  Knjfine  Re- 
search Committee,  read  before  the  Institution 
of  Mechanical  Ensineers  on  Jan.  17,  Professor 
Frederic  W.  Burstall  summarized  the  results 
of  experlnionts  made  with  a  lI'iO-HP.  gas  en- 
gine of  special  design.  The  internal  diameter 
of  the  ensine  cylinder  was  16  Ins.,  and  the 
stroke  2  4  ir.s.  in  plaie  uf  using  the  standard 
type  of  admission  valve  on  the  top  and  ex- 
haust on  the  bottom,  an  entirely  new  breech 
end  was  constructed,  with  the  admission  and 
eibaust  valves  horisontal,  care  being  taken 


that  the  interior  of  the  cylinder  Hhould  have 
a  perfectly  flat  end,  like  the  cylinder  of  a 
steam  engine.  The  engine  was  of  the  posi- 
tive scavenging  type  and,  in  order  to  prevent, 
as  far  a.s  pos.^lble,  any  preigoitlons  occurring 
through  hot  surfaces,  every  part  of  the  engine 
exposed  to  the  flame  was  water-Jacketed.  The 
tests  were  undertaken  to  determine  in  the 
first  place  the  thermal  efficiencies  based  on  the 
Indicated  horse  power,  at  various  compressions, 
having  regard  to  the  richness  of  the  mixture; 
and.  In  the  second  place,  to  formulate.  If 
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ponlble,  tb«  law  eonneettng  effldeney  and 

compression.  The  tt'sts  were  made  at  fun 
power  of  the  easlue,  running  on  a  producer 
gas  karinir  a  ealorifle  value  Clover)  of  ISO 
B.  T.  r.  i>f<r  cuhlo  foot.  Tt  was  found  that  In 
all  the  tests  the  mean  pressure  which  gave  the 
hlffbeat  eeonomy  ranged  between  S6  and  95 
Iba.  For  this  particular  engine  the  most  eco- 
nomical compression  pressure  is  about  175  11)8. 
per  aq.  In.  The  partlenlar  oompreaalon  that 
■will  give  the  inaxlnuim  peononiy.  of  course, 
varies  according  to  the  design  of  the  clearance 
apacei,  but  It  doea  not  seem  to  be  prebabla* 
according  to  Profeeaor  Burstall.  that  a  better 


design  than  that  found  In  the  experimental  en- 
gine can  lie  olitaineti.  The  tests  showing  the 
highest  thermal  efficiencr  (41.5%)  were  made 
under  the  following  average  eondfttona:  Oom* 
pression  pressure,  172..'.  lbs.;  mean  explosion 
pressure,  229  lbs.;  mean  effective  pressure,  92 
Ibe.;  I.  HP..  9B.1:  compression  ratio.  7.22; 
cn  ft  of  KaH  per  hour,  3,632:  cu.  ft.  of  gas 
per  I.  HP.-hr.,  38.23;  B.  T.  U.  per  cu.  ft.  ol 
gas  (lower  value).  161.  The  ^ower  required 
to  drive  the  enRine  was  22  HP.,  which,  applied 
to  the  tests  giving  the  highest  thermal  efflcien- 
dea.  yields  a  thermal  effldeugr  of  82%,  reck* 
oned  on  the  brake  horse-power. 


GEAR  ARRANGEMENTS  AND  RATIOS  IN 

MOTOR-CARS 


CONDKNSBD  VBOU  "BNGtNBKftlKa 


The  fact  that  In  the  recent  Scottish  trials  of 

motor  cars  no  less  than  27'",',  or  22  out  of  the 
81  otrs  which  completed  the  trials,  failed  to 
take  their  load  up  ail  the  hlllB,  shows  that  the 
calculation  of  the  gears  for  a  car  Is  not  yet 
always  understood.  The  fact  that  in  the  three 
and  four-speed  cars  the  ratio  between  the  top 
and  hnttoni  speeds  varied  from  2  to  1  to  10  to 
1  confirms  this  view.  There  were  cases,  uo 
doubt,  in  which  the  failure  in  hill-ellmblng  was 
due  to  defects  in  the  engine,  but  in  the  major- 
ity of  cases  it  was  simply  due  to  the  bottom 
tear  not  being  low  enough,  and  the  rsault 
OOuld  perfeetly  we!!  have  boon  foretold. 

In  the  present  state  of  knowledge  as  to 
motor  cars  there  are  ample  data  to  calculate 
the  performance  of  a  car  !>eforeband  w!th  as 
great  accuracy  as  that  of  most  other  kinds  of 
macbtnerr,  and  therefore  the  whole  subjeet  of 
gears  should  be  treated  In  a  scientific  manner. 
In  order  to  calculate  the  performance  of  a  car 
under  certain  speelfled  conditions,  we  want  to 
know  the  resistance  and  the  tractive  effort. 

The  resistance  depends  on — 

1.  That  due  to  rolling  resistance  on  the  road. 

2.  That  due  to  the  gradient. 

3.  That  due  to  wind. 

At  the  speeds  at  which  reasonable  motorists 

Ko.  the  latter  ia  comparatively  smallf  and  for 
hill-climbing  purposes  negligible. 
The  tractive  effort  depends  on«— > 

1.  The  torque  the  engine  will  give. 

2.  The  friction  of  transmission. 


3.  The  ratio  of  gear  between  the  engine  and 

back  wheels. 

4.  The  diameter  of  the  back  wheels. 
Although  we  seldom  know  all  these  factors 

with  ai>sn]ute  accuracy,  we  know  them  near 
enough  for  practical  oilculationa. 

Taking  the  question  of  the  greatest  rselat' 

ance  to  he  overcome  first,  we  may  take  it  for 
granted  that  a  modern  motor  ought  to  be  able 
to  take  Ita  full  load  up  any  hill  on  a  road 
hahlrn,i!l\-  nserl  for  horse  traffic.  This  means 
that  it  must  take  it  up  short  stretches  of  1  in  4. 
The  feetstance  ezpresssd  in  pounds  per  ton 
(2.2  !f»  lh«?.^  due  to  this  pradient  Is  ^60  lbs. 
Kolltng  resistance  will  vary  a  good  deal  with 
the  surface  of  the  road;  but  as  the  surfkee  on 
steep  hills  is  generally  had.  it  may  reach  100 
lbs.  per  ton.  making  a  total  tractive  force  re- 
quired of  6(0  lbs.  per  ton. 

Assuming  that  we  know  the  brake  horse* 
puwer  of  the  eugiue  at  the  revolutions  at  which 
It  gives  its  greatest  torque,  we  can  calonlate 

the  traclive  effort  as  follows:  — 

The  torque  in  inch-pounds  = 

Brake  horse-power  x  CS.024 


Revolutions  per  minute 
The  tractive  foree  in  pounds  per  ton  la  then  = 
Torque  x  ratio  of  ^ear  <  efficiency 
of  transmission 

Weight  In  tons  x  radius  of  drlvlnK  whaela 

in  inches 
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If  there  should  not  bo  an  actual  brake  test 
of  tbe  engine  available,  as  in  Uie  case  of  a  de- 
«lgii  Trhleh  bfts  not  yet  been  ba!1t,  it  Is  QRual 
to  estimate  the  power  the  eiiKine  will  give  by 
assuming  a  toraue  e<iuivalent  to  a  mean  pres- 
■nr»  la  tlw  cylinder  urbleh  fa  estimated  by  ex* 
perience.  In  this  case  it  is  simpler  to  use  the 
assumed  mean  pressure  directly  to  calculate 
tlie  tnctlTO  foroe,  m  foUows: — 

Tractive  force  per  ton  =» 
Cylinder  area  x  stroke  x  mean  pressure  x 

ratio  of  gear  x  efficiency 


Circumference  of  drtvlog  wheel  x  Z  x 
welgbt  in  toaa 

■U  dimensions  being  in  inches.    If  more  than 

one  cylinder,  the  total  area  to  be  tnken 

In  these  formulas  the  only  uncertain  lactor, 
if  we  have  a  brake  test  of  the  engine.  Is  the 
coefficient  of  friction  of  the  tranhmisslon  gear. 
A-bsoIntely  definite  experiments  on  hardened- 
steel  gear  wheels  running  under  the  varying 
oondltlona  of  motor  work  are  wanting;  but  an 
assumption  of  a  loss  of  8%  for  each  pair  of 
gear  wheels  through  which  the  power  passes 
corresponds  very  olowly  with  the  actual  9«e- 
formanoe  of  cars  on  the  road. 

If  we  assume  that  there  is  a  loss  of  8%  of 
the  power  transmitted  for  each  pair  of  gear 
wheels  It  goes  through,  the  following  will  be 
the  efliclencles  of  the  various  arrangements.  In 
these  some  small  losses,  such  as  that  of  the 
back  •haft,  when  running  Idle,  and  that  of  the 
iiji'versal  joint,  are  oinlftedi.  These  may  vary 
Bilgbtly  In  different  cars,  especially  that  of  the 
nnlTereal  Joint.  In  a  well-designed  ear,  bow- 
ever,  this  should  run  practically  straight,  and 
all  the  small  losses  together  should  be  a  negli- 
ble  amount.  The  sbaft-to-ahaft  gear  box  will 
have  an  efQciency  of  92%  on  all  the  speeds,  and 
as  the  efficiency  of  the  bevel  drive  is  92%.  the 
•fllelenoy  of  the  whole  tranamiasfon  from  the 
engine  to  hack  a\Te  will  ho  ^2^r  of  02%,  --  S''':. 

The  direct-drive  gear  box.  when  the  direct 
speed  la  In  use  will  have  an  effldencsy  of  1041%, 
and  therefore  the  efficiency  of  the  whole  trans- 
mission will  be  92%  of  100%,  »  92%. 

Tike  dlrectHlTlTe  gear  box,  wltb  any  of  tbe  In- 
direct speeds  in  use  will  have  an  efficiency  of 
92%  of  92%,  «  S5%,  and  the  efficiency  of  the 
whole  transmlasfon  will  be  92%  of  86%.  =  78%. 


In  the  case  of  a  car  with  side  chains  there  will 
he  the  friction  of  these  in  addition,  which  will 
lower  the  above  efficiencies  about  o%  ait  round. 

In  estimating  the  torque  we  are  likely  to  get 
from  an  engine,  we  should  assume  that  it  is 
not  likely  to  materially  exceed  that  corre- 
sponding to  95  lbs.  mean  pressure,  even  if  the 
compression,  etc..  are  arranged  for  getting  the 
greatest  possible  power;  though  a  few  engines, 
when  carefully  tuned  up,  may  reach  100  lbs. 
If,  on  the  other  band,  power  ia  sacriHoed  to 
other  considerations,  such  as  extreme  silence. 
It  may  he  a  good  deal  less. 

It  i«.  perhaps,  easiest  to  show  the  working  of 
a  formula  by  taking  a  definite  Instance.  Let 
us  assume  a  car  with  four  cylinders,  3^/4x5 
Ins.,  weighing,  with  passengers,  3,360  Iba.,  hav- 
ing SS-ln.  drlTlng  wheels,  a  lire  axle,  and  n 
direct  drive  on  the  top  speed.  Assuming  a 
torque  equivalent  to  95  lbs.  mean  pressure 
and  78%  eOctonear  am  the  low  speed,  we  get  a 
tractive  force  for  genr  ratio  1  to  1  of 

38.48x5x96x0.78 

 47.3  lbs.  per  ton. 

100.6x2x1.5 

Consequentir  tw  a  tractive  force  of  000  we 
must  have  gear  ratio  of 

660 

 =  14.0  to  1, 

47.3 

equivalent  to  a  speed  of  8.2  miles  an  hour  at 
1.200  revolutions  per  minute  of  the  engine. 

A  nioderatc-iiowcred  car  should  probably  ha 
able  to  take  its  full  load  up  about  1  in  16  on 
a  road  with  a  pretty  good  surface,  whieh  means 
a  tractive  force  of  about  200  lbs.  per  ton,  i.  e., 
a  ratio  of  3.3  between  the  tractive  force  on  the 
top  and  bottom  speed.  The  ratio  of  gear  be- 
tween the  top  and  bottom  speeds  will  have  to 
be  greater  than  this,  owing  to  the  lower  ef- 
ficiency of  the  low  speeds,  which  Is  only  about 
S^'^'c  of  the  top.  It  -will  therefore  be  about  3.9 
to  1.  In  a  low-powcrcd  car  the  ratio  should 
be  greater  than  thte.  aa  we  aball  not  be  so 
ambltioua  as  to  go  up  hills  at  our  top  speed. 
In  a  very  high-powered  car,  however,  it  can 
be  a  good  deal  less.  Probably  while  the  low 
and  moderate-powered  car  wants  a  ratio  of 
about  4  to  1,  the  high-powered  car  should  be 
aboat  S.5.  <  ! 
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DR.  JOHN  GALBRAITH 
PRESIDENT  OF  THE  CANADIAN  SOCIETY  OF  CIVIL  ENGINEERS 


Dr.  John  Galbraltb,  the  newly  elected  head 
of  the  Canadian  Society  of  Civil  Engineers,  is 
one  of  the  best  known  and  most  eminent  mem- 
bers of  the  engineering  profession  in  the  Do- 
minion. He  was  born 
in  Canada  and  received 
his  education  there, 
graduating  from  the 
University  of  Toronto 
in  1868.  taking  the 
Prince's  Prize  for  high- 
est general  proficiency. 
After  his  graduation 
be  became  engaged  in 
railroad  work,  being 
employed  on  the  Mid- 
land, Intercolonial  and 
Canadian  Pacific  Rail- 
ways. In  1878  he  was 
appointed  Professor  of 
Engineering  in  the  On- 
tario School  of  Applied 
Science,  and  since  that 
date  has  been  continu- 
ously identified  with 
that  Institution.  This 
school  recently  became 
the  Engineering  De- 
partment of  the  Uni- 
versity of  Toronto,  at 
which  institution  Dr. 
Galbralth  is  now  Pro- 
fessor of  Engineering. 
The  thoroughness  of 
the  work  of  Dr.  Gal- 
bralth is  evidenced  by  the  soundness  of  the 
professional  knowledge  and  the  successful 
careers  of  those  who  have  graduated  from  his 
classes. 

Dr.  Galbralth  has  occupied  many  honorary 
positions,  among  which  are  the  following:  Vice- 


President  of  the  Engineering  Section  of  the 
British  Association  for  the  Advancement  of 
Science;  Vice-President  of  the  Ontario  Land 
Surveyors'  Association,  and  Vice-President  of 

the  Engineering  Sec- 
tion of  the  American 
Association  for  the  Ad- 
vancement of  Science. 
Last  summer,  when 
engineers  throughout 
the  world  were  star- 
tled by  the  fall  of  the 
Quebec.  Bridge,  it 
was  realized  that  the 
disaster  must  be  in- 
vestigated by  commis- 
sioners of  the  highest 
integrity  and  soundest 
engineering  k  n  o  w  1  - 
edge.  Dr.  Galbralth 
was  immediately  ap- 
pointed as  a  member 
of  the  commission,  for 
it  was  recognized  that 
ho  fulfilled  these  quali- 
fications to  the  highest 
degree.  The  authori- 
ties of  the  University 
of  Toronto,  realizing 
the  Importance  of  the 
investigation,  at  once 
released  him  from  his 
duties  for  the  entire 
session,  throughout 
which  the  services  of 
been  of  the  highest 
value.  This  new  honor  which  has  just  been 
conferred  upon  him  comes  at  a  time  when 
it  is  most  fitting  that  his  long  services  to  the 
engineering  profession  and  his  contributions  to 
enRineerlng  knowledge  should  bo  recognized. 


Conrtwy  of  '■  KnginM-rlng  New» " 
DR.  JOHN  OALBRAITH. 


Dr.    Galbralth  have 
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HEAT-INSULATING  MATERIALS 


In  a  rrrnnt  issno  nf  "Stahl  und  Risen,"  Dr 
Steger  discusses  the  problem  of  providing  a 
good  keat  InaulatloD  for  metallurgical  furnace* 
and  apparntUK, 

The  simplest  heat  insulator  1b  non-circu- 
latlDg  atmospheric  air.  But  the  method  of 
enclosinK  an  apparatus  within  a  doiible  Jacket, 
with  a  sufficient  space  ot  air  between  the 
walls.  Is  not  alwayi  applicable.  As  a  subotl- 
tnfr  it  15?  i>osslblp  to  tisp  brick  containing  nu- 
merous holes  and  pores  fliled  with  air. 

The  manufacture  of  porous  brick  from  kle- 
selguhr  (irfnsorial  earth  >  ha^  lonp;  been 
Smown.  The  kieti^lguhr,  mixed  with  a  l>iudiog 
material  like  clay  or  water  glass.  Is  formed 
into  brick  and  bnrnf.  Care  must  be  taken  in 
burning,  since  luu  much  heat  causes  sintering 
and  the  heat-lusulating  property  is  lost.  A 
properly  treated  brick  of  9  %  Ins.  length 
may  be  heated  to  red  heat  at  one  end,  while 
the  other  eml  is  heated  so  moderatetjr  that 
one  can  touch  it  with  the  hand. 

As  kieselguhr  Is  not  always  available.  heat- 
Insulating  brick  has  been  made  from  other 
materials  which  are  better  conductors  ot  heat, 
but  which  are  provided  artiflcially*  with  nu- 
merous poretf.  For  this  purpose  a  mixture  ot 
clay  and  finely  divided  organic  aubstanoes  la 
used.  Thf>  latter  bum.  when  the  brick  Is 
heated,  iindi  r  th<'  action  of  air  which  enters 
into  the  mass  through  the  many  cracks  which 
form.  There  are  thus  produced  Innumerable 
pores.  Suitable  materials  lo  be  added  (<>  tho 
clay  are  finely  divided  peat,  bituminous  coal, 
sawdust,  straw,  wool  waste,  tar,  etc  They  are 
added  to  the  clay  miui  us  a  line  iiowder,  ami 
the  mass  is  thoroughly  stirred  and  mixed  to 
make  sure  that  the  pores  are  uniformly  dla- 
trlbuted  throughout  the  mass.  The  clay  must 
be  "fat,"  so  as  to  b«  able  to  absorb  a  large 
quantity  (up  to  IWr)  of  organic  additions. 
These  additions  co:iTibute  to  the  thorouRh 
burning  ol  the  clay  and  reduce  the  amount  of 
fuel  required. 

I'ndor  certain  conditions  It  may  be  advan- 
tageous to  bum  out  the  added  organic  sub- 
stance not  entirely,  but  only  partly*  so 
a.s  to  i:ain  not  only  porosity,  but  alto 
strength. 

Brick  dense  on  one  surface,  but  otherwise 

fiorous.  iti  iiiaile  hv  iiressint;  a  thin  layer  of 
clay  and  chamotte.  putting  on  it  clay  of  the 

»0  . 


same  fjnallty  and  the  Kam<'*  rontont  of  ^v^l^^r, 
but  mixed  with  an  oxidizablc  material,  tor  lu- 
stanoe,  sawdust,  pressing  again,  drying  and 
burnlnR.  The  sawdust  burns  out.  Such  brick 
is  an  excellent  insulator  for  metallurgical  fur- 
naoss. 

The  highest  dnprec  of  porosity  in  brlrk  can 
be  obtained  by  mixing  kieselguhr  and  organic 
sabstances  with  very  small  quantities  of  bind- 
ing materials  like  clay  or  water  glass.  DtirinR 
the  burning  the  organic  substance  prevents 
the  mass  from  sintering  together  and  beooming 
dense  and  compact.  After  the  organic  snb- 
sLuncesi  are  buined  out  care  must  be  taken 
to  maintain  the  proper  temperature.  The  fin- 
ished brick  lias  the  pores?  due  to  the  hurned- 
out  orgaulc  .^uljstaiue.s  and  the  natural  pores 
of  the  kieselguhr.  Of  special  advantage  Is 
the  addition  of  very  finely  pDwdt-red  rork  with 
kieselguhr.  Cork  contaius  iuuuuierable  pores, 
even  in,  the  smallest  particles.  If  It  is  desired 
to  have  in  the  product  regular  channels  run- 
ning in  certain  directions,  then  thin  wooden 
rods  or  threads  are  placed  in  proper  distances 
from  each  other,  which  later  burn  out. 

Very  suitable  as  a  heat-insulating  brick  for 
roof  construction,  are  hollow  ttiocks.  Thus 
Hoardls  brick,  which  Is  much  used  in  Southern 
Europe  as  an  Insulating  brick.  Is  9%  ins. 
broad.  2%  to  4  ins.  high,  and  1  ft.  8  ins.  to 
<t  ft.  3  ins.  long,  but  the  thickness  of  the  walls 
Is  only  a  little  more  than  ^  In.  Thin  parti- 
tions  pass  through  the  hollow  spaces  so  that 
a  number  ot  channels  of  square  cross-section 
are  formed.  This  brick  Is  made  from  day 
which  contains  a  certain  aiuouni  of  magnesia, 
about  65i>,  and  7  to  8%  of  iron  oxide  and 
12%  lime.  Although  this  brick  Is  made  from  a 
eiay,  wliicli  is  not  really  refractory,  It  stands 
temperatures  up  to  1.000"  C. 

For  higher  temperatures  It  Is  necessary  to 

Use  ^ood  special  clay  for  making  the  Ijrick, 
and  it  is  advisable  to  make  the  thin  walls  of 
these  hollow  blocks  porous  In  the  manner  de- 
scribed before.  To  increase  the  strength  of 
the  blocks  they  may  be  made  dense  and  non- 
porous  on  the  outside. 

The  use  of  hollow  and  riorou.'?  brick  of  ll^ht 
weight  reduces  the  cost  of  erecting  light 
stmctnres.  This  brick  Is  also  nseCnl  for  damp» 
ing  sound. — "Bleetrochemleal  atid  Mstallnrgt- 
cal  Industry." 
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The  VMOng  Speeds  of  HJgta<Speed  Tooto.— 
In  a  eomtQunleatlon  In  a  recent  Issue  of  the 

"American  Machinist,"  Robert  Grtmshaw  glv»»H 
the  speeds  oC  the  new  rapid-cutting  steels,  as 
atated  In  a  report  made  to  the  German  So- 
ciety of  Engineers  by  Prof.  Hermann  Fischer. 
The  average  speeds  given  (or  roughing  cuts 
In  lathes  In  feet  per  mlnnte  are  60-<t5  for  soft 
eaat  Iron  and  steel  of  S.'i.OOO  to  ino.iiiMi  iMs 
T.  S.  per  sq.  in.;  40-&0  tor  hard  cast-iroD  and 
■teel  eaatings,  and  66-100  for  wrought>tron-and 
iteel  of  57,000-64,000  lbs.  T.  8.  per  aq.  In. 

The  Use  of  Peat  as  an  Eeomomlcal  Facl«— 

In  an  address  before  the  Institution  of  Elec- 
trical Engineers,  at  Dublin,  T.  Tomlinson. 
M.  I.  B.  B..  reoentlr  made  some  Interesting 
statements  regardlnp;  the  value  and  <heap- 
nes8  of  the  use  of  peat  as  a  fuel.  He  first 
diowed  that  snffldent  sulphate  of  ammonia 
could  be  recovered  per  ton  of  peat  to  make  the 
fuel  cost  nothing.  He  then  showed  thai  there 
te  obtainable  from  one  ton  of  diiod  peat  or 
ten  tons  of  peat  In  the  boR  about  1,000  B.  HP.- 
hours  as  power,  when  the  peat  is  used  in  con- 
nection with  a  gas^nglne  and  producer  plant. 


Pomps  for  Liquids  should  be  constructed 
from  materials  which  are  not  attacked  by  the 

liquids  elevated.  The  following,  according  to 
"Die  Fordertechnik,"  are  the  best  materials 
for  the  liquids  mentioned: 

Cast  Iron:  Ammonia;  tar:  mineral  oils. 

Gun  Metal:  Vegetable  oils;  salt  water;  mo- 
lasses: beer;  lime  water;  weak  aeetle  add. 

Lead:  Strong  acetic  ncld. 

Lead  (with  a  small  amount  of  tin  and  anti- 
mony) :  Hydrochloric  and  anlphurle  adds. 

Glass:    Strong  acids,  alkaline  liquids. 

Earthenware  and  Gutta  Percha:  Strong 
adds. 


Strength  of  Cold-Drawn  Steel  Bars.— -Ezper- 
InMota  made  reeeotly  at  the  Fwrnsylvanla  State 

College  seem  to  indicate  that,  for  sizes  less 
than  1  ins.  in  diameter,  cold  drawing  yields 
a  product  that  gtvei  results  at  leant  equal 
to  thou  prodnead  hf  cold  rolling.  Tb«  prooan 


of  cold  drawing  (reducing  the  diameter  of  a 
bar  about  1-16  In.  by  pulling  it  through  a  die) 
practically  doubles  the  strength  of  the  bar  at 
the  elastic  limit,  and  increases  its'  ultimate 
strength  from  10  to  15%.  In  all  the  testa 
made  no  appreciable  decrease  In  either  the 
elastic  limit  or  maximum  strength  ooeunred 
as  the  center  of  the  bar  was  approached,  show- 
inn  that  the  compression  due  to  drawing  re- 
sults in  decidedly  more  than  a  aurface  finish. 


Wateiprooflng  ("cmcrctc  Structart>!«. — The  or- 
dinary method  of  waterproofing  by  using  a 
bituminous  coating  and  the  one  used  under  a 

number  of  rnnditloiis  Is  by  thO  appHcation  or 
a  priming  coat  of  paint,  whidl  baa  light  enough 
body  to  enter  the  pores  of  the  concrete  and 
form  an  anchnrasrc  for  the  heavier  bituminous 
coat.  On  top  of  this  is  mopped  a  hot  coat 
of  pure  bitumen.  This  coat  Is  of  varying  thick- 
ness, according  to  the  work,  from  nnp-slxteenth 
of  an  inch  on  a  coucrete  ruof  to  one-fourth  or 
one-half  Inch  for  bridge  floors  and  deep  foun- 
(lationB.  Where  the  coating  is  exposed  to  the 
effect  of  cutting  or  chipping  some  reinforce- 
ment through  the  ooat  or  lome  hard  maatlo 
mix  Is  necessary.  For  vertical  structures 
where  the  cutting  effect  is  not  accompanlea 
1^  heavy  load  the  telnforcement  of  the  coat- 
ing by  the  application  of  a  single  ply  burlap 
is  sufllcient.  Where,  however,  the  water- 
prooSag  la  horlsontal  and  there  la  a  cutting 
load  above  it  is  often  advisable  to  USB  a  maatlc 
mix.— "Waterprooling." 


The  Iinportanre  of  Sulphur  Dioxide  In  the 
.Atmosphere.-— Writers  in  the  past  have  paid 
but  little  attention  to  the  presence  of  sulphur 
dioxide  In  the  nlr  Various  diseases  of  the 
air  passages  may  be  very  materially  influenced 
by  the  presence  of  this  gas,  and  Its  etteet  on 
the  general  health  of  people  Is  undeniable.  It 
has  been  calculated  that  for  every  ton  of  coal 
burned  In  London  sometbtog  like  three  tone  of 
carbon  dioxide  are  produced  or  about  ;tO,000 
tons  per  day.  At  the  same  time  about  2,70(^ 
tons  of  fiflphur  dioxide  are  poured  Into  the 
air.  The  effect  of  all  this  polsonona  gas  pol- 
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latins  tlie  atmosphere  caDnot  but  b«  itrejndidal 
to  the  general  health  of  the  community.  To 
prevent  such  fouUos  of  the  air  In  all  cities 
whera  there  Is  •  great  emunmptlon  ot  ooal. 
legislation  should  be  enacted,  making  it  a  mis- 
demeanor to  throw  out  waste  sulphurous  gas 
Into  tlM  air,  and  a  mcana  ahonM  be  davlaed 
to  save  the  gM  trhtch  is  produced  when  coal 
is  homed.  Haitr  useful  applications  ot  sul- 
phur dIoxMe  ooald  ba  made  wbldi  would  more 
than  cover  the  cost  of  its  removal  from  the 
escaping  furnace  gases. — ^From  an  article  by 
Dr.  TlModor*  W.  Sidiaflar  In  tbe  "Boiton  Medl> 
cal  and  Snrgleal  JwuauL" 


HUIeable  Cast-iron  *«Bt«eL'*— A  trad*  Mto- 

nomer  relating  to  malleable  cast-iron  is  men- 
tioaed  by  Prof.  Bradley  Stoughton  in  the 
"School  of  Mines  Quarterly.**  On  aooonnt  of 
it«  fluidity  such  Iron  may  be  cast  very  cheaply 
In  small  sizes,  and  therefore  the  temptation  to 
uee  it  as  a  material  for  *'€aat«teel  hammers," 
"hard-steel*'  bevel  pears,  "sem!-steel  castings," 
and  even  automobile  "steel"  drop-forglngs,  is 
*  strong  <me.  It  fa  usual  for  the  manufacturer 
when  putting  material  of  this  kind  upon  the 
market  to  qualify  the  name  "steel"  with  some 
other  letter  or  name,  sneh  as  "P.  Q.  steal"; 
but  they  all  differ  from  true  ateel  In  that  they 
were  out  "cast  into  an  initially  malleable 
niasB."  Some  are  made  by  melting  a  largo 
proportion  of  steel  with  cast-iron,  after  which 
the  cooled  metal  may  or  may  not  be  anneaied 
in  iron  oztdo.  Otbori  are  made  by  n  long  or 
thorough  annealing  of  ordinary  malleable 
caiitingb  in  iron  oxide,  by  means  of  which  the 
metal  is  decarbarlzed  to  aomo  depth,  and  ta 
then  rarburized  again  by  a  cementation  pro- 
cess.  Tills  makes  a  very  good  material  for 
soma  purposes,  such  as  small  berel  gears  not 
requiring  strength  or  much  ductility,  but  It 
ought  not  to  be  called  "steel." — "Engineering 
Record." 

The  Effect  of  Lagtit  on  tbo  Ege. — In  a  recant 
article  In  tbo  "Journal  fuer  Gasbeleuditung" 

on  "The  Effect  of  Light  on  the  Eye,"  the  au- 
thors, Messrs.  Schanz  and  Stockhausen,  give 
the  results  of  recent  Invostlgatlons  carried  out 
by  thera.  They  state  that  the  eyo  is  affectod 
by  artificial  light  in  proportion  to  the  bright- 
noM  ot  that  light  tn  candles  per  sq.  In.  The 
frreatcst  allowable  brightness,  which  can  be 
witlistood  by  the  eye  without  bad  effect,  is 
soBMWiwt  mora  tlisn  four  candles  per  sq.  fs. 
It  Is  at  once  seen  that  all  electric  incandescent 
lights  are  above  this  limit.    In  fact,  carbon- 


filament  lamps  have  a  brightness  which  exceeds 
the  allowable  limit  100  times,  metallic-filament 
lamps  exceed  it  270  times,  the  Nernst  lamp  660  . 
times,  and  the  electric  are  lamp  4,000  times. 
All  these  types  of  lights  should  be  covered  With 
a  diffractlve  globe,  made  of  glasa,  so  that  the 
ultra-violet  rays,  which  have  been  found  by 
these  experimenters  to  be  objectionable,  are 
absorbed.  The  only  lights  which  are  not  abovo 
the  allowable  Unit  of  brightness  are  oil  lamps, 
parnfTlno  candles  and  certain  types  of  kerosene 
and  gas  lamps.  The  authors  state  that  eieo> 
trie  lights  with  plain  globes  should  never  be 
ii;-orl  for  illuminating  work  shops  or  school 
rooms.  Lighting  by  indirect  methods  is  al- 
ways preferable. 


Gennan  Cupola  FnoOoe.-— In  a  rooent  la- 
sue  of  "Stahl  uud  SHaen,*'  Mr.  0.  H.  Jaogsr 

slates  that  the  minimum  height  between  the 
tuyeres  and  the  top  of  the  cupola  ahould  be  IS 
to  20  ft.  and  that  In  a  cupola  of  S  ft.  4  Ins.  to 
3  ft.  inside  diameter  it  should  not  be  less 
than  17  ft.  With  auch  practice  good  regeoera* 
tlon  of  heat  Is  Issured.  no  flame  Issues  from  the 
top,  and  economy  of  fuel  rrs  ilts  The  follow- 
ing outputs  are  obtained  per  hour  in  Qermany, 
according  to  the  statamsnts  of  Mr.  Jaagor. 
Cupola  20  Ins.  Inside  diameter,  1  to  tons; 
24  ins.,  2  to  3)4;  28  Ina.,  3^  to  4^;  32  ina., 
4%  to  «:  S6  tna.,  6%  to  »;  40  Ina..  9%  to  10. 
If  the  cupola  is  of  the  proper  height  coke  to 
the  amount  of  6  to  7%  of  the  weight  of  the 
Iron  will  be  required  to  melt  the  iron.  WItli 
T",  it  is  poB.sible  to  get  a  finely-fluid  machinery 
iron.  The  air  should  be  furnished  by  a  blower, 
preferably  rotatory,  which  should  be  able  to 
furnish  the  required  amount  at  pressures  up 
to  40  ins.  water  gage.  The  charges  to  the 
eupola  should  be  broken  small  and  the  shaft 
should  always  be  kept  full.  In  order  to  give 
the  blast  sufficient  velocity  to  penetrate  the 
charge  properly,  the  aoislo  must  be  small.  Tbo 
velocity  varies  from  TOO  to  160  ft.  per  sSOOttd, 
according  to  the  size  of  the  furnace. 


Ideal  MoldiwR  Sand. — The  Ideal  moinini! 
sand  is  a  material  in  which  the  individual 
grains  of  sllez,  constituting  appnnlmatoly  90 
per  cent  of  the  mass,  are  completely  covered 
with  an  overcoat  of  alumina  or  clay,  and  the 
more  nnifonn  tho  gralna  are  in  siao  and 
shape  the  better  Is  tho  sand  with  respect  to 
porosity  in  relation  to  the  average  size  of  the 
grains.  In  order  to  obtain  tho  gxoatast  pos- 
Biblo  uniformity  in  size  of  the  grains,  the  sand 
is  fed  into  a  centrifugal  sand-mixing  machine, 


MARCH.  1806. 


NOTES  ON  ENGINEERING  AND  APPLIED  SCIENCE 


^93 


which  coitstBta  of  a  rapidly  revolvlns  table, 

having  on  Its  upper  surface  a  number  of 
prongs  arranged  concentrically.  The  sand  i» 
led  Into  the  hopper  at  the  top  of  tho  maehiiie, 
from  which  It  falls  upon  the  revolving  table 
and  is  thrown  by  centrifugal  force  from  prong 
to  prong  and  out  asalnst  the  Inaldo  of  the 
cover  or  hood.  It  emerges  from  beneath  the 
hood  In  a  fine  shower,  free  from  lumps  and 
thoroaghljr  mixed.  The  high  rate  of  speed  at 
which  the  table  revolves,  from  800  to  1»200 
revolutions  per.  minute,  causes  the  sand  to  he 
toned  with  much  foroe  from  prong  to  prong, 
thus  breaking  up  agglomerated  lumps  of 
gravel  or  clay,  insuring  not  only  complete  dlu- 
Integratton,  bat  a  degree  of  mixing  not  attain^ 
able  by  any  other  method. — A.  B.  Outer- 
bridge,  Jr.,  In  "The  Foundry." 


The  Strength  of  Wood. — For  the  past  twenty 
years  the  eftects  of  moisture,  temperatore, 
drying,  etc.,  on  the  strength  of  wood,  have 
been  made  the  subject  of  study  hr  many  engi- 
neers and  scientific  societies.  The  results  Of 
the  various  tests  which  have  been  made  are 
summarized  by  H.  D.  Tiodmann  in  a  paper 
recently  read  before  the  American  Society  for 
Testing  Materials.  A  brief  summary  of  the 
conclusl<Hia  reached  by  Mr.  TIedmann  la  hia 
paper  follows; 

(1)  Moisture  has  a  great  effect  upon  the 
•treagth  of  wood,  which  may  be  Increased  by 
artUlelal  drying  over  foar  times  Its  original 
green  strength,  but  in  the  ordinary  air-dry 
atate  It  la  from  i  H  to  2  %  times  aa  strong, 
Thte  does  not  apply  to  large  timbers,  but  to 
sticks  under  4  Inches  thick,  to  which  no  me- 
chanical Injury  has  occurred  In  drying. 

(t)  There  is  a  deflnfte  motsture  condition 
called  the  flber-saturation  point  varying  from 
iO%  to  30%,  beyond  which  the  oell-walls 
cease  to  Imbibe  water,  although  free  water  may 
continue  to  enter  the  pores.  Here  swelling 
ceases  and  the  strength  becomes  constant  under 
given  oondltlotts. 

(3)  Soaking  wood  at  uniform  temperature 
does  not  reduce  the  strength  ot  green  wood, 
hut  warming  the  water  does  reduce  It. 

(4)  Any  kind  of  drying  redvices  the  strength 
when  re-soaked  as  compared  with  that  of  the 
original  green  wood. 

('<)  Certain  methods  of  drying  at  high  tem- 
peratures reduce  the  bygroscopicity  and  con- 
sequentty  the  swelling  and  shrlahage;  and 
when  In  the  a!r-dry  condition  the  strcnrth  Is 
Increased  over  that  of  normal  air-dry  wood. 


hut  when  re-eoaked  It  to  reduced  below  that 

of  green  wood. 

(6)  All  tests  on  wood  should  be  standardized 
at  least  for  moisture,  temperature  and  speed  of 
loading. 


Water  for  Eeonomleal  Bteam  GeneralioBi^ 

Definite  figures  in  regard  to  the  saving  accom- 
plished by  chemically  treating  natural  waters 
for  use  In  steam  boilers,  an  glvMi  by  Mr,  J.  G. 

Wm.  Oreth  in  a  recent  numbor  of  "Tho  Sagl- 
neerlng  Magazine."  He  cites  two  planfa,  eadi 
consisting  of  four  12S*HP.  retum-tuhnlar  htUr 

ers,  one  operating  with  a  natural  supply  almost 
Ideally  adapted  as  a  boUer-feed  water,  being 
'dty  water  takea  from  a  mountain  stream,  and 
tho  other  using  wol!  water  In  order  to  avoid 
the  expense  entailed  by  using  city  water.  The 
costs  of  operation  per  year  (eBdustre  of  tntA 
used)  were  $1,183  and  $1,094.  respectively, 
based  on  an  evaporation  ot  4  gals,  per  hour  per 
HP.,  ti  hours  per  day  for  309  days.  Latsr» 
the  plant  using  well  water  Installed  a  water- 
softening  system,  the  cost  ot  operation  being 
thwrehy  roduoed  to  $690  per  year,  including 
IG'^f  for  Interest  and  depreciation  on  the 
12,000  water-softening  system.  As  to  ihe  aa.\- 
lag  In  fuel  that  can  be  effected,  figures  are 
plven  of  a  ITf.-ITP.  water-tube  boiler  plant 
over  two  periods  of  livo  mouths  each,  the  load 
In  both  cases  being  practically  constant  The 
record  for  the  second  period,  in  which  a  water- 
softening  plant  was  used,  showed  that  22% 
less  coal  was  burnt  than  in  the  first  period.  In 
which  the  water  was  not  treated  before  evap- 
oration. The  treatment  in  this  ease  reduced 
the  number  of  grains  of  incrusting  suhStSIIOSO 
per  U.  8.  gallon  from  35.68  to  2.68. 


The  Ratio  of  Beattag  Surface  to  Grate  Swr- 

face  as  a  Factor  In  Power  Plant  Design. — At  a 
recent  meeting  of  the  American  Institute  of 
Bleetrlcal  Bngtneers.  Mr.  W.  8.  Flnlsy  read  a 
paper  on  this  subject,  discussing  the  effect  of 
varying  the  area  ot  the  grate.  The  writer  de- 
scribed an  interesting  change  whteh  was 
made  in  the  design  of  eighteen  of  tho 
boiler  furnaces  In  the  Fifty-ninth  Street  sta- 
tion of  the  Interborough  Rapid  Transit  Oom- 
pany.  A  second  stoker  was  installed  under 
each  boiler.  This  had  an  area  of  80%  of  the 
area  of  the  original  stoker.  By  this  change 
the  output  of  the  >iot1er  was  cnnslrterably  in- 
creased, although  the  efficiency  remained  the 
same.  A  saving  In  tmiler  room  area  reantta 
frnni  such  a  chnnge  and,  in  ronsefjuence.  a 
iiiinili.  r  of  other  factors  in  the  cost  of  installa- 
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tion.  The  author  efitimates  that  by  the  uee  of 
th«  double^gratQ  instead  of  th9  slnsle-si^te 
■ystem  the  ooit  of  tbe  boiler  houae  may  be  re- 
duced about  409'e,  the  cost  of  boilers  reduced 
S0%.  thmt  of  tbe  piping  about  4U%,  and  tbat 
of  tbe  eoal-bandllng  apparatus  about  16%.  In 
the  case  which  he  mentions  the  total  cost  per 
kilowatt  of  station  output  was  reduced  from 
$125  to  $101.60.  a  saving  of  19%.  From  this 
he  calculated  that  a  plant  with  single-grate 
equipment,  costing  |l&0  per  kilowatt,  a  sav- 
ing of  about  131  per  ktlowntt.  or  SO.9%.  conid 
be  effected  by  tbe  use  Of  tbe  douUe-grmte 
system. 


Tb0  niauHf  of  a  FavMuent  a  Vector  la  lie' 

!>nrabllltj'.— It  Is  nn  axiom  in  many  branches 
of  engineering  that  density  increases  the  sta- 
bllltjr  and  damblllty  of  stroeturea.  Tbis  applies 
to  p!iv*»raent8  which  rrinst  resist  the  pressure 
and  attrition  of  that  which  comes  In  contact 
wttb  them.  The  pressure  and  sboefc  of  wheels 
of  vchlrlps  and  hoofs  nf  horses  are  best  re- 
sisted by  a  concentrated  dense  mass.  This 
applies  to  eeeb  kind  of  pavement  and  helps  not 
only  to  determine  what  kind  of  pavement  will 
best  resist  a  known  or  estimated  quantity  and 
welsht  of  trafllc.  but  also  to  seteet  the  beet 

hlorks  among  any  nf  the  following  prOTips: 
granite,  basalt,  trap,  wood,  brick  or  asphalt. 
Density  Is  an  Important  quality  in  all  eompo- 
sltlon  pavemcntB,  laid  In  monolithic  or  sheet 
form,  such  as  asphalt,  bitiHlthlc.  etc.  Tbat 
which  Is  densest  (other  elements,  as  proper 

mnterlals,  mixtures,  efr.,  being  etnialt  Is  to 
be  preferred.  The  same  reasoning  applies  to 
all  other  kinds  of  pavements;  tf liferent  brleks, 
v/oods,  etc,  proposed  for  paving.  Reqtilre- 
ments  of  minimum  density  for  each  pavement 
should  be  Inserted  In  all  spodfleatlons  In  order 
to  seonre.  In  conjunction  with  other  reqiilro- 
meuts,  tbe  best  possible  pavements.  Labor- 
atory tests,  combined  with  obserratlon  of  the 
results  In  actual  pavements  In  use  produce 
definite  numerical  requirements  of  density 
which  can  be  Inserted  In  pavement  spsctllea- 

tlons, — J.  W.  Hn',vji-fl.  In  a  pai»ef  tiefnip  the 
American  Society  of  .Municipal  Improvements. 


lliuiiiond  luul  Curborunduni  Cr)-««tal<i  in 
Steel. — The  "^iapiBki  Imper.  Rousskago  Tech- 
nltebeskago  Obcbestva*'  during  tbe  months 

of  July  and  Atitni'^t,  publl-^hcrl  an  fnteresting 
communication  Irom  M.  Tchtrnor  to  the  Im- 
perial Russian  Technical  Society,  In  which  the 

nuthor  culls  attention  to  his  researches  and 
publications  between  tbe  years  ol   18C7  and 


187S,  reg:irding  certain  crystals  found  in  hex- 
agonal daws  of  *  small  ingot  of  steel.  The 
author  decided  at  that  time  that  these  cryS' 
tals  were  probably  diamonds.  The  article 
continues  with  a  correspondence  between  the 
author  and  M.  Osmond,  carried  on  between' 
1900  and  1902  on  the  subject  of  these  crys- 
tals which  had  been  the  subject  of  research 
on  tbe  part  of  the  latter  scientist  after  he  bad 
receivr>d  an  ingot  of  steel  already  examined 
by  IL  Tchomof.  The  same  crystals  have  also 
been  described  by  H.  Franck..of  Berne,  and 
are  considered  by  blm  to  be  diamonds.  Others, 
on  the  contrary,  hold  the  view  tbat  they  are 
carborundum,  and  the  question  of  their  chem- 
ical composition  does  not  seem  to  be  entirely 
clear  as  yet.  The  points  in  favor  of  both  views 
are  summed  up  by  It.  Tehernof  in  the  article. 
The  author  concludes  the  discussion  with  a 
few  words  on  tbe  manufacture  of  diamonds 
by  the  process  discovered  by  Moissan.  which 
consists  in  dissolving  carbon  in  molten  iron 
at  a  very  high  temperature  and  in  making  it 
crystallise  by  cooling  at  a  very  low  tempera- 
ture. 


Tbe  naect  of  Mica  on  Concretr.— 'Recent 
tests  made  in  the  laboratory  of  tbe  South  4fc 

Western  R.  R.  show  the  decrease  in  the 
strength  of  mortar  or  concrete  when  the  sand 
contains  an  appreciable  amount  of  finely  pow- 
dered mica.  Ill  ttiany  parls  nf  the  country, 
especially  in  sections  of  North  and  South  Caro- 
lina. Tennessee.  Virginia  and  Pennsylvania, 
tlie  sands  contains  much  inica,  the  coarser  con- 
taining from  iVc  to  4</«  and  tbe  liner  contain- 
ing from  109!>  to  15^ 

These  sands  show  an  increase  in  voids  as 
well  as  a  decrease  in  strength.  Tbe  Increase 
in  voids  alone  will  decrease  the  value  of  the 
f-and  for  concrete,  while  the  surfaces  of  the 
mica  are  slick  and  do  not  ni^Ke  a  good  bond 
with  the  surrounding  oement.  Sand  which  con- 
tains 21*'  mica  requires  three  times  the 
amount  of  water  for  mixing  as  tbe  same  sand 
without  mica. 

The  mica  used  in  the?e  te^ts  ranged  from 
2.15  to  2,riO';.  averagiriM  Z.^^'^.  and  was 
ground  until  all  passed  a  No.  1 0  standard  sieve, 
20'',  a  No.  20  sieve.  1 0' :  a  Xo.  iiO  sieve  and 
a  No.  100  sieve,  making  it  as  near  as 
possible  like  the  mica  in  tbe  natural  sand. 

One  series  of  tests  was  made,  using  Ottawa 
sand  and  another  with  Pittsburg  crushed  quarts. 
All  mixtures  wore  made  of  one  part  cement  to 
three  parts  sand  or  sand  and  mica.  The  tests 
sliowe.l  a  decrease  in  tensile  strength  of  30  to 
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<0%.  aceordlDs  to  the  proportloii  of  micft, 

which  ranged  from  to  20'^.  for  bsiqupttes 
six  moQtbs  old.  Briquettes  a  year  old  showed 
a  Bttll  riwitor  Hiemm  In  tenillo  atransfh, 
when  comparpd  to  specimens  made  with  sand 
containing  no  mica. — W.  N.  WUlts  in  "The 
Ensineorlng  Reoord." 


Cellulose  Acetate  for  Wire  Insulation. — Ow- 
Ing  to  the  fact  that  silk,  when  used  for  insu- 
lating copper  wire.  Is  expenstve.  iind  that  cot- 
ton occupies  a  larse  proportion  of  the  winding 
apaoe.many  chemical  bubstances  have  been  tried 
as  substitutes.  Cellulose  acetate  and  enamel 
have  proved  to  be  the  best  thus  far  tried.  The 
mechanical  properties  of  this  substance  make 
it  a  desirable  substance  for  Insulating,  espe- 
cially when  used  for  very  fine  wires.  It  Is 
elastic  and  can  be  stretched  considerable  tie- 
fore  rupture  takee  place  and  Its  resistance  is 
very  high. 

The  wires  to  which  cellulose  acetate  is  par- 
ticularly adapted  as  an  tnsalatlng  agent,  are 
very  fine  wires,  stieli  as  O.OOS  to  0.005  In.  In 
diameter.  For  larger  sizes  the  enamel  coating 
Is  more  suitable.  The  advantages  of  cellulose 
acetate  over  silk  and  cotton,  vheire  nsed  to 
insulate  wires  for  winding  Colls,  are  shown  In 
the  following  table: 


C0MPARI30.N  OF  COILS  WOUND  WITH  WIRES  IN- 
aULATBD  WITH  CBLLULOdR  ACSTATE.  SILK 
AND  COTTON. 


DIaniPter  of  Spool  

1  in. 

1  in. 

Outside  Diam. 

iBsmtfetion         or  coil. 

ftoatiUBM. 

WtoC 

otOoll.  ilm.) 

(OllBH.) 

OnU.  (Iba.) 

Acetate   4.20 

78.300 

2.22 

Single  suit.. 5. 5 3 

89.&00 

3.04 

Single  Cotton.9.$0 

244,000 

6.73 

— Condensed  from  an  article  by  R.  Fleming 


In  the  "General  £lectric  Review." 


Belt  Electrirlf J . — Tti  a  recent  lesne  of  the 
"Gbemiker-Zeitung"  Prof.  M.  M.  Richter  con- 
tributes an  Interesting  article  on  "Belt  Elec- 
tricity "  Tie  nttrlbutes  iii;inv  fxijln.sioiis  which 
have  taken  place  In  various  industries  to  the 
production  of  high  static  charges  upon  the  ma- 

chhiery  lifiiida.  This  appears  to  !>.'  particularly 
the  case  when  resinous  products  are  placed  on 
the  belt.  Experiments  were  made  with  a  5^4- 
inch  broad  bolt  which  (diihl  ln'  drawn  ovor  a 
wheel  going  at  600  to  2,000  revolutions,  by 
means  of  a  motor.  Potential  measurements  by 
moans  of  au  electroscope  showed  that  in  the 
middle  of  the  belt  a  P.  D.  of  13.000  volts  rx- 
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toted.  On  dtscharge  a  spark  of  from  1  to  IH 

ins.  was  obtained. 

The  dryness  of  the  belt  and  of  the  atmos- 
phere and  the  apeed  at  whldi  It  was  driven 

effected  the  P.  D.  With  a  belt  1  %  Ins.  wide, 
when  it  passed  over  the  pulley  18  times  in  the 
minute,  the  P.  D.  In  the  centre  of  the  strap 
was  1,800  volts.  Running  the  belt  loose  or 
tight  did  not  affect  the  voltage  of  the  static 
charge  produced.  It  to  obvious  chat,  in  works 
in  which  the  atmosphere  is  dust  laden  or  eon- 
tains  vapors  of  oils,  etc.,  which,  wheu  mixed 
with  air.  become  explosive,  dangerous  explos« 
ions  may  be  produced  by  discharge  Of  the  Static 
electricity  in  the  belt. 

Bxperlments  were  tried  to  prevent  the  for- 
mation of  such  charges  by  coating  the  belts 
with  bronze  or  aluminum  powder;  it  was,  how- 
es'er,  found  that  the  effect  was  UDsatlsfactory. 
However,  the  author  found  that  If  glycerine, 
which  must  be  acid  free,  is  smeared  over  the 
belt,  the  hygroscopic  nature  of  the  substance 
keeps  the  belt  moist  and  prevents  the  forma- 
tion of  static  charges.  The  best  mixture  to  one 
part  of  glycerine  and  one  part  of  water;  this 
can  be  put  on  with  a  sponge  as  the  belt  passse 
round,  and  should  be  renewed  weekly.  A  fur- 
ther advantage  is  that  the  glycerine  increases 
the  life  of  the  belt. 


Fog  and  Its  Mitigation. — In  a  recent  article 
in  the  London  "Times  Knglnecring  Supple- 
ment," Sir  Oliver  IxKlge  makes  some  interest- 
ing suggestions  as  to  methods  of  preventing 
and  dispersing  fogs.  He  states  that  fogs  in 
cities  are  largely  due  to  the  presence  of  dele- 
terious gases  In  the  atmosphere,  such  as  car- 
bon and  sulphur  dioxides  as  well  as  tarry  and 
other  products  of  the  distlilatioD  and  incom- 
plete combustion  of  coal.  By  proper  regula* 
tioii  of  coal  consumption,  such  as  itnproveil 
fire-places,  Intelligent  stoking,  special  boiler 
appliances,  etc.,  much  can  be  done  to  prevent 

the  throwing  out  of  these  noxious  and  fop- 
produclug  gases.  The  author,  however,  sug- 
gests the  following  method,  which  has,  at  least. 

the  advantaKc  of  novelty:  "The  real  an<!  ulti- 
mate remedy  is  not  to  allow  the  importauon 
of  coal  at  all  Into  a  large  town,  but  to  have  It 
converted  Into  partially  purified  gas  outside. 
It  would  thereby  become  possible  to  do  away 
with  the  conveyance,  by  road  or  rail,  of  fuel 
in  the  polld  form  altoKetber;  and  to  depend 
upon  the  flow  of  gas  through  pipes  laid  down 
for  the  purpose.  The  gas  could  be  made  at  the 
coal-pits  wltlmut  nrv  locomotion  of  coal.  It 
can  be  made  in  such  a  way  as  to  economize  the 
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▼aluablo  products  of  distillation,  and  to  give 
A  useful  kind  of  coke;  and  tben  the  non-ll- 
Imntnatlnff  lieatlng  gas  thus  provided,  after 
such  a  minimum  of  purification  as  may  be 
tbought  BUfflcieat,  can  be  forced  alonf  immeDse 
inaltis  to  tbo  distant  toTnia,  Just  as  water  is 
now  Eupplird."  Tho  nbovo  suggestions  deal 
witb  tbe  matter  of  prevention  of  town  fog. 
Oountry  mlats  and  aea  fogs,  lie  bellerea,  maj 
be  due  tn  the  electrification  of  the  atmosphere. 
Normally  the  air  is  aegatlTely  charged,  but 
when  the  atmoapherie  potential  hecomea  posi- 
tive, the  result  may,  according  to  the  author, 
be  a  condensation  of  the  moisture  present.  He 
suggests  the  discharge  ot  high-tension  eleetrio- 
Ity  of  negative  sign,  Into  the  air  on  a  large 
scale.  This  m&y  possibly  have  the  effect  ot  dla- 
elpftttng  fog.  In  a  small  laboratory-  ezperlmeot 
it  had  the  effect  of  condensing  smoke  Into 
black  snow  and  mist  into  rain.  What  the  et- 
feot  of  autih  discharge  on  a  targe  wale  wottld 
he  cannot  be  predloted,  hat  It  wUl  enrelr  be 
tried  before  long. 


Water  TreatmeBC  wittt  Bailm  Salts.^ — On 

the  question  of  water  (softening,  It  has  heen 
pointed  out  that  whereas  lime  could  be  best 
nsed  (or  redaelng  temporary  hanlnesa,  the  use 

of  soda  to  reduce  permanent  hardness  Involves 
the  production  of  sodium  sulphate,  which  re- 
mains In  the  water,  being  very  soluble,  until  It 

concentrates  to  tbe  point  of  crystallisation.  It 
was,  therefore,  suggested  that  a  barium  salt* 
might  be  employed.  Barium  carbonate  Is  in- 
soluble, and  so  Is  barium  sulphate.  Xow,  by 
putting  barium  carbonate  into  a  water  ren- 
dered bard  by  lime  sulphate,  the  barium  and 
the  lime  will  exchange  acids,  the  lime  sulphate 
becoming  a  nearly  insoluble  lime  carbonate, 
and  tbe  barium  carbonate  becoming  an  equally 
insoluble  sulphate.  Both  products  precipitate 
and  leave  a  water  practically  pure.  It  is 
claimed  that  the  barium  carbonate,  though  not 
soluble,  can  be  acted  upon  by  the  bard  water 
to  this  effect,  and  that  as  it  is  Insoluble,  no 
care  is  needed  in  correctly  proportioning  the 
amount  of  the  added  reagent.  Barium  hydrate, 
which  Is  soluble,  may  also  be  employed.  This 
salt  win  also  decompose  limo  sulphate  with 
the  production  ot  lime  (CaO),  and  this  lime 
will  serve  to  reduce  any  lime  bicarbonate  to 
the  extent  of  the  proper  equivalent.  The  only 
bar  to  the  use  of  the  barium  salts  at  present, 
apart  from  their  poisonous  qualities.  Is  that 
they  are  loo  costly.  It  is  expected  tb;it  l  y  elec- 
trolytic means  the  carbonate  or  hydrate  of 
barium  may  before  long  he  made  so  cheaply  as 


to  enable  the  salts  to  take  the  place  of  soda 
in  water-softening,  with  the  atrave  advantage, 
that  the  water  will  he  really  deared  of  Its  salts. 
The  soda  process  for  gypsum  water  is  well 
known  to  leave  a  greater  weight  of  salt  in 
ROtntlon  than  was  present  Itefore-  softening, 
with  the  difference  that  the  new  Ingredient 
may  concentrate  very  considerably  before  it  de- 
poslto,  and  the  concentration  point  will  rarely 
occur  with  care  and  attention.  All  the  soda 
salts  are  so  soluble  that  there  Is  no  means  of 
removing  them  tnm  solution  eieept  by  oon> 
centration.  The  treatment  with  barium  should 
come  Into  use  if  barium  salts  can  be  produced 
at  a  cheap-  rato.^ — ^"Tbe  Btectrteal  Review," 
(London). 


Investigations  on  the  Rusting  of  Iron. — The 
results  of  recent  InvesUgatlons  carried  out  In 

the  Kgl.  Technische  Hochschule  in  Munich  by 
M^rs.  A.  Schleicher  and  Q.  Schuitz,  regard- 
Ing  the  rustlBg  of  Iron,  are  recorded  In  a  re- 
cent Issue  of  "Stahl  und  Elsen."  Tbe  experi- 
menters started  out  to  find  whether  wrought 
or  east  Iron  was  more  easily  attacked.  Two 
plates  were  taken.  Immersed  in  water,  and  made 
to  form  part  of  a  circuit  with  which  a  galvano- 
meter waa  connected.  In  the  first  serlee  of  es- 
perlments  two  rusty  plates  of  wrought  Iron 
were  used.  On  Immersion  the  voltage  steadily 
roee  for  some  minutes  and  then  fMl  to  lero 
after  ninety  minutes.  Cloudy  streams  were 
observed  flowing  down  from  each  plate  at  the 
end  ot  an  hour,  and  at  the  end  of  thIMr  min- 
utes more,  the  two  streams,  which  bad  flowed 
together,  rendered  the  whole  liquid  turbid.  It 
waa  at  this  time  that  the  lero  TOltage  waa  at- 
tained. In  the  second  test  two  clean  plates 
formed  the  couple.  The  voltage  rose  at  first 
and  then  fell  below  zero,  indicating  that  the 
poles  had  become  changed.  The  voltage  then 
roae  Bteadlly  for  some  time,  but  never  reached 
as  high  a  iiolut  as  that  attained  by  the  rusty  . 
plate  couple.  When  the  couple  consisted  of  one 
rusty  and  one  clean  plate,  the  latter  remained 
the  cathode  throughout  tbe  duration  of  the 
experiment,  so  that  tbe  voltage  was  always 
below  the  zero  point.  These  results  are  taken 
by  the  experimenters  to  indicate  that  the  pro- 
cess of  rusting  is  an  electrochemical  one.  If 
the  voltage  remains  constant  the  two  plates 
arc  undergoing  the  same  amount  of  change; 
if,  however,  the  voltage  changes,  one  plate  is 
undergoing  more  rapid  change  than  the  other. 

In  addition  to  the  above  tests  the  experi- 
menters made  investigations  on  the  amount  of 
Iron  dissolved  from  cast  and  wrought  iron 
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Bhavlnss  of  different  compo&ltioos.  wblch  were 
flubjeeled  to  the  mOoh  ot  water  and  carboii 

dioxide.  The  results  showed  that  cast  Iron  was 
more  liable  to  rust  than  wrought  iron.  The 
aama  oonelnstoo  waa  raadied  when  the  ihar- 
Ings  were  exposed  to  the  action  of  water,  air. 
and  carbon  dioxide.  No  results  were  obtained, 
howwfw,  whitih  would  lead  to  show  what  elMot, 
If  any,  the  percentages  of  carbon,  sllleon,  etc., 
contained  in  the  iron,  have  upon  its  liability 
to  rust. 


Tests  OB  Concrete  for  Heat  Beeiataooe^—- A 

number  of  interesting  teeta  were  recently  made 
in  the  power  house  of  the  West  Penn  Railways 
at  Conaellsvilie,  Pa.,  to  determine  the  adapt- 
abUltr  of  oonerete  for  uae  In  the  construction 

of  smoke  flues.  The  tests  were  conducted  by 
F.  W.  Scheidenhelm.  construction  engineer  for 
the  company. 

In  the  first  teat  fi . i  i  ecimeus  were  made, 
each  6  in.  X  $  in.  X  3  in.  with  a  6  in.  x  6  In. 
piece  of  S'in.  meih,  No.  10  gage  expanded  metal 
placed  %  in.  from  the  bottom.  One  of  these 
yian  made  of  three  parts  sand  and  one  of 
cement  The  others  were  made  with  three 
parts  of  sand  and  cement  and  lime  In  varying 
proportions  to  make  up  one  part  at  the  end  of 
two  weeks.  The  speotmsas  were  pnt  In  tiie 
baclE  of  a  boiler  at  the  power  house,  directly 
above  the  flue,  where  they  received  the  heat 
from  the  flne  gases  Just  before  the  gases  pas* 
Into  the  smoke-fluo.  They  were  exposed  to 
heat  for  approximately  84  hours.  The  temper- 
ature was  about  800*  P.  at  the  end  of  the 
test.  The  specimen  made  without  lime  showed 
no  appreciable  deterioration  as  to  hardness.  A 
small  oraek.  however,  appeared.  The  aped- 
mens  made  with  lime  softened  appreciably. 

In  the  second  test  two  specimens  were  ex- 
posed to  heat  under  same  conditions  as  the 
specimens  described  above.  The  specimens 
were  12  in.  x  12  in.  x  3  in.  with  a  similar 
pleoo  ot  expanded  metal  plaeed  about  three- 
quarters  of  an  inch  from  the  bottom.  One 
specimen  contained  sand,  cement  and  cinders 
in  the  proportion  of  l.  t,  4;  the  other  con- 
tained lime,  sand,  cement  and  dndera  in  the 
proportion  of  %,  %,  2,  4. 

At  the  end  of  the  test  block  Mo.  1  was 
slightly  cracked;  otherwise  it  was  sound  and 
hard.  The  cracks  seemed  to  extend  nearly 
through  the  whole  blo6k.  Block  No.  2  had  sur- 
face cracks  only,  but  was  very  much  softened, 
as  was  discovered  by  tapping  with  a  sledge. 
The  cinders  in  both  blocks  showed  some  signs 
ot  burning,  althongh  this  did  not  seem  to  have 


affected  the  block.  Mr.  Scheidenhelm  con- 
(duded.  however,  that  this  tendenoy  to  bumlnc 

was  suflUcIenr  tn  fondemn  the  use  of  c'.nJers 
in  making  concrete  for  flues.  The  testa  also 
showed  the  weakening  effect  of  Itme  when  used 
in  places  where  the  concrete  was  subjected  to 
heat. — Condensed  from  "The  Street  Railway 
Journal." 


Breathing  Apparatus  for  Fse  In  Mines. — 
Owing  to  the  dangers  attendant  upon  working 
In  many  mlnee,  particularly  after  explosions, 
breathlnc  apparatus  of  various  kinds  have  been 
devised.  The  essential  requisites  of  such  de- 
vless  are:  ( 1 )  To  allow  the  wearer  to  remain 
la  an  Irrespirable  or  poisonous  atmosphere  for 
some  time,  and  (2)  to  allow  a  man  to  crawl 
through  or  under  such  obstacles  as  may  be 
encountered  after  a  mine  espkMlos>  with  the 
same  ease  as  an  unencumbered  man.  Thrae 
objects  are  attained  by  connecting  the  mouth 
with  a  breathing  bag  or  box,  into  which  oxygen 
Is  delivered,  and  from  which  the  ejdialed  ear^ 
bonic  acid  Is  absorbed;  by  making  and  arrang- 
ing the  required  apparatus  so  that  it  Is  as  light 
as  possible,  and  la  adapted  to  the  body  In  su4di 
a  way  as  to  unfetter  the  movt  :rn  ntg  of  the 
wearer,  and  to  Increase  the  girth  of  the  body 
as  little  as  possible.  The  apparatus,  too,  must 
not  project  in  such  a  way  as  to  dislodge  beams, 
rocks,  etc.,  when  the  wearer  is  exploring  dan- 
gerously eneumbered  ways  after  an  ezploston. 
The  apparatus  should  fit  him  so  that  he  knows 
he  can  pass  through  where  his  head  and 
shoulders  can  pasa.  The  apparatvs  must  be  atr 
tight  from  without  inwards  to  prevent  the  en- 
trance of  irritating  vapors,  such  as  thick 
smoke,  and  the  eyes  must  be  protected  from 
the  same.  The  apparatus  should  allow  of  the 
mouthpiece  being  removed  so  that  a  few  words 
of  direction  may  be  spokMi  or  drink  taken  It 
occasion  arises.  There  is  no  risk  In  doing  this 
so  long  as  the  tube  leading  from  the  mouth- 
piece to  the  breathlng*ba«  can  be  closed  by  the 
thnrab. 

The  breathing-bag  must  be  large  enough  to 
contain  the  deepest  inspiration  or  expiratloa 

quite  paslly.  Inspiration  out  of  an  empty,  or 
expiratloa  into  a  full  bag  is  very  distressing 
and  not  free  from  risk.  The  breathing  volume 
while  resting  Is  about  30  cu.  Ins.;  while  work- 
ing it  may  reach  0  0  cu.  ins.  The  bag  must  be 
moderately  distensible. 

The  carbon  dioxide  is  absorbed  from  the  re- 
spired air  by  sticks  of  sodium  hydroxide  placed 
at  the  bottom  of  the  breathing-box  or  bag.  The 
oxygen  Is  supplied  from  bottles  which  are 
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strapped  on  the  back  of  tho  mioer.  These  are 
filled  with  the  gas  under  pressure.  The  sup- 
ply is  sufficient  to  deliver  about  t-wo  quarts  of 
oxygen  per  minute,  and  the  supply  is  sufflcient 
to  last  about  two  hours.  A  pressure  gage  Is  at- 
tached to  the  front  of  the  breathliig-bag  and 
the  miner  can  see  at  any  moment  bow  much 
loDger  his  supply  of  oxygen  will  laet. — From  a 
lecture  dellTered  by  Prof.  L.  Hill  before  the 
Kortb  StftOordshtre  Imtltute  of  Mining  and 
Mschanlcal  EmrtHMrB. 


TMataneiit  of  Decajred  8Coae.^Wlien  the  de- 
cay of  stone  has  been  caused,  or  partly  causedi 
by  tbe  attack  of  aulphurlo  add.  baryta  may 
be  vied  to  remedy  the  trouble.    Tbe  eastest 

"way  of  applying  this  earthy  base  Is  In  the  form 
of  baryta  water.  Tbia  la  a  lolutlon  In  dla^ 
tilled  water  of  barium  hydrcndde.  A  aolutlou 
saturated  at  the  summer  temperature  Is  used 
in  the  following  manner:  Dust  and  loose  par- 
tldee  of  atone  Rhonld  be  removed  from  the  rar- 
face  to  be  treated  by  means  of  a  jet  of  air, 
although  there  are  coses  where  the  stone  may 
be  aafely  dleaned  by  mea&a  of  a  dry  brush. 
Then  the  baryta  water  should  bo  applied  in 
the  form  of  spray  to  the  surfaces  of  the  de- 
eayed  atone,  the  use  of  a  bmeh  of  any  kind,  at 
this  stage,  being  generally  inadmissible.  The 
spraying  should  be  repeated,  at  intervals  of 
two  or  three  daya,  until  the  treated  atone- 
work  has  become  hard  enough  to  bear  the 
application  of  a  paint  brush  freely  charged 
with  baryta  water;  In  some  eaaea  a  garden 
syringe  having  a  fine  rose  jet  is  a  convenient 
Instrument  to  employ.  For  all  external  stone- 
work and  In  all  Interlon  not  artlfldally 
warmed,  the  baryta  treatment  must  be  carried 
out  in  the  summer,  preferably  in  dry  weather. 
The  baryta  solution,  whidt  penetmtea  to  a 
considerable  depth  In  the  case  of  porous  stones, 
seldom  hardens  the  surface  appreciably  until 
It  haa  been  applied  MTeral  tlmee;  eight  or  nine 
applications  are  sometimes  required.  Roughly, 
one  gallon  of  baryta  water  serves  for  a  single 
treatment  of  twenty  superActal  yarda. 

Several  cautions  must  be  given  as?  to  the 
carrying  out  of  the  baryta,  treatment.  Baryta 
water  being  poisonous,  the  workmen  engaged 
in  applying  It  must  be  told  of  the  necessity 
of  wasliing  their  hands  before  eating.  And  as 
the  flno  spray  is  liable  tu  be  inhaled,  it  is  ad- 
visable for  the  men  to  place  occasionally  on 
the  tongue  a  crystal  of  sulphate  of  soda  and 
to  swallow  the  solution  formed:  thus  any  eoliir 
ble  barium  compounds  in  the  mouth  are 
changed  Into  the  Insoluble  and  harmless  sul- 
phate. The  baryta  water  mnat  not  be  expoied 


more  than  can  be  helped  to  the  air,  as  its 
strength,  and  In  consequenoe  Iti  elBeaey,  will 

be  impaired  by  the  absorption  of  carbonic  arid, 
which  cauf^es  a  precipitation  of  the  carbonate. 
Then,  too,  the  baryta  water  must  not  be  al> 
lowed  to  cool  below  60'  P.,  or  It  will  be 
weakened  by  the  separation  of  crystals  o£ 
barium  hydrate. — Condensed  from  an  article 
by  A.  w.  Church  in  the  "Stone  Trades  Joar- 
nal." 


Preservation  of  Steel  Imbedded  in  Concrete. 
— In  tearing  down  a  one-story  reinforced  con- 
crete building  erected  by  the  Turner  Construc- 
tion Co.  in  1902  for  J.  B.  King  &  Co.  at  New 
Brighton.  Staten  Island,  Mr.  H.  C.  Turner,  the 
president  of  the  ere<^tng  company,  was  able 
to  discover  much  in  regard  to  the  stability  of 
this  kind  of  construction.  The  account  which 
he  has  prepared  goes  far  toward  proving  that 
under  ordinary  conditions  of  loading  and  loca- 
tion and  with  proper  preeautlona  In  hlildlng, 
reinforcing  steel  thoroughly  embedded  In  con- 
crete will  remain  free  from  rust. 

The  portion  of  the  buHdIng  removed  had  an 
area  of  30  x  60  ff  :im  1  was  razed  to  make 
room  lor  a  flve-atory  structure.  Owing  to  the 
extreme  hardnesa  of  the  concrete,  14-Ib. 
sledges  were  used  to  knock  holes  through  the 
roof  slab,  and  when  once  a  large  hole  was 
formed  It  was  an  easy  matter  to  continue  the 
wrecking. 

The  walls  were  pulled  over  by  block  and  fall 
and  showed  very  clearly  the  elasticity  of  the 

wall.  These  walls  were  anchored  to  the  foot- 
ings by  bond  bars  which  had  been  placed  with 
the  footing.  Before  falling  the  wall  would 
lean  at  least  20"  from  the  vertical  and  remain 
intact.  The  columns  after  being  cut  free  at 
the  top  would  bend  back  and  forth  like  a  aap- 
Mng  before  the  vertical  bars  would  break. 
These  bars  finally  broke  at  the  Junction  be- 
tween the  tooting  and  the  oolnma,  permlttlns 
the  entire  column  to  fall  over  unbroken. 

All  steel  reinforcement  was  found  in  perfect 
preservation,  exospting  in  •  few  oases  where 
the  hoops  were  allowed  to  come  closer  than 
%  in.  to  the  surface.  Some  evidence  of  cor- 
rosion waa  tonnd  In  auCh  caaea.  thus  demon* 
st rating  the  necessity  of  keeping  the  steel  rein- 
forcement at  least  %  in.  from  the  surface. 
The  footings  were  covered  by  the  tide  twice 
dally.  The  concrete  was  extremely  hard  and 
showed  no  weakness  whatever  from  the  action 
of  the  salt  water.  The  ateel  bars  in  the  floofe> 
Ings  were  perfectly  preserved,  even  In  cases 
where  the  concrete  protection  was  only  %  io 
thick.— "BnglBeerlng  News." 
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THE  VALUE  OF  ENGLISH  TO  THE  ENQNEER 

By  H.  P.  BREITENBACH* 


The  fuQctioa  oi  the  study  ot  English  in  the 
trainlaK  of  tha  engineer  and  Its  eontrtbntlon 
to  bis  BuocesB  In  life  are  arriving  at  a  meas- 
ure of  appreciation.  Many  engineers,  in  the 
technical  prees  and  elaewhere,  have  exynmod 
noteworthy  opinions  as  to  tho  Importance  ol 
the  subject.  One  engineer  ot  prominence 
write*:  "Regarding  tbe  degree  of  profldeney 
In  tlie  nie  OC  BngUsh  needed  by  an  engineer, 
I  can  luurdly  emress  myselt  in  sufficiently 
etrong  terms."  Says  another:  "BnglUh  has 
been  of  more  value  to  me  in  the  practice  of 
engineering  than  any  other  studj'."  College 
faculties,  to  be  sore,  have  long  held  similar 
opinions.  Thomas  M.  Drown,  when  president 
of  Lehigh  University,  thus  expressed  himself 
when  writing  on  the  subject:  "Too  much 
stress  cannot  be  laid  on  the  Importance  of  a 
thorough  course  in  English  language  and  lit- 
erature. This  should  begin  In  the  prlmarr 
school  and  be  continued  without  Interruption 
to  the  senior  dais  of  our  colleges  and  engi- 
neering schools.  It  is,  if  possible,  more  im- 
portant even  that  the  engineering  student 
dionld  be  profldent  in  the  writing  of  Eng- 
Udi  than  the  collegian.  The  ability  to  ex- 
press himself  clearly  and  accurately  may  be 
said  to  be  a  tool  of  his  trade,  for  he  has  to 
write  reports  and  prepare  spedflcatioas,  the 
very  soul  of  which  is  accuracy."  Even  amonp 
Students  in  engineering  colleges  there  are 
Sighs  that  their  old-time  intoleranee  of  Bng- 
Ilsh  as  "not  practical"  Is  giving  way  to  a  fuller 
conoepUon  of  its  meaning  and  a  realization 
ot  its  true  Talue  for  then. 

The  movement  toward  appreciation  of  the 
value  of  English  as  a  college  study  is  no  doubt 
due  to  a  more  fundamental  conception  of  the 
nature  of  the  subject.  It  has  been  too  com- 
monly assumed  that  the  ideal  of  language  is 
correct  grammar;  or  that  its  main  dement  is 
*VatTCratt7  o(  Hiclilsaii,  Ann  Arbor,  Mkb. 


the  study  of  "figures  of  speech  and  other  orna- 
ments of  style."  At  the  bottom  of  these  no- 
tions, and  possibly  responsible  for  them,  is 
the  shallow  theory  that  makes  rhetoric  a  mat- 
ter merely  of  ftmn,  with  no  concern  for,  nor 
relation  to  the  content  or  meaning.  Corrps- 
ponding  to  this  attitude  toward  rhetoric  is 
the  equally  diallow  view  of  literature  as  de- 
signed for  mere  amusement  or  pastime. 

The  broader  and  deeper  conception  of  lan- 
guage and  literature  relates  them  Intimately 
with  mind  and  with  life  itself.  It  accords 
with  the  established  doctrine  that  thought  and 
language  are  tiiseparable;  as  one  ot  the  pro- 
foundest  thinkers  of  modem  times  has  e.x- 
pressed  it,  "It  would  be  rash  to  say  that  there 
can  be  thought  without  language— if  lan- 
guage indndes  every  possible  system  of  recog- 
nisable signs — and  wholly  perverse  to  imagine 
that  the  ideal  of  intelligence  is  at  aU  in  tha 
direction  of  a  severance  of  thought  from 
words."  The  teacher  of  rhetoric  and  compo- 
sition, accordingly,  is  no  longer  sattsHed  with 
an  essay  whose  merit  consists  In  correct  spell- 
ing, punctuation  and  grammar.  Ue  recognizee 
that,  while  these  things  liaTe  their  import 
tance,  it  resides  not  in  themselves,  but  In 
what  they  represent.  The  teacher  goes  back 
of  the  words  to  the  ideas  for  which  they 
are  symbols.  His  tadc,  as  he  conceives  it,  is 
not  to  teach  the  student  to  put  words  and 
sentsnceo  together  like  buOding-blocikB,  but 
rather  so  to  train  his  powers  of  observation 
and  analysis  and  so  to  develop  and  organize 
his  powers  of  thought  that  clear  and  aceurate 
expression  will  be  the  natural  accompaniment. 
The  corresponding  view  of  literature  remrds 
It  as  a  representation  ot  lil^;  its  study  is  the 
endeavor  to  Interpret  tho  experience  of  Others 
in  terms  of  one's  own  experience. 

Considered  in  this  light,  the  study  of  his 
language  and  its  literature,  it  is  readily 


Digitized  by  Google 


300 


THE  ENGINEERING  DIGEST 


will  form  an  InereMlnglr  large  part  o(  the 

education  of  every  successful  professional 
man.  With  the  maturing  of  liis  powers 
li«  win  draw  more  and  mor«  vpon  tli*  itorea 
of  knowledge  which  the  race  has  accumulated 
iu  the  form  of  literature;  and  correspondingly, 
too.  lie  will  extend  bla  own  ranee  of  Influenoe 
thrnugb  the  expression  of  his  ideas.  For  the 
engfaeer,  the  two  main  media  of  expression 
are  ttie  drawtatir  and  the  apoken  or  written 
•word.  As  he  advances  in  his  profession,  the 
latter  becomes  increasingly  important.  As 
one  engineer  pnts  it.  'The  bis  work  of  the 
engineer  1b  donp  with  the  typewriter  rather 
than  with  the  slide-rule  or  T-square." 

Pot  the  student  In  the  engineering  college 

the  study  of  English  is  very  often  the  sole 
representative  of  the  cultural  as  distinguished 
from  the  teeiwlcal  or  professional  elanent  In 
his  education.  As  such  it  opens  avenues  of 
approach  into  the  literature  of  science,  hia- 
toi7.  art  and  otber  snlijeels.  from  wtaldi  lie 
may  gain  a  fuller  knowledge  of  the  world  and 
of  the  part  he  should  play  in  it.  Recognizing 
the  opportunity  kere  aflforded.  several  engi- 
neering colleges  lay  oui  for  the  student  pre- 
scribed courses  of  general  reading,  with  the 
idea,  as  one  school  aanonncee,  that  bis  ao- 
qnalnfanfo  with  this  literature  "will  not  only 
increase  bis  general  usefulness  and  his  indi- 
Yldnal  enjoyment,  bat  will  also  be  of  mneh 
practical  Importance  to  him  as  a  professional 
man  in  his  social  and  business  relations." 
Other  benefits  also  are.  of  eovrse,  to  be  de> 
rived  by  the  engineering  student  from  the 
study  of  English;  these,  as  President  Drown 
Intimated,  are  neb  as  the  average  eoUeglan 
derives  from  the  same  soune. 

Once  graduated  and  entered  upon  his  pro- 
fession, the  engineer  finds  the  cultural  ele- 
ment of  still  greater  importanoo.  If  he  is 
not  to  coaflne  himself  to  the  routine  of  his 
work  and  the  limits  set  by  Its  Interests.  If 
he  is  to  apprpcfnte  good  llterntuTe,  If  he  Is  to 
converse  Intelllgcutly  and  on  equal  terms  with 
those  whom  he  meeta  In  social  Intercourse 
if,  In  short,  hp  Is  to  he  a  oltizeri  of  the  world 
and  not  merely  a  worker  in  it,  he  needs  to 
share  In  Its  culture. 

It  1b,  however,  mainly  the  prartlcal  bene- 
fits arising  from  training  in  English  that  the 
engineer  has  recognised.  On  this  point  bis 
own  testimony  may  well  he  pres'^nted  here. 
A  year  or  two  ago,  as  an  outcome  of  a  discus- 
sion that  arose  in  an  Bnglhrii  dass  of  junior 
<>n?Inefrs  at  the  UnfvfT.slfy  of  Michigan,  the 
members  of  the  class  were  enoouraged  to  write 


to  alumni  of  the  department  to  secure  their 

opinions  on  certain  points  at  issue;  among 
these  was  the  question  of  the  value  of  Eng- 
lish to  the  practtdng  engineer.  About  a  halt 
hundred  replies  were  received.  TIi  •  writers 
of  all  of  them  agreed  in  ascribing  to  Engliah 
a  blgb  value  among  the  engineer's  assets. 
They  mentioned  as  the  chief  professional  ap> 
plications  of  the  engineer's  training  in  the 
subject— In  addition  to  ttie  furthering  of  bla 
command  of  speech — the  writing  of  business 
letters,  articles  for  the  press,  reports,  con- 
tracts and  spedfteatlons.  Moreover,  several 
cases  are  cited  of  engineers  wbo  have  made 
writing  their  lifework,  devoting  themselves, 
that  Is,  to  the  flolda  of  eatalogue  and  adver- 
tisement wrltlns,  teeh&lcal  jouniallam  and 
the  like. 

The  Influence  of  bis  speedi  on  the  success 

of  the  engineer  is  too  often  lost  sight  of.  By 
the  instructions  he  gives  his  subordinates,  by 
bis  conversations  and  dlseussiona  with  bis 
fellow  engineers,  and  by  his  attitude  toward 
those  that  seek  his  advice,  especially  when  he 
baa  to  address  himself  to  an  audience  of  some 
size,  such  as  a  board  of  directors,  a  learned 
society,  or  a  meeting  of  the  general  public — 
by  aucb  meana  and  In  audi  cases  bhi  prefM* 
sional  reputation  and  sucrcsn  nro  increased  or 
diminished.  When  he  appears  in  court  as  wit- 
ness, says  one  of  the  chief  antborttles  of  the 
country  on  the  legal  aspect  of  engineering, 
he  is  apt  to  be  unsuccessful  "because  of  a 
lack  of  prompt  comprehension  of  the  Bmm^ 
languege." 

The  ability  of  an  engineer  is  often  Judged 
by  the  bualneea  letters  he  writs*.  Oertainly 

they  in  great  measure  determine  bis  ;  nrress. 
The  well-written  letter  of  application  secures 
for  blm  the  desired  poeltton.  Tbe  oourteoua 
answer  to  an  Inquiry  leads  to  desirable  ImisI- 
ness  relations.  A  careful  explanation  of  some 
matter  misunderstood,  or  a  tactful  treatment 
nf  some  point  at  issue  may  prevent  the  loss 
of  a  desirable  client  or  customer.  "Corres- 
pondence," as  one  engineer  writes,  "Is  In  It- 
self  a  fine  art,  and  is  of  extreme  Importance." 

When  the  letter  is  addressed  to  a  technical 
journal  or  when  an  utlde  Is  written  for  pub- 
llcatlnn.  even  more  Important  results  may  en- 
sue. Immeasurably  wider  circles  of  influence 
are  thus  opened  to  the  Individual.  To  an 
article  or  commnnlratlon  written  for  a  twA' 
nical  Journal,  more  than  one  engineer  can 
ascribe  a  rapid  rise  In  bis  profession.  Tbe 
Indifferent  or  careless  engineer  reasons  that 
the  editorial  revision  of  his  letter  or  artlde 
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wlU  ttnt^ten  oat  Its  tangl«l  logle  or  Its  con- 
fused statements.  It  is  true  that  the  editor's 
blue  pencil  does  so  much  and  more,  in  in- 
BumeraUo  eaiei.  Anj  editor  of  a  toGhnleal 
journal  will  bear  feeling  witness  to  that.  In- 
deed, regarding  the  literary  deficiencies  of  the 
eoDtribatloiu  of  many  engineers,  be  will  wax 
positively  pathetic.  Moreovpr,  the  periodical 
itself  generally,  despite  his  valiant  editorial 
labor,  will  tJlord  oloqnent  teatlmony.  Tet  the 
standard  of  the  engineering  Journals  Is  rising, 
and  for  the  editorial  columns  of  some  of  them 
one  need  feel  no  sbame.  HoreoTer,  the  In* 
creasing  number  of  new  periodicals  and  the 
enlarging  circulation  of  the  old  ones  are  evl- 
denoe  tiiat  tbe  englneerins  vrofeMloa  la  eom« 
Ing  to  a  fuller  appreciation  of  tbe  enormous 
Importance  to  them  of  these  organs  of  com- 
nranlcatlon.  Hie  time  I>  ooalng^41iero  ara 
even  signs  that  It  Is  close  at  hand — when  In- 
dlilerent  or  careless  contributions  will  receive 
no  welcome  from  tbe  blgber  elaea  of  tedinleal 
Journals.  So  much  the  poorer  chance  will 
there  be  for  tbe  less  capable  engineer,  and 
more  than  ever  will  Individual  merit  And  Ita 
opportunity. 

The  reports,  contracts,  specifications  and 
otber  tedmleal  doeumente  prepared  by  engi- 
neers exhibit  no  less  the  value  and  need  of 
efBcient  training  in  BngUsh.  Tbe  air  is  full, 
■o  to  speak,  of  complaint!  about  Inaconrato 
descriptions,  ambiguous  expressions,  loosely- 
Worded  clauses,  unsystematic  arrangement, 
ete.,  etc.  It  la  no  esaggeratlon  to  say  that 
millions  of  dollars  have  been  spent  In  litiga- 
tion solely  because  of  such  defects.  Indeed, 
a  ilniile  caie  InTolvlnf  14,000,000  might  bo 
cited  In  which  the  Issue  is  the  reference  of  a 
relative  pronoun.  Another  case,  which  was 
compromised  by  the  payment  of  $300.  hinged 
upon  the  mistake  of  inserting  a  comma  where 
there  should  have  been  none.  On  the  margin 
of  difference  between  what  spedflcatloas  say 

and  what  they  arc  meant  to  say,  tricky  con- 
tractors grow  rich.  Cases  have  been  cited. 
iMvertheless,  where  defective  clauses  In  speci- 
fications have  not  only  been  used  time  after 
time  by  the  author,  but  have  been  copied  by 
other  engineers  Into  tiMr  documents.  On  tbe 
other  hand,  the  carefully  prepared  reports, 
contracts,  and  specifications  of  many  engi- 
neers are  a  credit  to  the  profession,  end.  In  j 
the  long  run,  a  source  of  siihstnntinl  benefit  to 
all  parties  concerned.  For  example,  a  con- 
sulting engineer  records  the  promotion  of  an 
assistant  to  a  position  "ten  times  the  magni- 
tude of  bis  former  job,  very  largely  because  of 


the  completeness  snd  snodnctness  ■  of  his 

monthly  reports."  Accurate  and  complete  spe- 
cifications and  contracts  are  of  inestimattle 
assistance  to  the  honest  oontraetor  and  the 
principal;  ultlnmlsly,  thorMore,  to  the  engi- 
neer himself. 

Besides  tbe  abovoHnentloned  -ways  In  which 
engineers  have  found  English  of  value,  there 
are  certain  others  of  a  specialized  character. 
In  ^ese  a  knowledge  of  languago.  It  appears. 
Is  of  still  greater  importance.  The  reference 
is  to  such  fields  as  the  writing  of  tecknlcal 
catalogues,  pamphlets  and  other  advertising 
matter,  and  tbe  editing  of  technical  Journals; 
all  of  which  employments  are  comparatively 
recent  specialties  for  engineers. 

Engineering  Journalism  may  he  called  a 
product  of  the  last  half-century,  and  has  only 
Of  IsAe  years  offered  desirable  openings  for 
engineers.  Many  of  Its  Important  positions 
have  been  held  by  men  of  Journalistic  rather 
thon  engineering  ability;  on  the  other  hand, 
many  editors  today  'are  engineers  but  are  de- 
ficient on  the  Journalistic  side.  The  editor  of 
one  of  our  leading  engineering  Journals,  In 
a  personal  letter,  declares  that  there  is  but  a 
"relatively  small  number  of  technical  Journals 
In  this  country  that  consider  It  Important  to 
have  a  thoroughly  competent  staff."  Ho  spe- 
cifies as  the  essential  editorial  qtvalificatlons, 
"besldeB  tedinleal  knowledge,  literary  apti- 
tude; a  keen  eye  for  the  news  value  of  every- 
thing— technical,  industrial,  financial  or  other- 
wise— which  transpires  within  the  particular 
field  of  a  journal;  a  faculty  for  discrlmioatlng 
between  essentials  and  details  and  (or  pre- 
senting a  subjset  Impartislly  and  In  propar 
perspective;  and  a  disposition  to  entering  into 
and  maintaining  good  relations  with  men  In 
order  to  command  sonrees  of  Jonmallstte  In* 
formation.  To  one  who  poRsePses  or  can  ao- 
quire  these  qualifications,"  ho  adds,  "teduil* 
eal  journalism  offers  a  good  career."  BvIp 
dently  the  rising  standard  of  the  technical 
press  is  making  increased  demands  not  only, 
ss  mentioned  above,  on  the  contributors,  but 
also  on  the  editors  as  well.  So  much,  In  fact, 
is  definitely  set  forth  in  a  recent  editorial  in 
"Bnglaeerlng  News."  Therein  the  writer 
asserts  that  the  rrreatest  need  In  en- 
gineering literature  today  is  for  better  qual- 
ity. In  his  Illuminating  discussion  be  appeala 
"as  much  for  high  standards  of  editorial  work 
as  for  greater  care  on  the  part  of  contribu- 
tors." Without  doubt,  the  engineer  of  the  fu- 
ture, with  hl8  Incrcnscd  capacity  for  expres- 
sion In  English,  and  possibly  with  special  unl- 
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▼erslty  trtlalag  In  JonraallBin,  1b  going  to  re- 
spond  to  the  already  voiced  demand  for  b«t> 
ter  tedinlcal  editors. 

To  say  that  engineers  are  becoming  con- 
•dons  that  they  conatitate  a  proteaalmi  and 
Uiat  tbey  are  becoming  aware  of  thB  Implica- 
tions thereof  is,  in  a  sense,  to  sum  up  the 
whole  matter.  As  a  professional  man,  the 
engineer  must  needs  share  in  the  cultare  of 
the  world:  and  of  tUa  larger  life  of  humanity 
the  English  language  and  literature  embodies 
an  important  part  Bis  enlarged  relations 
erlth  iBMikliid  we  refleeteA  In  liMHreeasd  re* 


quirements  tot  expression.  As  an  applied  sci- 
entist whose  objective  point  is  "the  use  and 
couTenlenoe  of  man,"  he  must  make  his  knowl- 
edge humanly  serviceable,  not  only  by  em- 
bodying it  in  structures  and  machines,  but  by 
extending  the  range  of  It  as  knowledge.  In 
the  inspiring  words  of  the  great  historian 
Mommsen,  "The  art  of  measuring  brings  the 
world  into  subjection  to  man;  the  art  of  writ- 
ing prevents  bis  luiowledge  from  perishing 
along  with  himself:  together  they  make  him 
••-what  natufe  baa  not  made  htm — all-powef> 
fttl  and  otacnal.** 


BOOK  REVIEWS  AND  NOTICES 


ECONOMICS  OP  RAILWAY  OPERATION.— 
By  M.  L,  Byers,  Chief  Engineer  Mainten- 
ance of  Way,  Missouri  Pacific  Railway. 
New  York:  The  Engineering  News  Pub- 
llahing  Co.  London.  England:  Archibald 
Oonstnhle  &  Co.,  Ltd.  Cloth;  6  x  9^ 
Ins.;  VP.  $72;  with  many  diagrams,  fold- 
ing tnblee  «nd  teit  Ulnstratlona.  |5,  net 

nie  lltemtnre  ot  mllreeding  baa  been  niees- 

urably  enriched  by  this  effort  of  a  practical 
man  to  produce  a  practical  book  on  the  science 
of  railroad  opsratton.  He  has  sueeeeded  to 
such  an  extent  that  bis  work  will,  witbout 
doubt,  be  regarded  for  many  years  as  the  stand- 
ard on  its  subject.  Just  as  for  m.  ■">*  yearn 
Welllngton'H  "nnllroad  Location"  ha&  iieen  re- 
garded as  the  standard  in  ita  field. 

The  general  objeets  of  the  "BomuhbIcs  ot 
Railway  Operation,"  as  stated  by  the  author, 
are  (1)  to  so  outline  the  operations  of  each 
department  as  to  give  to  those  not  famlller  witb 
its  workings  a  sufflrlcnt  Insight  to  enable  them 
readily  to  acquire  further  detailed  information 
through  their  ourn  obeervntlons,  and  through 
thrlr  rbfUty  to  Inqnirp  intelligently  In  regard 
to  those  features  which  they  do  not  understand. 
(2)  To  bring  Into  dear  relief  the  underlying 
prlnrlples  of  economic  operation  with  a  view 
to  the  practical  usefulness  of  this  Information 
to  tte  emplofee  In  seeurtng  better  rseults  In 
that  portion  of  the  fleld  under  his  direction; 
also  to  give  him  a  clearer  general  understand- 
ing of  the  selmoe  of  rallroedlng.  and  so  lit  blm 
for  further  promotion. 

The  book  is  divided  into  seven  parts:  I., 
Organisation  <66  pages);  II.,  BmploTment, 

Education  and  Disrlpllne  of  Force*!  (30  pages); 
III..  Accounts  and  Accounting  (54  pages) ;  IV., 


Reports  (65  pages):  V.,  Economic  Operation 
(S60  pages),  aubdlTlded  Into  six  diapters  on 
General  BxpenditureB.  Maintenance  of  Way  and 
Structurea,  Machinery  Department  Operation. 
Transportation,  Prslgbt  Trsfio  Department  and 
Other  Departments:  VI.,  Analysis  of  Operations 
and  Control  ot  Expense  (52  pages):  VIL,  Bet- 
terments (46  pages).  Seven  pages  are  de- 
voted to  a  comprehensive  double-column  Index. 

The  most  Important  and  valuable  parts  are 
the  first,  second  and  fifth.  Under  Organisn- 
tlon  the  anthor  has  endeavored  to  give  a  gen- 
eral discussion  of  the  priociplea  of  organiza- 
tion and  the  objeeta  to  be  achieved  tberebgr. 
He  lays  down  several  useful  nilefi  and  quotes 
at  length  from  the  report  of  a  committee  ap- 
pointed br  the  British  Beeretary  of  State  for 
War  to  consider  the  decentralization  of  the 
War  Office  business  resulting  from  the  break- 
down of  that  department  in  the  Boer  war.  Hie 
difference  between  divisional  and  departmental 
organization  is  Indicated,  together  with  the 
relative  advantages  and  disadvantagea  of  eodi. 
An  Ideal  organization  stating  in  conslderahlp 
detail  the  duties  ot  the  principal  positions  on  a 
railroad  Is  given,  this  Organisation  being  based 
very  largely  on  that  of  the  Pennsrlvanln 
Railroad. 

In  the  eseond  part  the  Mbleet  of  the  em^oft> 

mcnt,  education  and  discipline  of  eroployeee 
is  discussed  with  a  view  to  illustrating  the 
underlying  prlndplee  and  the  objects  to  be 
attained.  Statistics  showing  the  number  of 
railroad  employees  of  the  different  classes  in 
tbe  united  States  are  given;  also,  intermatlon 
in  regard  to  employees'  Relief  AsBoclatlons. 
Railway  Relief  Departments.  Railway  Savings 


MARCH.  1108. 


^        i.y  Google 


BOOK  DEPARTMENT 


and  Insurance  Departments,  and  other  means 
for  caring  tor  the  interMts  ot  the  employees. 

Under  the  head  of  economic  operation,  the 
author  lays  atrese  on  the  necessity  or  obtaining 
a  proper  seiue  of  the  relatlre  Importanee  of 
the  different  items  making  up  the  operating 
expenses.  The  various  details  o(  the  expense 
aeeotint  are  dlsenssed  and  Illustrated,  wtfh  ez> 
amples  from  different  railway  systemp.  This 
part  constituting,  as  It  does,  more  than  half 
of  the  book,  la  a  Taluable  treatment  of  eco- 
nomical operation  and  is  in  itself  BufFicient  to 
give  the  book  a  wide  circulation  and  to  war- 
rant Its  conslderatlcm  m  a  "standard/* 

In  the  sixth  part  is  given  a  careful  analvBls 
Of  operations  and  control  ot  expenses,  the  dif- 
ference ts  shown  between  eooetant  expendi- 
tures, which  do  not  fluctuate  with  any  ordinary 
changes  in  the  amount  ot  traffic;  Indirect  Vari- 
able Bzpendttures,  wMeh,  vhtle  uttfmately  fino* 
tuatinK  with  the  amount  of  trafhc,  do  not  neces- 
sarily at  the  time,  show  any  effect  from  such 
lluetuatloii.  and  Direct  Variable  Bzpondltvres. 
which  fluctuate  immediately  with  fluctuations 
in  the  amount  ot  traffic  This  is  followed  by 
a  dlsenaston  of  the  Oeaeral  Balance  Sheet  and 
General  Income  Account;  the  duties  of  en  in- 
spector of  transportation  and  some  examples 
of  the  Inspector's  work  and  the  find  ot  reports 
to  be  made  Tt  in  impossible  for  the  General 
Officer  ot  a  large  railway  system  to  obtain  by 
personal  Inspection  the  Information  needed  by 
him  to  keep  In  touch  with  the  operations  under 
his  charge,  and  this  condition  has  necessitated 
the  seearlns  of  rartoua  reports  to  supplement 
his  j1  :iervatIon.  The  author  here  endeavor;-  t  n 
illustrate  the  method  of  using  these  reports 
and  the  prlndplea  npim  whteta  their  ammse- 
ment  must  be  based.  Iiiclu'  iir  Llly.  the  lllns- 
trations  convey  conaiderable  information  in  re- 
gard to  Railway  Operations. 

The  otbi  r  parts  of  the  book  wjll  bear  thf' 
crltieism  of  Incompleteness.  At  the  same  time. 
It  mast  be  remembered  that  Uie  material  andl- 
able  would  fill  a  much  larger  book  than  the 
present  one  and  caretui  selection  had  to  be 
made,  so  that,  white  the  anbleet  of  aeeounting, 

for  Instance,  receives  considerable  attcTi'Ion,  it 
is  not  as  full  a  discussion  as  the  men  engaged 
In  this  special  work  would  want  and  la  mora 
than  Is  wanted  by  thoae  <«lr  ladlroetly  ood- 
nected  with  it. 

An  Ideal  anbdlTlgton  of  oamlngs.  expense/ 
matcr!ni,  and  other  aooounts  Is  outlined,  the 
reasons  for  the  subdlvtslon  being  briefly  stated. 
Tha  tyatam  of  acoonntlng  oatllned  1«  In  general 
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that  of  the  Pennsylvania  Allied  Lines,  the  Rock 
Island  lines,  etc.,  with  the  adoption  ot  whloh 
the  author  had  much  to  do. 

We  must  express  our  highest  commendation 
of  the  work  Mr.  Byers  has  done  in  the  interest 
of  railroad  engineering  as  a  whole  and  wo 
feel  sure  that  there  is  hardly  a  man  in  the 
railway  service  who  cannot  derive  much  beaalU 
from  a  study  of  this  book. 


RBTRIEVAI>  AT  PANAMA. — By  -Lindon  W. 
Bates,  Author  of  "Project  for  Panama 
Canal,"  "Terminal  Harbors,  Panama 
Canal,"  "Panama  Canal,  System  and  Pro- 
jects," "The  Crisis  at  Panama,"  etc  For 
sale  by  The  Technical  Literature  Co..  220 
Broad  war,  New  York  City.  Buckram; 
6  X  9  Ina.;  pp.  564;  88  half-tono  Ulvstra- 
tlons.  maps  and  diagrams.  Including  11 
double-page  plates.  |5. 

The  subject  of  the  Panama  Canal  is  always 
of  Interest  to  members  of  the  englneerlBg  pro- 

fpsalon  aa  well  as  to  the  intrnir'  n*;  reading 
public,  among  whom  there  are  many  widely 
varying  opinions  ss  to  how  the  eanal  diOQld 
he  hullt:  but  whatever  may  be  the  personal 
opinion  ot  readers,  it  must  be  conceded  that  In 
ebanpioning  his  system  Mr.  Bates  has  pnt  for- 
ward one  of  the  most  impressive  diacusBlons 
yet  published  of  facts  as  they  exist  at  the 
Isthmus.  The  author  hi  a  trained  engineer  ot 
international  reputation,  whose  ronnr-ctlon 
with  some  of  the  greatest  engineering  projects 
of  modem  times  and  whose  careful  stodr  of 
the  canal  problem  from  its  inception  to  the 
present  time,  place  him  in  a  position  to  speak 
on  the  subject  with  an  authority  that  demands 
consideration.  In  this  book  he  strongly  ar- 
gues tor  "Retrieval  at  Panama,"  the  keynote 
of  the  book  being  contained  In  the  aentraea 
"Before  the  colossal  deficits  and  the  masked 
evils  have  shadowed  the  faith  of  American 
people  In  their  Ideati,  let  retrlarat  eome  at 
Panama." 

He  concedes  and  shows  the  importance  of 
the  canal.  Its  value  to  commerce  and  tbe  'no> 

ccssity  of  Its  control  by  the  American  people, 
but  he  protests  against  the  people  who  are 
endorsing  and  paying  for  the  canal,  being  kapt 
in  the  dark  as  to  the  true  state  of  things  at 
Panama.  He  does  not  blame  the  President, 
but  does  blame  hia  advtoers  and  daelaras  that 
no  'r  Lture  of  the  waterway  Is  aa  the  OOmmia- 
sion  presented  it.    He  states: 

The  International  impractical  five  nilllloa- 
dollar  breakwaters  ha%'e  been  dropped,  as  has 
the  International  reef-ridden  Pacific  approach. 
The  expert  allnements  at  the  Atlantlo  terminal 
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•Dd  In  the  Mindi-Qatun  section  liave  been  al- 
tered. The  Ancon-Corozal  ami  Aocon-Sosa 
dams  have  boen  givon  up,  aiul  a  Stovons  dnm 
substituted.  The  experts'  "luudgllt"  has  been 
repudiated  for  the  heart  of  the  dam,  and  their 
cutters  for  the  Indurated  rock  excavation. 

"Is  this."  asks  Ur.  Bates,  "the  Panama  Canal 
Mlgn  for  lAoM  pmwTmtlqn  engtnem  were 

summoned  from  the  four  quarters?" 

Since  tbe  publication  in  the  "New  York 
Prem"  of  fhe  orlginel  arttOlei  which  form  the 

basis  of  the  presont  work,  several  chanpes 
have  been  made  in  the  plans  for  the  canal  in 
aeeordanoe  with  Mr.  Bates'  oontentlons,  but 
only  once,  In  January.  1907,  has  the  commts- 
■lon  openly  shown  consideration  for  his  words. 
Slnee  then  fhe  eattal  administration  has  adopted 
his  stipulation  for  a  l,0O0-f»  Ufk,  as  against 
the  820-ft.  lock  in  their  plans;  has  widened 
the  locks  from  90  to  110  ft.:  has  revised  the 
estimates  of  the  cost  of  the  work,  and  has 
como  to  the  conclusion  to  abandon  tho  La  Boca 
lock  on  the  PacUle  side,  moving  it  back  to 
Mlraflores.  As  an  explanation  of  this  Import- 
ant move,  It  Is  asserted  that  the  entrance  to 
the  canal  being  placed  so  far  Inland  would 
make  it  easier  of  defense,  while  It  Is  confcsaefl 
that  foundations  could  not  l>e  discovered  for 
the  original  dte. 

The  author  presents  his  own  solution  of  the 
Panama  problem,  which  he  calls  ttimple,  nat- 
ural aad  Oheap: 

UnJcr  It.  by  the  buildinK  of  three  low  dikes, 
no  higher  than  those  that  Impound  the  reser- 
voir at  Central  Park,  in  one  year,  and  at  a 
cost  of  less  than  $1,000,000,  the  landwidth 
of  the  Isthmus  could  be  reduced  from  the 
present  forty-eevea  miles  to  less  than  sixteen 
mtles.  Fortr^even  miles  to  sixteen  miles — 
the  distance  narrowed  to  one-third.  Would 
not  this  ansur  a  IMng  chance  for  the  cans]? 
Would  not  this  hold  some  valid  promise  and 
some  poBBlbllltjr  of  cut  costs  and  cut  forces? 
A  year  lat' r,  by  Irnpoundinc:  but  flftr'on  feet  of 
water  at  ("f:itiin.  the  landwidth  can  be  reduced 
to  tho  distanro  b>?two(>n  Pedro-Miguel  and 
Obispo,  around  Brv4'!i  niil.  s.  Forty-seven  miles 
in  two  >ears  rf^di:*  I'd  to  .seven,  the  landwidth 
cut  to  approximately  one-seventh — the  prob- 
lems, the  expenditures,  the  execution  conOned 
to  this  narrow  pass  between  the  hemming  wa> 
ten,  what  reeene  and  salvation  does  It  not 
guarantee? 

However  much  the  reader  may  dlsagre<»  with 
the  plans  advocated  by  Mr.  Bates  for  the  sotn- 

tion  of  this  great  problem,  It  l.^;  not  too  mueh 
to  say  that  his  book  is  the  most  Instructive 
work  of  constructive  criticism  of  the  Panama 
Canal  that  has  over  been  written.  It  I5  thor- 
ough In  lU  dlBCUssions  and  is  written  In  a  read- 
able  style  diaraeterbtle  of  the  author. 


THE  CHEMISTRY  OF  GAS  MANUFACTimE. 
— A  Practical  Manual  for  tbo  Use  of  Gag 
Engineers,  Gas  Managers  and  Students. 
By  Harold  M.  Royle,  F,  C.  S..  Chief  Chem- 
ical A.ssi.'^tant  at  the  Beckton  Gas  Works. 
With  color«>d  idate  and  numerous  illus- 
ttatiotis.  Xt'w  York:  The  Norman  W. 
Henley  Publishing  Co.,  1908;  pp.  zv  +  328, 
8H  X       Ins.:  cloth.  Price,  14.50. 

This  bonks  treats  of  tho  testing  of  the  raw 
materials  employed  in  the  manufacture  of  il- 
luminating ooal  gas.  and  of  tiie  gas  produced. 
Xot  much  space  Is  given  to  water  gas,  and  none 
to  producer  or  fuel  gas.  Proceeses  of  gas  man- 
ufacture are  entirely  omitted. 

Six  pages  on  tho  preparation  of  standard 
solutions  are  followed  by  a  chapter  on  the 
chemical  and  physical  examination  of  gas  coaL 

Furnaces  are  then  treated  ven*  briefly,  while 
considerable  space  Is  given  to  methods  for  de- 
termining the  temperature,  and  two  Instru- 
ments for  the  continuous  automatic  recording 
of  the  amount  of  carbonic  acid  in  flue  gases, 
etc,  are  deeerlbed  and  figured. 

The  products  of  "carbonization"  or  destruc- 
tive distillation  of  bituminous  coal  then  receive 
attention.  Among  other  Interesting  informa- 
tion, a  list  of  compounds  known  to  occur  In 
coal  tar  is  given  which  contains  tho  names  of 
20.?  Hubetances. 

-Methods  for  the  eatimatlou  of  tmpurlttes  In 
crude  gas  and  methods  for  the  anaiysis  of  ma- 
terials employed  In  tfce  purtlleatlon  of  crude 
gas  are  dealt  with  very  fully,  indeed,  the 
principal  value  of  the  book  lies  In  the  com- 
pleteness with  which  these  subjects  arc  treated. 
Methods  for  the  determination  of  the  lighting 
and  heating  value  of  gas  also  receive  oonsld- 
erable  attention.  A  short  chapter  on  carbu- 
retted  water  gas  deals  mainly  with  the  testing 
of  the  carburettlng  oils. 

An  extensive  appendix  occupying  about  one- 
sixth  of  the  entire  book  conuins  in  extenso 
the  rules  of  the  Ixmdon  Metropolitsn  Oae 

Referf^es  for  testinj;         iucludinj;  descriptions, 

figures  and  directions  for  use  of  all  the  special 
apparatus  employed.  Yarlous  standard  tablea 
uf  specific  p;ravity»  eto..  a&d  a  fine  index  con- 
dude  the  book. 

As  Is  to  be  naturally  expected  the  British 
character  of  the  book  crops  up  continually. 

A  few  misprints  have  been  noted,  for  ex- 
ample, on  page  99,  eopperae  is  called  Iron  suN 
phide.  On  page  146  the  cvHrider  is  allowed  to 
revivify  instead  of  its  conteorts,  and  in  the  next 
sentence  It  Is  made  moisture.  On  page  14^  It 
Is  s'at'  d  that  Fe,0,  will  b'^  estimated  as  FeO, 
when  what  is  meant  is  that  such  FeiOi  will 
not  be  estimated  at  all.  CaMlsas  or  faulty  nae 
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of  English  Is  frequent  as  on  page  99,  line  3, 
page  106,  line  3,  and  page  149.  lines  8  and  12. 
Th^  eabnlatloiia  and  reasoning  on  pages  149 
«ad  160  ftvpaar  to  tlw  r«vl«««r  nnlntelllil- 

This  book  sbontd  b«  of  great  nw  to  Ibose 
for -whom  it  is  Inlendcd. 

Tlie  paper,  type  and  binding  are  very  good, 
and  the  llloBtratlona  are  «KfielIe&t. 


tUNINO,  MINERAL  AMD  GBOLOOICAL  LAW. 
— •Treatise  on  the  Law  of  the  United 
States  Involving  Geolog}'.  ^rineralogy  and 
Allied  Sciences  as  Applied  in  Miniug,  Real 
Estate,  Public  Laud.  I'nited  States  Cus- 
toms and  Otiier  Litigation;  Also  tho  Ac- 
QulHltion  and  Maintenance  of  Mining 
llights  In  the  Public  Domain  and  Obtain- 
ing I'atonts  for  Mineral  Land  Under  tho 
United  StatPf?  Mining  Laws.  Bv  Charles 
H.  Shamel,  I'h.D..  of  the  Illinois  and 
Michigan  Bars.  London  and  New  York: 
Hill  Publishing  Co.  Cloth:  6  x  9  >^  Int.: 
pp.  627;  103  Ulaatratlona  In  the  text  and 
1  folding  sheet  95. 

The  value  of  a  thorough  knowledge  of  nbl- 
ing  law  In  the  equlpmsot  of  the  mining  en- 
gineer to  Qsnallr  underestimated.  The  Impor- 
tance of  the  relation  between  the  laws  regard- 
ing mining  operations  and  the  actual  perform- 
ance  of  those  operations  can  hardiT  he  over- 
CBtimated.  In  the  L'nited  States  mining  la 
liable  to  be  subject  to  special  provisions  of 
three  dttferent  legal  systems,  namely,  the  eom- 
mon  law,  State  statutes  and  the  United  States 
statutes.  If  a  mine  is  not  operated  in  aocord- 
ah«e  with  these  complicated  laws.  It  is  likely  to 
become  th6  prey  of  costly  litiKatlon.  Tn  the 
past  no  book  has  been  available  from  which 
practical  men  oonld  ohtaln  a  knowledge  of  min- 
ing law.  Recent  alterations  and  revisions  of 
the  statutes  and  court  decialons  have  rendered 
each  are  now  on  the  market  untrustworthy, 
on  which  account  Mr.  Shamel'a  work  will  be 
doubly  appreciated.  The  volume  is  designed 
for  the  lawyer  as  wall  as  the  practical  man, 
and  covers  the  entire  field  of  mining  law.  A 
concise  but  thorough  discussion  o^  the  scientillc 
toptes  which  are  Important  In  oonneetlon  with 
mining  litigation  is  given  in  the  beginning  of 
the  work,  and  Its  value  Is  supplemented  by  an 
emellent  hlbllography  on  these  subjects.  The 
author  then  takes  np  the  questions  of  prop- 
erty in  minerals,  and  cites  the  legal  definitions 
of  minerals,  veins,  lodes,  etc.  The  law  relating 
to  minlnp:  rights  on  the  public  domain,  and  the 
extraiateial  or  apex  law  are  next  thoroughly 
dlBcuBse<l.  The  question  of  tunnels  and  the 
tunnel  locations  Is  then  considered,  and  many 
interesting  instances  of  the  use  of  geology  in 


the  law  are  quoted.   An  eactremely  Talvable 

appendix  concludes  the  work.  This  contains 
the  full  text  of  the  United  States  statutes  gov- 
erning mining,  the  Land  Office  rules  and  the 
mining  statutes  of  all  the  Important  metal- 
mining  states.  These  are  all  brought  down  to 
date  and  include  the  additions  and  revMom 
of  1907.  A  useful  index  concludes  the  book. 


EXPERLMENTAL  ELECTRICAL  ENGINEER- 
ING- And  Manual  for  Electrical  Te.stlng. 
For  Engineers  and  Students  in  Engineer- 
ing Laboratories.  By  V.  Karapetoft.  New 
York:  John  Wiley  &  Sons.  London, 
England:  Chnpman  &  Hall.  Ltd.  Cloth; 
6x9  ins.;  pp.  xxxlv  +  790;  538  lllustra- 
tlons.   |C,  net 

Tn  preparing  this  work  the  writer  aimed  to 
produce  a  manual  for  use  in  the  laboratory, 
which  would  be  suited  to  the  needs  of  the 
courses  In  general  electrical  engineering  which 
are  given  in  the  last  two  years  in  most  of  the 
American  miglneerlng  sdiools.  The  author 
first  takes  up  electrical  units  and  the  construc- 
tion and  operation  of  instruments  for  their 
measwement.  EIto  chapters  are  tlmi  deroied 
to  the  dlsctisslon  of  reactance  and  resistance 
in  alternating  current  circuits,  electrostatic 
cnpactty.  the  magnetic  drcnlt,  permeability 
tests,  and  the  measurement  of  core  loss.  The 
three  following  chapters  deal  with  the  photo- 
metry of  Incandescent  lamps,  the  are  light  and 
illumination  In  general.  Transmission  and  dis- 
tributing lines  form  the  subjects  of  the  next 
two  diapters  which  are  followed  by  fifteen 
chapters  on  electrical  machinery  and  auxiliary 
devices.  In  these  the  various  types  of  motors, 
generators,  converters,  transformers,  batteries, 
switchboards  and  controllers  are  talten  up  and 
the  essential  features  of  their  coubtructlon  and 
operation  given.  The  book  closes  with  four 
chapters  on  electric  railway  work,  electric 
heating  and  welding,  the  elements  of  telephony 
and  the  safety  of  electric  plants.  The  arrange- 
ment of  the  work  is  such  as  to  make  each 
chapter,  as  far  as  possible,  independent,  in 
order  to  enable  classes  or  students  to  do  the 
work  as  most  suited  to  their  schedule,  equip- 
ment and  conTCnlence.  Bach  chapter  contldns 
a  number  of  experiments  dealing  with  the  par- 
ticular branch  corered.  Altogether  there  are 
more  than  three  hundred  of  them,  ranging 
from  elementary  to  advanced.  The  plan  fol- 
lowed by  the  author  In  each  chapter  Is  this: 
first,  the  particular  class  of  machinery  Is  de- 
scribed and  the  practical  needs  for  certain 
arrangements  and  procedures  of  operation  are 
given;  the  object  and  method  of  each  «aq>wl* 
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ment  are  next  described  In  detail  and  jristrur- 
tlons  as  to  methodg  to  be  employed  In  obtain- 
iag  date  are  gtren.  Hm  book  la  tnrlttan  in  a 
dear  and  IntereHting  style  Mid  tll«  illttstmtlons 
throughout  are  sood. 


LAND  TREATMENT  OF  SEWAGE  — A  Dlgeat 
of  the  Rejmrts  Made  to  the  Royal  Commis- 
sion on  Sewage  Disposal  by  Their  Special- 
ly-Appointed Officers.  By  Herbert  T. 
Scoble,  Professional  Associate  of  the  Sur- 
veyors' Institution,  M.  R.  S.  I.,  F.  R.  M.  S. 
Reprinted  from  "The  Surveyor  and  Mu- 
nicipal and  County  Engineer."  London: 
St.  Brldo'a  Press.  New  York:  D.  Van 
Nostrand  Co.  Cloth;  9xll)&  ina.;  pp.  76. 
|S»  n«t. 

In  the  Royal  Commission  on  Sewage 

Dispoul  was  appointed  to  Investigate  the  va- 
Ttoua  metliada  which  mlftit  be  properly  adoptod 

for  treating  and  disposing  of  sewage.  Sev- 
•eral  reporU  have  thus  far  been  made  by  this 
oommlnloii  on  various  •yatems  for  the  dto* 
posal  of  waste.  The  fourth  report,  made  In 
1904,  contains  considerable  matter  collected 
«8  a  result  of  liiTeaUgatloiia  of  rarloin  sowage 
farms.  These  reports  are  very  voluminous, 
and  thla  digest,  by  one  of  the  most  eminent 
aanttery  engliioerB  of  England,  will  be  of  valuo 
to  all  who  wish  to  read,  In  a  condensed  form, 
the  results  of  the  work  of  the  Commission. 

Bight  EngUsb  aewage  farms  were  etndtod, 
and  the  points  particularly  noted  were  the  fol- 
lowing: (1)  The  composition  of  the  sewage 
and  the  preparation  before  passing  on  tbe 
land;  (2)  the  nature  of  the  soil  and  the  sub- 
soil; (3)  figures  relating  to  acreage,  popula- 
tion, etc.;  (4)  method  of  treatment  of  sewage 
and  croiiping  the  land;  and  (S)  analysis  of  the 
quality  ul  the  effluent  as  compared  with  sew- 
age and  with  stream.  A  digest  of  the  general 
concluelons  of  the  commission  as  to  the  value 
of  the  land  treatment  of  sewage  are  given  and 
tbe  author  also  sums  ths  results  of  tholr  woric 

WIRELESS  TELBQRAPHY  FOR  AMATEURS. 
— A  Handbook  (» the  Prindplee  of  Radio- 
telegraphy  and  the  OonstmcUon  and 
Working  of  Apparatus  for  Bhort>Dlstance 

TransmlBsfon.    By  R.  P.  Howgrave-Gra- 

ham,  A.  M.  Inst  E.  E.  N'ew  York:  Spon 
&  Chamberlain.  London:  E.  &  K.  Spon, 
T.td.  Cloth;  5x7%  Ins.;  pp.  160;  Illus- 
trated.   11.00,  net 

Wireleas  telegraphy  la  eadi  day  beoonfng  of 

more  pra<tu:al  value  and  each  day  is  being 
used  more  and  more  all  over  the  world.  Many 
personi  who  have  followed  the  development 
of  the  system  desire  to  couHtruct  one  fur  them- 
aelvea,  but  beyond  the  general  accounts  given 
la  test-books  and  articles,  have  been  unable 


to  get  any  Instructions  as  to  methods  of  pro- 
cedure. This  book  la  designed  to  flU  this 
need,  and,  being  written  for  the  amateur,  need- 
Itss  technicalities  have  been  avoided  and  the 
matter  has  been  presented  In  aa  clear  a  man- 
ner aa  possible.  Tbe  author  flrst  Sketches  the 
history  of  radiotelegraphy  and  outlines  the 
physical  principles  on  which  It  la  based.  ▲ 
chapter  on  the  Foulsen  system  for  generating 
electric  waves  for  radiotelegraphy  then  follows. 
The  next  two  chapters  deal  with  practical  sys- 
tems for  the  use  of  the  amateur  experimenter, 
dencrihlng  the  receiving  and  transmitting  appa- 
ratus, Its  construction  and  Its  operation.  In 
an  appendix  the  Morss  alphabet  Is  glveh  for 
the  use  of  experimenters  who  mar  be  vnao> 
qualnted  with  it. 


MEN  WHO  SELL  THINGS.— By  Walter  D. 
Moody.  Chicago:  A.  C.  McClurg  ft  Co. 
Cloth;  B  X  7%  Ins.;  pp.  $1. 

The  qualifications  necessary  for  the  making 
of  a  successful  salesman  and  the  reasons  for 
so  many  failnree  In  this  brandi  of  business 
are  dealt  with  In  this  hook.  The  writer  has 
compiled  many  of  his  experiences  and  observa- 
tions and  he  writes  not  only  from  the  point  of 
view  of  the  salesman,  but  from  that  of  the 
buyer,  sales  manager  and  employer  as  well. 
While  the  book  hi  not  of  a  tedinleal  nature, 
nevertheless  the  fact  that  so  many  engineers 
are  connected  with  tbe  selling  departments  of 
their  firms,  and  that  young  engineers  espe- 
cially are  la^'kintr  In  knowledge  necessary  in 
this  line,  will  malte  it  one  of  value  to  many 
technical  men. 
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tlon.   One  marli;  American  price,  40  cts. 
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BATTRE  LA  POU88IERE  DES  ROUTES. 
— Presented  to  the  Commission  appointed 
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Le  Gavrlan,  Engineej-  of  Bridges  and 
Parks,  Secrr'nry  of  the  CommisBlon.  (Ex- 
tract from  '  ri  i  lies  des  Ponts  et  Chaus- 
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STEEL  CONSTRUCTIO.N.— A  Practical  Treat- 
ise on  the  Modern  Uao  of  Steel  in  the  Erec- 
tion of  Fireproof  Buildings,  and  Its  Ap- 
plications to  Structural  Work  in  General. 
By  Edward  A.  Tucker,  M.  Am.  Soc.  C.  B., 
Architectural  Engineer.  Chicago,  111.: 
American  School  of  Correspondenoe. 
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WATER  POWER  VALUATIONS. — Computa- 
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ELECTRICAL  TRACTION. — By  Ernest  Wil- 
son, M.  Inst.  E.  E.,  Professor  of  Electrical 
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BULLETINS  U.  S.  OBOLOGICAL  SURVEY.— 
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ton. D.  Puh.  Doc.  Paper;  5%  x  9  Ins. 
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lowa,  and  John  Preston.  New  York:  John 
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Robert  C.  H.  Hock,  Professor  of  Ejcperl- 
mental  Engineering  in  the  department  of  me- 
chanical engineering  at  Lehigh  University,  and 
author  of  a  two-vohimc  treatise  on  the  steam 
engine,  has  resigned  from  hi^  chair  at  Lehigh 
nslveralty  'after  a  period  of  fifteen  years  la 
the  servlcf  of  that  institution.  His  resignation 
followed  his  appululmeut  to  tlic  professorship 
of  mechanical  engineering  at  Rutgers  Colleca 
and  will  take  place  in  July.  The  course  in 
mechanical  engineering  will  be  offered  at  Rut- 
gers for  the  first  time  next  ypar  ami  the  work 
of  organlsatton  will  fall  upon  Prof.  Heck. 
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AjRECO^Ofi  NEW  TOOLS  ^  PROCESSES  i  AND  ^APPLIAglCEgJ^^ 


The  publication  of  material  in  this  tection  isnotpaid  for.  While  it  partaken  more  or  less  of  the  nature  of  ad- 
vertising of  the  firms  mentioned,  it  is  intended  as  review  notices  of  some  of  the  more  important  cataloguesreceived 
describing  new  features  in  machinery,  materials,  processes,  etc.,  of  interest  to  the  engineering  profession. 


A  NEW  ADDING  MACHIXB. 
Feeling  that  there  is  a  great  unfilled  de- 
mand for  a  cheap,  reliable  adding  machine, 
which  would  do  the  greater  part  of  the  work  of 
the  three  and  four  hundred  dollar  machines, 
Mr.  Max  Eckelmann.  of  Dresden,  Germany,  haa 
Invented  the  "Summus"  adding  machine.  It 
Is  abou't  ten  by  twelve  by  three  inches  in  size, 
and  weighs  about  ten  pounds.  The  machine  Is 
easily  carried  around  the  oflQce,  filling  that  re- 
quirement, "the  machine  should  go  to  the  man, 
and  not  the  man  to  the  machine,"  which  the 
large  and  bulky  machines  cannot  do.  There 
is  a  tight  fitting  cover  of  metal  which  when 
placed  over  the  machine  prevents  any  dust  or 
dirt  from  accumulating  on  it,  and  the  moving 
handle  on  the  under  side  can  be  drawn  out  to 
enable  one  to  carry  the  machine,  just  as  one 
would  carry  a  suit-case.  In  appearance  the 
machine  is  a  very  attractive  one,  being  highly 
enameled,  and  nickeled.  The  reading  bridge 
Is  of  German  silver.  To  keep  the  machine 
clean  requires  only  the  light  brushing  with  an 
ordinary  cloth.  As  the  machine  has  only  eleven 
moving  parts  it  does  not  easily  become  out  of 
order,  and  all  parts  can  be  duplicated.  There 
are  no  cogs  or  chains.  A  most  ingenious  fea- 
ture in  the  machine  is  that  it  adds  two  columns 
at  one  movement.  They  are  four  circular  disks 
bearing  figures.  The  outer  or  flrsf  disk  bears 
red  figures,  which  correspond  to  the  cents;  the 
second  disk  carries  the  units  and  tens  of  dol- 
lars; the  third,  the  hundreds  and  thousands; 
the  fourth,  the  ten  thousands,  hundreds  of 
thousands  and  millions.  Outside  of  the  disks 
there  is  a  largo  scale,  with  numbers  from  1  to 
100.  This  is  stationary.  The  lever  has  five  but- 
tons or  keys.  By  pressing  the  first  button,  the 
lever  Is  attached  to  the  first  disk  or  cent  disk. 
To  write  66  cents  one  has  to  but  move  the  lever 
to  66  on  the  stationary  scale,  and  then  move 


back  to  zero,  and  66  will  be  registered  in  the 
reading  bridge.  The  features  of  special  Inter- 
est in  this  machine  can  be  briefly  summed  up 
as  follows: 

There  Is  one  scale  common  to  all  disks. 

Mistakes  can  be  at  once  rectified  without 
affecting  the  total,  as  the  number  is  not  regis- 
tered until  the  lever  is  moved  back. 

The  working  of  the  machine  is  so  simple 
that  a  child  or  untrained  person  can  easily 
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operate  it,  whereas  the  key  machines  require 
experts  to  run  them. 

Numbers  can  be  added  in  any  direction, 
either  in  long  columns,  or  when  the  items  are 
scattered. 

The  capacity  of  the  machine  is  199,999,999. 

It  Is  placed  on  the  market  at  the  extremely 
low  price  of  1 50.00  and  Is  guaranteed  for  one 
year. 

The  "Summus"  machine  is  sold  by  A.  R. 
Tranchand,  135  Duer  St..  Plainfield,  N.  J. 
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Probably  the  flattest  reinforred-concrete 
arch  bridge  ever  built  is  that  on  Park  Ave., 
in  Branch  Brook  Park,  Newark.  N.  J.  The 
bridge  has  a  total  length  of  24  3  ft.,  7  ins.,  is 
74  ft.  wide  and  has  a  rlnar  span  from  the 
Bpringlng  lines  of  the  arch  of  1^2  ft.  with  a 


rise  of  16  ft.  2  ins.  and  a  maximum  clearance 
of  22  ft.,  6  Ins.  It  has  a  40-ft.  roadway,  with 
a  15-ft.  sidewalk  on  each  side.  The  rein- 
forcement in  the  bridge  is  designed  according 
to  the  Melan  system  and  consists  of  vertical 
Bteel-truBs  ribs,  built  up  of  structural  shapes. 
The  arch  was  additionally  reinforced  by  the 
Thatcher  reinforcing  bar.  The  bridge  waa 
built  after  designs  prepared  by  the  Con- 
crete-Steel Engineering  Co.,  Park  Row  Build- 
ing, New  York  City,  which  company  also  acted 
in  a  consulting  capacity  during  the  construc- 
tion of  the  bridge  by  the  Essex  County.  N.  J., 
Park  Commission.  • 


A  NEW  CONCRETE  WATERPROOFING 
CO.MPOUND. 

Aquabar,  as  its  name  implies,  is  a  bar,  a 
stop  or  obstruction  to  water,  and  la  such  an 
obstruction  to  its  passage  through  cement  or 
concrete  as  will  make  It  perfectly  impervious 
to  moisture. 

It  is  a  solution  with  which  any  hydraulic 
or  building  cement  may  be  tempered,  and  It 
Is  a  practical  impossibility  to  force  water 
through  the  mortar  or  concrete,  even  under 
heavy  pressure. 

It  is  a  water-like  solution  of  such  com- 
position as  will  never  evaporate  from  or  lose 
Its  obstructive  qualities  in  cement  or  concrete 
work  from  ago.  and  while  slightly  retarding 
the  rapid  setting  of  cement  when  tempered 
therewith,  It  in  nowise  atTccts  or  depreciates 
the  strength. 

This  substance  has  been  investigated  by 
many  expert  chemical  engineers  and  their 
opinions  regarding  it  are  most  favorable.  Mr. 
Richard  K.  Meade,  the  well-known  cement 
expert  of  Nazareth,  Pa.,  In  a  report  made 
after  investigating  the  preparation,  makes  the 
following  statements  regarding  it: 

"The  experiments  clearly  show  that  Aqua- 
bar  is  an  efficient  water-proofing  agency  not 
only  for  concrete  building  blocks,  cement 
bricks,  cement  roofs,  etc.,  but  also  for  cis- 
terns, stand  pipes,  deep  reservoirs,  cement 
conduits,  etc.,  when  the  concrete  work  must 
be  waterproof  under  pressure  of  water. 

"The  waterproofing  compound,  Aquabar, 
does  not  to  any  practical  degree  injure  the 
strength  of  concrete  in  which  it  Is  used.  Any 
engineer  would  readily  sacrifice  5  per  cent, 
in  strength  to  have  his  concrete  work  Imper- 
vious to  water. 

"Aquabar  does  not  attack  or  rust  steel,  and 
may  be  used  safely  with  concrete  in  which 
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expanded  metal,  rods,  bars,  etc.,  are  to  be 
Imbedded." — From  literature  of  the  American 
Cement  Waterproofing  Co.,  Philadelphia,  Pa. 


AN  INTERESTING  TEST  OF  A  SPIRAL 
RIVETED  PIPE, 

The  American  Spiral  Pipe  Co.,  Chicago,  haa 
been  performing  a  series  of  tests  to  determine 
the  strength  of  their  spiral  riveted  pipe.  The 
accompanying  illustration  shows  a  piece  of 
the  12-in.  pipe.  No.  16  gage,  which  was  sub- 
jected to  a  hydraulic  pressure  of  650  lbs.  per 
sq.  in.  This  is  equivalent  to  a  strain  on  the 
steel  of  62,531  lbs.  per  sq.  in.,  or  more  than 
the  theoretical  pressure  required  to  burst  a 
seamless  tube  of  the  same  thickness  and  made 
of  steel  whose  tensile  strength  Is  60,000  lbs. 
That  the  riveted  pipe  should  stand  such  an 


en<-rmouB  strain  is  an  interesting  illustration 
of  the  fact  that  the  old  axiom  that  the  Joint  is 
weaker  than  the  sound  metal  is  not  always  to 
be  relied  upon. 

Before  the  test  the  inside  diameter  of  the 
plpo  was  12.10  ins.  and  the  thickness  of  the 
plate  was  0.063  in.  After  the  completion  of 
the  test  the  portion  of  the  pipe  between  the 
seams  had  increased  more  than  ^  in.  in  diam- 
eter, although  the  diameter  at  the  seams  had 
remained  practically  constant. 

When  the  tests  were  carried  to  the  bursting 
point  it  was  found  that  the  rupture  occurred 
in  the  pipe  between  the  seams.  Altogether 
they  have  served  to  demonstrate  the  stiffen- 
ing and  strengthening  effect  which  the  seam 
has  on  the  pipe  when  it  is  subjected  to  great 
pressures. 


TWELVE-INCH  SPIRAL  RIVETED  PIPE. 


TRADE  PUBUCATIONS. 


CONCRETE  COUNTRY  RESIDENCES. — The 
Atlas  Portland  Cement  Co.,  30  Broad  St., 
New  York  City.  Cardboard;  10  x  12% 
ins.;  pp.  168.  $1.00. 

A  little  more  than  a  year  ago  the  first  edi- 
tion of  "Concrete  Country  Residences"  was 
Issued  and  found  a  wide  sale  among  persons 
interested  in  building  residences.  The  second 
edition,  which  has  just  been  issued,  contains  90 
pages  more  than  the  first  and  is  altogether  a 
more  complete  and  artistic  work.  One  hun- 
dred and  forty-six  homes  and  hotels  are  illus- 
trated, and  this  list  includes  all  the  more  not- 
able concrete  residences  in  the  countr>',  the 


cost  of  construction  of  which  ranged  from 
$2,000  to  1200,000.  In  addition  to  the  illus- 
trations the  architects'  plans  are  given  in  all 
but  twenty  cases,  and  the  best  eleven  designs 
submitted  by  architects  competing  for  the 
prizes  offered  by  the  Association  of  American 
Portland  Cement  Manufacturers  in  their  "Con- 
crete House  Competition"  are  also  included. 
In  all  cases  the  half-tone  illustrations  and  the 
architects'  designs  are  clear  and  distinct,  and 
anyone  who  Is  thinking  of  building  a  home, 
whether  he  had  intended  making  it  a  concrete 
house  or  not,  will  find  the  book  full  of  valu- 
able suggestions  to  him.    Not  only  will  it  be 
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tomid  to  contain  useful  Ideas  and  valuable 
suggestions  for  the  home  builder  and  the  In- 
T68tor,  but  for  tbe  arcbltect.  no  matter  wbat 
bis  fltandlDK  In  bis  profession,  as  well. 


DECKER  PRIMARY  BATTERY. — ^DedMr 
Electrical  Manufacturing  Co.,  16  Broad 
St,  New  York.  Paper;  8  x  8  ins.;  nM's 
inoatratad. 

Tbe  Decker  primary  battery  is  an  deetrio 
battery  that  generates  an  electric  current  bv 
chemical  action  which  takes  place  within  its 
calls.  It  differs  from  other  primary  tetterlea 
In  tbe  strength  and  duration  of  the  current 
produced  and  in  tbe  cost  of  producing  this 
current.  The  utmost  that  any  other  pilmMT 
battery  can  do  is  to  ring  an  electric  bell  or  run 
a  email  fan  at  a  cost  of  more  than  fire  dollars 
p.^r  horsepower  per  hour.  The  Decker  battery 
on  tbe  otber  band«  coats  about  one- 
twentieth  as  much  and  tbis  figure 
may  even  be  reduced  to  one-tbirtietll. 
Its  advantage  is  tbat  it  can  be  used  where  It 
la  now  Impossible  to  use  other  primary  bat- 
teries, Buch  as  running  an  electric  vebicle,  a 
small  electric  lighting  plant,  etc.  It  baa  the 
advaiitage  over  a  atorage  battery  in  that  It 
weighs  only  50  lbs.  per  horsepower  hour  of 
actual  output  The  principle  on  which  this 
battery  operates  la  fully  deaerlbed  In  the  folder 
which  may  be  obtatned  from  the  oompaay  on 
request. 


TUBMBR  SY8TBM  OF  RBINFORCBD  CON- 
CRBTB  CONSTRUCTION  POR  BUILD- 
INGS AND  BRIDGES.— C.  A.  P.  Turner. 
Minneapolis,  Minn.  Paper,  6  x  a  lus.; 
pp.  64;  Illustrated . 

This  pamphlet!  which  Is  bulletin  No.  10  of 
the  series  Issued  by  C.  A.  P.  Turner  and  the 
contractors  associated  and  doing  business  with 
bUn,  gives  many  excellent  examples  of  the 
"mosbroom"  system  of  reinforced-concrete  con- 
struction, as  well  as  a  number  of  tests  made 
on  panels  to  determine  their  breaking  strength. 
One  of  the  lllttfltraUons  shows  a  panel  16  ft.  1 
Ins.  by  1 5  ft  8  Ins.,  loaded  with  a  test  load  of 
90  tons. 


RICHARDSON  SEAMLESS  FIREPROOF 
DOORS. — I.  F.  Blancbard  Co.,  Fuller 
Bidg..  Now  York  City.   Paper;  4x9  Ins.; 

pp.  20;  illustrated. 

The  Richardson  fireproof  door,  which  is  de- 
Bcrlbcd  In  this  pamplili  t  haa  been  tested  by 
the  National  Board  of  Fire  Underwriters  at 
Chicago  for  one  hour  at  a  temperature  of 
F.  This  and  other  tests  have  shown  Its 
flre-fwlgtlng  qualities  to  be  such  that  the  New 


York  Fire  Insurance  Exchange  will  give  the 
lom  est  minimum  standard  rate  on  all  pollelss 
of  Instiranre  corerlng  buildings  where  this 
door  is  used  in  accordance  with  the  types  of 
bnlldUig  eonstructtm  sbowa  In  tbe  pamphlet 

THE  BATWARD  "TWO  IN  ONE"  HOISTING 
DRUM. — The  Hayward  Co..  103  Cedar  St., 
New  York  City.  Paper;  5%  x  S  ins.;  pp. 
16;  illuetrated. 

This  booklet  Is  published  for  tbe  purpose 
of  fllustratlng  the  applications  of  the  "Two  In 
One"  hoisting  drum,  to  various  classes  of  ma« 
chines.  This  hoisting  drum  can  be  used  on 
dredges,  excavators,  traveling  derricks,  railroad 
excavators,  guy  and  BtlfT-leg  derricks,  locomo- 
tives, cranes,  etc;  In  fact,  almost  every  style 
of  madilne  capable  of  operatlog  an  antomalte 
bucket  , 


CENTRIFUGAL  PUMPS  FOR  WATER- 
WORKS AND  HIGH  PRESSURE  FIRK 
SERVICE.— R.  D.  Wood  &  Co.,  Philadel- 
phia, Pa.  Paper;  «  x  »  Ins.;  pp.  86;  U- 
Ittstrated. 

This  pamphlet  illustrates  and  describes  the 

types  of  centrifugal  pumps  manufactured  by 
the  company  and  sbows  the  advantages  which 
they  posse.'^H  over  otber  pumps  whether  used 
for  high  beads  in  connection  with  a  producer- 
gas  engine,  or  for  low  heads  and  belt-driven. 


MOTORS  AND  ACCESSORIES.— F,  A.  BrOwn* 
ell  Motor  Co.,  Rochester,  N.  T.  Paper; 
6x9  Ins.;  pp.  20;  Illustrated. 

Brief  descriptions  of  the  marine,  auto  and 
other  motors  made  by  the  Brownell  Go.,  are 
given  in  this  pamphlet,  as  well  as  a  list  of 
parts  and  accessories.  The  F.  A.  Brownell 
Company  Is  sneeesior  to  tbo  BrowMll'Trrtiert 
Company. 


AUTOMATIC  ELEVATOR  GATES  AXD  FIRE 
DOORS. — Automatic  Door  &  Gate  Co., 
123  Llhorty  St.,  New  York  City.  Fmpsr; 
9  X  3  >4  las. :  pp.  4 ;  illustrated. 

This  folder  illustrates  tbe  counterbalanced 
flro-door  manufactured  by  the  company.  This 
door  gives  the  maximum  protection  against 
accidents,  being  closed  during  the  day  as  well 
as  during  the  atgbt 


NOMENCLATURE    OP   HURRAY  CORLISS 

ENGINES. — The  Murray  Iron  Works  Co., 
Burlington,  la.  Paper;  7  x  10  Ins.;  pp. 
l!4;  illustrated. 

This  pamphlet  contains  photographs  of  the 
various  types  of  the  Murray  Corliss  engines, 
and  drawings  In  which  tho  nomenclature  of  the 
v.nrtous  parta  is  given. 
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220  BROADWAY,  NEW  YORK 


Thli  IndM  la  latandsd  to  cof«r  ttm  tM  of 

technical  literature  In  a  manner  that  will 
make  It  of  the  greatest  use  to  the  greatest 
mml»~4hat  li,  it  wUl  «id«ftTor  to  list  aU  tlM 
articles  and  comment  of  technical  value  ap- 
pearing in  current  periodicals.  Its  arrange- 
iDMit  has  bMH  mada  wltlL  the  view  to  Ita 
adaptoblllty  for  a  card-index,  which  engineers, 
arthltaets  and  other  technical  men  are  grad- 
saUr  coming  to  consldar  as  an  Indlapansabla 
adjunct  of  their  offices. 
Bach  item  giree: 

1.  Foil  tltto  aad  author. 

2.  NanM  and  date  of  puhllcation. 
8.  An  asMinate  of  length  of  article. 

4.  A  Aort  dascrtpttra  note  ragardlag  tha 
scope  of  tha  artUda—wliaira  ooiisldarad  aaeas* 
sarr. 

6.  Prloa  at  which  ira  can  supply  currant  ar> 
tlolas. 


The  Pabliahers  do  not  carry  copies  of 
of  these  articles  in  stock,  but.  If  desired,  will 
supply  copies  of  the  periodical  containing  the 
article  at  the  prices  mentioned.  Any  premium 
asked  for  out-of-dato  oopleB  most  ba  addad  to 
this  priea. 

The  principal  Journals  in  the  various  fields 
of  technical  work  are  shown  In  the  aocompanjp- 
Ing  list,  and  easily  understood  abbrariSitlaM 
of  these  names  are  used  in  the  Index. 

The  Editor  cordially  invites  criticisms  and 
anggestlons  wherebj  tha  valna  and  naeftiliiaii 
of  the  Indaz  can  ba  agtandad. 

In  order  to  oompijr  wkb  toe  many  snggea- 
Chms  and  requests  of  readers  who  desire  to 
make  practical  use  of  this  index.  Ic  Is  printed 
on  one  side  of  the  sheet  only,  to  ymnlt  Ito 
dipping  at  anj  deslrad  itens. 


LIST  OF  PERIODICALS  INDEXED 

JOURNALS^  PROCEEDINGS  AND  TRANSACTIONS  OF  AMEEUCAN 

TECHNICAL  SOCIETIES 

Journal  Am.  Foundrymon's  As^n.  Proceedings  Engineers'  Club,  Phlladalphfak 

Journal  Assoc.  Engineering  Societies.  Proceedlnga  New  York  R.  R.  Club. 

Journal  Eng.  Soc.  of  Western  Pa.  ProceedlnRs  Pacific  Coast  Ry.  Club. 

Journal  Franklin  Institute.  Proceedings  St,  Louis  Ry.  Club. 

Journal  West.  Society  of  Bngtsaars.  Proceedings  U.  S.  Is'aval  Institute. 

ProoaedlQgs  Am.  Soc.  C.  E.  Transactions  Am.  Inst.  Blectricsl  Bngineeta. 

Proceedings  Am.  Soc.  M.  E.  TransacUotts  An.  Inst.  Mlnlnc 
Proctodings  Can.  Soc.  C.  S. 

{CuUintKd  on  Kcoml  page  foUmniig.} 
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Acetylene  Journal. 

American  Architect  and  BttlUlat  Nvin. 
American  Artiian. 

AflMrtcan  BnUdanf  Htlwr^   Bm  AAt.  wpo- 

▲BMricaii  Carpantar  4b  Builder. 
ABMrieaa  Bn^aMr  and  Jt.  B.  Jounial. 

Amartwm  Om  Usbt  JonraaL 
Amerlean  IndastHes. 

American  Inventor. 
American  Journal  of  Science. 

American  Marhiult-t. 
American  Shipbuilder. 

Architect  &  Engineer  at  Oattfanila* 

Architectural  Art. 
Architectural  llecnrd. 
Architectural  Review. 
Architects'  and  BoUdanT  Ibf. 
Architecture. 
Antoinobna. 

Braaa  World. 
Brick. 

Bnlletln  Am.  irrn  &  Steel  Assn. 

Bulletin  of  Dept.  of  Labor, 
Builonn  Univ.  of  Kauaas. 
Bulletin  i;niv.  of  wieconsln. 
California  Juuraai  of  Technology. 
Canadian  Architect  and  Builder. 
Canadian  Cement  &  Concrete  ReTiaw. 

Canadian  Electrical  NaWk 

Canadian  Engineer.  . 
Canadian  Machinery  ft  Maiiafaetariiic  Nam. 
Canadian  Mannfactarer. 
Canadian  Mining  JonraaL 
Canadian  Muniolpal  Joamal. — 8aa  Adr*  affo- 
•Ha. 

Caip«ntl7  and  BoIMlBS. 
OtMlar^  Magazlna. 
Castings. 
Cement. 

Cement  Akp. 

Cement  and  Engineering  News. 

Cement  Bra. 

Central  Station. 

Chemical  Engineer. 

Cold  Storage  and  Ice  Trade  Journal. 

Commercial  America. 

Compreased  Air. — See  Adv.  opposita. 

Concrete. 

Concrete  Aga. 

Concrete  TllinlliaailiMH 

Contractor. 

Conall  CStH  Bnglaaar. 

SaJlr  Conaiilar  and  Trada  Raporta. 

Domoitle  Bnglnaailns. 

Economic  Geology. 
Klectrlcal  Age. 
Electrical  Review. 
Electric  Journal. 

Bic'jtric  Railway  RavlaWd — 8aa  AdT.  oi^peaHa. 

Electrical  World. 

Electric  Traction  Weekly. 

Blectrnrlieniical  and  Metallurg-lcal  Industry.' 

Bnglncor 

Bngioeering-Contractlng. — See  Adr.  opposita. 
Engineering  and  Mining  JOttffBaL 
Bngineering  Magasina. 
■aglnaarlnB  Nam. — 8aa  AdT.  agfaalla. 


Engineering  Record. 

Factory. 

Far  Eastern  Review. 

Fire  and  Water  Bngineetlafr 

Forestry  and  Irrigation. 

Foundry.  ^ 
Gau  Engine. 
Gas  Power. 

Glass  and  Pottery  World.  , 
Hardware. 

Heating  and  Ventilating  Magaslnab 
Horseless  Age. 
Ice  and  Refrlgaratlon. 
Illuminating  Bngliiaar* 
Implement  Aga. 

ladnatrlAl  llagastna.! — 8aa  AdT.  OMNMltei 
Indnatrial  World* 
Inland  Ardbitaet. 

Insurance  Engineering. 
Internationa]  Marine  Engineering. 

Iron  Ase. —  l-'cifj  Adv.  awaajtai 

Iron  Iraiie  iieview.  - 

Irrigation  Age. 

Journal  of  Klectrfclty,  Power  and  Gas. 

Journal  of  L'.  s.  Artillery. 

Journal  of  Worcester  Polytechnic  Institute 

Judicious  Advarttaiag, 

Machinery. 

Marine  Revieir. 

Metal  Indoatrr. 

Metal  Worker.  Plnmtar  and  Slaaai  Vttlar. 

Mlnea  and  Mtnarala. 

Minaa  and  Mining. 

Mining  and  Sdentlfte  Piaai. 

Mining  Science. 

Mining  World. 
Modtjru  Machinery. 
Moody's  MagailnaL 

Motor.  ( 

Motor  Age. 

Motor  Boat. 

Motor  Car. 

Motor  TrafBc. 

Municipal  Engineering. 

Mnnlcipal  Journal  and  EnginOMT. 

Paper  Trade  Journal. 

Plumber's  Trade  Journal. 

Popular  Mechanics. 

Popglar  Boianoe  Monthly. 

Power. 

Power  and  TransnlMlOB. 

Power  Wagon. 

Printers'  Ink. 

Profitable  Advertising. 

Progressive  Age. — See  AdT.  Offpealta. 

Railroad  Gazette. 

Railway  Age. — See  Adv.  oproelte. 

Railway  and  Engiaef  ring  Review. 

Railway  and  Lncuni  ori  ve  rilnllMWIf  iHd 

Railway  and  Marine  World. 

Railway  Engineering 

Railway  Master  Mechanic 

Roadmaater  and  Foreman. — BaaAdT.aiwwItak 

Rose  Technic. 

Scientific  American. 

Scientific  American  SnpplaiBaat 

Selling  Magazine. 

Sibley  Jouraal  of  EnglnaafiBg'. 

Southern  Machinery. 

atevena  Inatltnta  Indlcatar. 
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8tr«et  RaUwa^  Journal. 
Taeholcal  World  Magazine. 

Technology  Quarterly. 

Textile  Maaufacturer'B  Journal. 


TridCBiniii. 
WaterproodiiK. 
Weet«m  Bleetrlelan. 

Wood  Craft 
Wood  Worker. 


PRINCIPAL  BRITISH  PERIODICALS 


Agricultural  Chronicle,  (m.) 
Architect,    (w.)  London. 
ArrliKfii  ts'  :Mat;azIne.     (m.)  London. 
Arciilteclurai  KeTlew.     (m.)  London. 
Autocar,   (m.)  London. 
Automobile  Journal,    (m.)  London. 
Automotor  Journal,     (w.)  London. 
Board  of  Trade  Journal,     (w.)  London. 
British  Architect    (m.)  London 
British  Clay  Worker,    (m.)  London. 
British  Trade  Review,    (m.)  London. 
Builder,    (w.)  London. 
Building  Industries,    (w.)  Qlasgow. 
GItU  BiiglnoorlBC.    (w.)  London. 
Cold  Stornvo.    (».)  London. 
OoUtoiy  Ouwdtan.    (w.)  London. 
Gommerdal  Motor,    (w.)  London, 
Concrete  &  Constr.  Engg.  (b-m.) 
Contract  Journal,     (w.)  L4)ndon. 
Electrical  Engineer,    (w.)  London. 
Electrical  Enilneerlng.    (w.)  London 
Electrical  Magaziue     (m  }  London. 
Electrical  Progress,    (m.)  London. 
Electrical  Review,     (w.)  LOOdOB. 
Electrician,    (w.)  London. 
Electricity,    (w.)  London. 
Engineer,    (w.)  London, 
■ngfnoering.    (w.)  London. 
Bnglnoorlng  RoTlew.    (m.)  London. 
Snglneoring  Times,  (w.)  London. 
■ngtnoorlnK  World,  (w.) 
SttgttMon'  OtMtto.  (m.) 
English  Mechanic,    (w.)  London. 
Oas  and  Oil  Power,    (m.)  London. 
Oas  Engineers'  Magazine,     (m.)  London. 
Hardware  Magazine,    (m.)  London. 
Implement  and  Machinery  Rev.  (m.)  London. 
Iron  and  Coal  Trades  Review,  (w.)  London. 
ttm.  and  Steel  Trades  Journal,  (w.)  London. 

AND 


PRINCIPAL  FRENCH,  GERMAN 

Annales  dm  Fonts  et  Cbauss^es.  (m.)  Paris. 
Baton  und  Elsen.    (q.)  Vlonna. 
Cemento.     (m.)  Milan. 
Oomptes  Rendm  do  I'Aead.  dot  SetanoM.  (w.) 
Paris. 

Deutsche  Bauzeltung.    (b-w.)  Berlin. 
Dtnglor'o  Poljrtecbnic  JonmnL  (w.)  Berlin. 
Bfsonbahntochnlseho  Zoltsdirlft.  (bHS.)  Bor> 
lln. 

Eiectnclen.    (w.)  Pnrto. 

Elektrlsrhe  Kraftbetriebe  nnd  Bahnen.  (w.) 

nprlin. 

ElektrochemlRche  Zeitschrlft.     (m.)  Berlin. 
Elektrotechuik  und  Maschluenbau.   (w.)  Vi- 
enna. 

Elektrotechniscbe  Zeltschrlft  (w.)  Berlin. 
Elettrlclta.     (w.)  Milan. 
(MnJo  Civil,    (w.)  Paris. 
Qosundhrtto-Ingenlour.    (s-m.)  Munich. 
Induatrio  Blectrlqao.    (»>ni.)  Puis. 
iDgenlerla.    (s-m.)    Bnenoi  AirM. 
Ingeuleur.    (w.)  Hague. 
Journal  f.  Gasbcleuchtung.     (w.)  Berlin. 
IMtnllurgie.    (w.)  Farti. 


Ironmonger,    (w.)  London. 

Ironmongers'  Chronicle,    (m.)  London. 
.Toiirnal  of  Gas  Lighting,     (w.)  London. 
Journal  ol  Society  of  Arts.     (w.)  London. 
Locomotive  Magazine,     (m.)  London. 
Marine  Engineer,     (m.)  London. 
Mariner      i  m.)  London. 
Mechanical  Engineer,    (w.)  Mancbeator. 
Mechanical  World,     (w.)  Manchester. 
Mining  Engineering,    (m.)  London. 
Mining  Journal,    (w.)  London. 
Mining  World,    (w.)  London. 
Motor,    (w.)  London. 
Motor  BonL    (w.)  London. 
Motor  Car  Jonmnl.    (#.)  London. 
Motoring  niustrated.    (m.)  London. 
Municipal  Journal,    (w. )  London. 
Nature,     (w.)  London 
Oil  Trades  Gazette.     (ni.)  London. 
Page's  Weekly,    (w.)  London. 
Paper  Maker,    (m.)  London. 
Paper  Making,    (m.)  London. 
Petroleum  World,     (m.)  London. 
Practical  Engineer.     (w  )  LondOB. 
Public  Works,    (q.)  London. 
Quany.    (m.)  London. 
Railway  Bnsineer.    (a.)  London. 
Rallwar  Oawtto.   (w.)  London. 
Railway  Magazine,    (m.)  London. 
Railway  Times,     (w.)  London. 
Science   Abstract.^       (m  )  London. 
Sells'  Commercial  Advertiuer.   (.w.)  London. 
8u  rveyor.    ( w. )    Lo  n  d  on . 
Toxtilo  Journal,    (m.)  London. 
Timber  Tmdoo  Jonmal.    <m.)  Londim. 
Times  Engineering  Supplement  (w.)  London. 
Tramway  and  Rallwaj  World,  (m.)  London^ 
Watfr      \Ui.y  I^ondon. 

OTHER   FOREIGN  PERIODICALS 


Mexico. 
Paris 

dps  Eiscnbahnweseaa. 


Minoro  Mexicano,  i  w.) 
Mol3  Sclentiflque.  (m.) 
Organ  f.  d.  Fortschrltte 

I  111.  I    Wlesbadi  Ti 
Revlsta  d.  Obras  Pub.     iw.)  Madrid. 
Revlsta  Tech.  Indus.     (m.)  Barcelona. 
Revue  de  M6cauique.  (m.)  Paris. 
Revue  O^n.  des  Chemlns  de  Per.  (m.) 
Revue  G£n.  des  Sciences,  (w.)  Paria. 
Revue  IndustrlellO.    (w.)  Paris 
RoTuo  ToGhnlQuo.  (bnn.)  Parla. 
Boflfta  Martttlma.  (m.)  Rom*. 
SdilSban.   (a-n.)  Borlln. 
SehwelMrlaebe  Bauaeltong.  (w.)  ZnrldL 
Stahl  und  Elsen.  (w.)  DQsseldorf. 
Technique  Sanltalre.  (m.)  Paris. 
Zeltpchrift  fur  Hamvoson.  Berlin. 
Zel«f^<t)rlft  f.  d.  Gesamte  Turblnenwesen. 

Munlcli. 

Zeilsfhrlft  d.  Oest.  Ing.  und  Arch.  Ver. 
Vienna. 

Zeltschrlft  d.  Ver  Deutscber  Ing.  (w.)  Berlin. 
Zeltachrift  fflr  Elektrochemle.  (w.>  Halle  a/8. 
Zcntralblatt  d.  Bauverwaltnnf.  (a-w.)  Barttn. 


(w.) 

(  w.) 


fHdet  lo  ArtirUt  itfitu  OH  Sfc&ttd  Pai'e  i-oiiov.Hns. 
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PRACTICAL  BUSINESS  BOOKS 


CORPORATE 
FINANCEand 
ACCOUNTING 

By 

H.  C.  BENTLEY,  C.  P.  A. 

(1008  EdIUon) 


A  working  manual  covering 
every  phase  of  corporate  finance 
and  accounting  clearly,  carefully 
and  comprehensively.  Its  prac- 
tical  and  common  sense  treatment  of  its  subjects, 
its  reliability  and  its  ^convenient  arrangement 
make  it  an  ideal  work  of  reference. 

It  treat*  of 

I.  THE  CORPORATtO!«  TREASl'RER, 

bis  dutJefl.  powprs  and! liabilities. 

II.  THE    CORPORATE     BOOK81  OF 

ACCOUNT,  IncludinK  oppnlnjt  and  special  entries, 
and  reiiort«  of  trMsurer  and  auditor. 

III.  TIIE  CORPORATE  FINANCEM,  in- 
cluding bank  dpptwilH.  cheeks  and  dlvldond^.l 

IV.  !«EC:OTIABI>E  IIVNTRli.llEXTS,  stat- 
LnK  ol«Mirljr  and  conriHely  the  rules  which  'govom. 

V.  THE     CORPORATE  SKCI'RITIES, 

IncludinK  i-ommon  and  preferred  stock  and  bonds. 

TI.  THE  FINANCIAL  FORnN,  including 
checks,  notes,  certiflcatlons,  stocks,  bonds,  etc. 


The  sccountinK  portion  of  the  book  is  by  Mr.  H.  C. 
Bentley.  C.  P.  A.,  an  auditor  and  accountant  of  ex- 
tendt'<l  pmcUcal  experience.  The  legal  and  llnnn- 
cial  iiortions  arc  by  th««  well  known  corpomtion 
authority.  Ur.  Thomas  Conyngton.  of  the  New  York 
Bar. 

The  book  Is  reliable,  up-to-date  and  authorita- 
tive. It  will  Ih-  found  of  daily  use  and  convenience 
by  every  man  of  afTairs. 

SOO  6x9  lnt.,'I90a.     Buckram  Bindinc.  Pr*- 

paid  Pric*.  $4,00 


FINANCING  .\S 


FINANCING 
:  :  AN  :  : 
ENTERPRISE 

By 

FRANCIS  COOPER 

(Second  Edition) 


A  practical  work  describing 
clearly  and  plainly  the  methods  of 
securing  money  for  enterprises. 

  Its  author  has  drawn  from  a  i>rac- 

==^  ■  tical  experience  extending  over 
many  years  and  -has  produced  the 
only  thoroughly  first  class  and  reliable  work  on 
the  subject  of  promotion--a  work  which  warns  the 
man  with  an  anterprise  away  from  the  blunders 
that  will  wreck  it  and  gives  him  just  the  informa- 
tion and  advice  herneeds  to  attain  success. 

WHAT  THE  BOOK  CONTAINS 

The  work  is  in  two  handsome  volumes  bound  in 
Buckram,  Volume  I  describes  the  methods  and 
re'iuisites  of  successful  flnonce:  tells  when  and  how 
to  investigate  an  ontcri>rlse.  and  how  It  may  be 
held  and  protected,  together  with  a  full  and  valu- 
able discussion  of  capitAliuktiun.  Volume  II  tells 
how  to  prepare  a  pro8i>cctus  and  how  to  present 
an  enterprise:  (1)  personally.  (2)  by  letter.  (3) 
by  circular.  ( 4  )  by  Kcnerul  advertising.  It  also 
contains  a  full  <liscuAslon  of  trust  fund  guaran- 
tees, giiantnteed  stock  and  bonds,  underwriting, 
commission  and  the  general  problems  of  promotion. 

WHAT  IN  SAID  OF  THE  BOOK 

tLxat\ir»i\a  .\r«a.  Stu  Ynrk  lUt:  :  "I'tvlook  will  W  hmiui  r.|irrUI- 
l]r  liil.Tr«tlnc  BU.I  il*i*rnl,  ««  hrllcvr,  hy  .-tixlnvcr*  mhii  m,.  ,  ..n  (,i 

lD«r.tU«le  .nil  n*|.nrl  tllmtl  new  rrilrn*rl"««.  .  .  .  R]l£lDri*r«  h  In*  lu 

(In  M-lfh  |i«tfnte<l  liivcfilinn*  .till  ilirlr  i'"i>inirrri«l  rt|)l«ilt.ll,iii  will  mlui 
fliiJ  mw  h  hi.trwtlve  aiM  lirliifitl  ni.Mvr  l»  lltl*  Irr.tUa." 

TitB  FlwAvrirH,  New  York  ^lly  :  "\  vrty  t.IiiiiM.  rba|>li*r  r«iirrTtt. 
|.ri*m(il.r.  an*!  fltiali'  Im.  mui  from  tlila  011.  aerthm  ntur.  itiay  t«  lanniM 
lu  flvc  mhiutra  tban  may  tm  acrtilltpllal^  by  tb*  Uyniali  III  lllaBy  >ft«r*.*' 

ntt.  W.  Ili.tl,  Ally,  at  Ijtw,  filMikaiif.  Wa.Mti|tl4iti  :  "  I  lutn  J»l  On- 
j.h.-ii  n'a.lt»«  >i>«ll  Iwii  »«>liimt-  w.irk.  *  Pltiatirliix  an  Kolrrprlai*,'  anil  .m 
frvr  lt.Ma>  It  fa  III.  ImH  work  »tl  lllla  autjvct  I  Imvv  <vtr  avru." 

II.  Tlram.  ArcniuiUnt,  N.w  Yivk  :  **  I  Imt.  atuitl.,!  Praitrh,  ^tUali 
and  Ormiait  U,(>ka  nn  III.  aill.Jf^,  tml  I  luv.  mrt  iiuikr  lhal  hlla  th.  ii.l1 
iHi  III.  h**4  a»  yimr  Uwk  il«i»a.'* 


C.  II.  Bpnwti,  M.rlrlral  r,,nlr«rliir,  MUlnl,  Fla.  : 
i»n'rl«i>"  r»».^Ur.i.   ji  !•  i  rrialiilr  II.  K." 


'  Flhanrlftc  an  En* 


543  Pat es.  2  VoU.,  Buckram  Bindinv.    Prepaid  Price 
$4.00.    Either  Vol.  Separately.  $2.00 


Tabl»  of  eonttnts  of  tit  her  of  th»  ahoVt  blorkj  and  geileral  price  list  of  business  books  free  on  application 


THE  RONALD  PRESS  CO.,   i^Iry'iV/e   New  York 
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ARCHTTEICTURB. 

For  Strcl  atu{  Reinforcrd  Compete  Building  Construction,  Foundationg,  Masonry,  etc.,  $ee  '^Engineering 
09H$tintai<m  andMaterial*"  under  CIVIL  EH  6  IN  BERING}  lor  Utatingtmd  Ventilation ,  nee  Hultdivision 
nMtlorlsr  mtithd  under  MECHANICAL  BNGINBEWNG;  tor  Electric  Lighting,  nee  "  Lighting" 
under  FT  E'TliWAL  ENGINEKUrXn :  for  Ehrntois,  s>r  "  Unlsfing  and  Uandling  Machinery" 
Wider  MECHANICAL  ENOINEEHJNG ;  for  Plumbing  and  Sanitation,  tee  ''^Semeroge"  under 
MUmCIPAL  BNGINBSItlNe. 


Apardueiit  Houmm. 

A^Rrtment  Houses.  Arch  4b  Bldrs  Mag— 
F*l>.,  08.  ai  flgfl.  1000  w.  40c.  Gives 
TfiKOM  and  hftlfotone  vlewi  of  16  modern  and 
repNMntatlTs  apartment  iMmtea  In  New  To»k 
City. 

Concrete  Architecture. 

Where  Concrete  Stands  for  Concrete.  H. 
C.  Ifareer.  Gemeat  Aga— Jan.,  08.  14  flgs. 


ICiH)  w.  20r.  Given  IlhiBtratfons  showing 
the  pleasing  roKults  that  followed  its  frank 
treatment  in  a  Pliiladelpbia  clubhouse. 

Public  School  Buildlnfrs. 

PubHi*  School  Buildings  in  the  City  of  ffew 
York.  c.  B.  J.  Snyder.  Am  Arch—Jan.  25, 
08.  14  figs.  3300  w.  Jan.  20.  27  figs. 
1600  w.  Baeli  COc 


.  AUTOMOBILES  AND  AERIAL  NAVIGATION. 


Aeroplanes  and  Aimhlps. 

New  Buropaan  Aeroplanea  and  Alrsblpa. 
8o  Am — Jan.  18.  08.   8  fisa.   1900  w.  SOe. 

Carfonreters. 

Some  of  the  Venturl  Tube  Peculiarities. 
Automobile — Feb.  6,  08.  3  flgs.  1700  W- 
SOc.  Diacnsses  tba  worklns  of  oarbureters 
of  the  VentnrI  tube  type  wttb  suggeatl<ma 

tor  their  ImproTeniPnt. 

The  Evolution  of  the  Petrol  Carbureter. 
J.  Wright.    Cass  tUm—Wb,,  08.    7  llgi. 

3000  w.  40c 

Oaaoline  Meter. 

A  French  Gasoline  Jlcter  for  Adtoninbne 
Use.  Automobile — Feb.  6,  08.  4  tigs.  2000 
w.  SOe. 

Oear  Itatioa. 

Gear  Arrangemeuts  and  Ratios  In  Motor- 
cars. Bngs — Jan.  Sl»  08.  8  flga.  S700  w. 
40c. 


Gfraacoplc  Actloii  of  Fljrwhecl. 

The  Gyroscopic  Action  of  an  AutomobUa 
Fly-wheel.  AutomobllO'— Jan.  18,  08,  8  1^. 
8400  w.  20c.  Dlaenssssa  Its  afleet  wban  tba 
car  la  rounding  eorrsa. 

Ignitent. 

Metbods  of  Teating  Igniting  Apparatua^I. 
F.  W.  Springer.  Bl  Wld.  7  llgs.  8000  w. 
lOe.  Gives  slmplo  matboda  of  intarsat  to 
aiitamobUe  usera. 

BfotovoBos. 

The  Hallford  Petrol-Electric  Motor-Bus. 
EuKR — Jan.  17.  OS.  1300  w.  40c.  Describes 
a  v-  l  ii  li  v  :t'i  a  generator  directlj  (  ■jiipled 
to  a  gas  iiiM.  i  riRine,  which  furnishes  current 
to  two  3:ii;'ri:r-..  >-:A<-h  drlvliig  n  rsar  wbaal  b7 
means  ot  a  worm  gear. 

Traction  Engine. 

A  Tbree-Cylinder  Compound  Tractor.  EnRr 
(Lond) — Jan.  24.  08.   3  figs.   1200  w.  40c 


QVIL  ENGINEERING 


BRIDOES. 
Arch,  Watamt  Lane. 

Progreas  on  tbe  Walnut  Iiane  Brldga»  Fklr- 
oont  Park,  Pblladalpbta.    Bng  Reo— Fab. 

15,  0<«.     A  figs.    3100  w.  20c. 

Concrete  Bridges,  Construction  Costs  of. 

Cost  of  Constrnetlng  a  Oonereta  Trestle 
and  Three  Concreto  CHrdar  Bridssa  wltb 
Abutments.  Bng-Contr — Feb.  B,  08.  8  llga. 
16U0  w.  20c. 

Brection. 

Erection  and  Waterproofing  of  Plate-Gir- 
der BridKt's  at  Plalnfleld,  N.  J.  Eng 
Feb.  1,  08.    4  figs.    1200  w.  20c 


Erection  of  the  Manhattan  iiridge  Across 
the  Ka.st  River.    Sc  Am— Fab.  I,  08.    4  flga. 

2400  W.  20c. 

Hraetkn  Travator  for  tbe  Ganasae  Hirer 
Vtadoct.    Sag  Rae— Jaa.  18,  08.  4 
2000  w.  20e. 


for 
Ma. 
800  w. 


Lift-Bridge 

liatboda  of  Conatruettng  Fba: 
Llft^Brldgea.  wttb  Soma  Flgnraa 
Bngg-Contr — Jaa.  16.  06.   8  flgi 

20c 

irilo  Rirar. 

New  Bridges  Over  the  Nile  at  Cairo. 
— Jan.  10.  0$.    2  flgs.    8000  w.  40c. 


Bngg 
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Civil 


Robert  McF.  Doble, 


CoDiul'lny  and  Supanrlaln^  Er^filnrcr. 

Xip«n  in  Hrdro-SIactrle  Powar  DavalopiBMt. 


Intmrcontinental  Engineering  Company 

R.  Trautacbold,  M.  B..  MAiiag«r. 
12ft  Utarfj  at,  raw  TOME,  M.  T. 


LnriB  S  Moorm 

CoiiMiltins  WatMvroofiDB  EngiaMV*. 

iMTMtlotion,  Rapertt.  T«*t*,  Ptaa*.  Ealimal**  and  Sp«ei> 
WMti— I  fM  WatwpMofias  mmi         pwlit  •!  all 


W«t«rpn>oflDg  r<>Quire,Y  tb«  saiD«  - u  riil-  ireatmtnt  u 
«UMr  •ocloeerlos  problems  to  obtalo  econoinloal  aad 

ITt       tb»  OBlr  MiwBltInc  wglntm  ntSMMtg  la 


im  BfMOwv.  rair  tobk. 


WilUam  D.  Mark»,  Ph,  B„  C.  E„ 

ConsuiUOK  En(dn«>r  and  StatUUclma. 
■taelrlo  BatHmn.       011  Motor  Can.  -4 

Blactile  LighUoK  SUUona. 
Pft'ir  KTT^ert  In  Obb  and  BiaeMattr  !•  ncw 
LtuCulu  ClMzeci'    Qm  OonpHOJi  ~ 

iUao  otliar  muatcipaUtlM. 


•oA  8tMl 

Galea  latlona. 

32  Park  Place.  R.  S8.  NSW  TORK  CITT. 


Sewerage  aod  Sewan  Dlaponl. 
Wal«r  Suppljr  and  PorMcaUOII. 
Water  and  Klectrie  Powar. 

aod  gjtlmat— . 


C  il.  p.  Tornflr 

M.  AzB.  Soc  C.  B.,  ConsulUnc  EnglaMr. 
BrldgM*  BoUdlngi^  Miimlirfiirln  Plwtt. 


,  MDmSAPOLIS.  mhim. 


W.  W.  Yomg, 

Con»uTtlnr  Engineer. 

K»»Bni>n«Uopt,  BattmaUa,  FloaneUI  and  BaglaMrtag 

Bnx  IM  On.  P.  a 

at  ma  mat-*  ww  torx. 


Contracton 


The  Arwolp  roMPANY 

ENGINEERS -CONSTRUCTORS 
CLECTRtCAL  -  CIVIL  -  MECHANICAL. 

%mt  UAaACi.*  •TItBST 
CMICAaO 


Battle  Creek  Bridge  Co. 

ENGINEERS  AND  CONTRACTORS 

R«it!i{oiw«1  ronciTt*  Bride*!! 
AlaoSUal  and  Wo«<l<>n  Briri^^^,  plk.  Drlvtng 
Foundat'.'  ■; -.  1  -i-m-r  ■  ui. 

BATTLK  <  KKKK,  MICH, 


•f  OmI  and  Coka  PltoU  aa4 


CiTll.  Utaing  Mi 
Harbait  U.  Cntwfirt. 
U  C.  Maehllas. 

L.  Z«arlay. 

i^MtettlM:  OourtiMUMi 

UNIONTOWN,  PA. 
llrmodi  OCIoa.  BBOWNavuXB.  PA. 

Situatiom  Wanted 

UdUI  tortliar  notice  we  wUi  puhUsh  without  chirge 
from  oar  renUr  aubacrlberB  wbo 
MBMHt  Bnplta  aur  to  MBt 
to  othara  b  tw»  ««ati  »  word. 


POaflTION  WITH  OPPORTUNITY,  br  Mnplorod  gradd* 

ate  niiThaiitcnl  cngttKwr.  Have  had  one  year's  eipert- 
cnce  In  manufadurlnjt  pltint,  otie  vcjir  IcstlnR  and  com- 
pudDK  reinforced  concrete.  Can  iiandle  men.  AddrMB 
m  a.  T./'  can  a(  Ito  BDitoaarlac  D4sMt 


POSmOX  WANTBD-Oraduate.  with  sood  rwsord  Id 
eDglneerlnK:  experienced  as  transitman,  levelmajt,  lo- 
cator, general  stirvere,  fown  sun'tys.  draftsmnn  mnpping 
and  Ifttcrlni?.  Snmples  of  nuip  drafting  .ir.u  lr-iterlng 
submitted.  StatP  salary  offeri-d  and  If  work  la  permanent 
enough  to  pay  a  married  innii,  I  request  Interview  ta 
submit  Fperlnioti,';  of  work  I-'lrst-cla.si  references.  JlA' 
drees  "W.  J,   D  ,"  rare  Thr  EnKineorlng  DlRest. 

MECHANICAL.  DRAFTSMAN  (23),  graduate  B.  8., 
with  shop  and  four  years'  drafting  experience,  two  jraars 
of  the  latter  as  power  plant  draftsman:  desire*  a  position 
In  New  Yark  Gltr.  BaCaraowa  from  paat  and 
employers.  A/Uttta  "H.  P.  W.."  «ara  Tto 
Dleesl. 

WANTED,  by  a  young  man,  graduate  engineer,  em- 
ployed but  desiring  a  change,  position  In  eaclaearlaf  4a> 
partmcnt  or  tia  superintendent  of  a  concrete  maehuieiT 
rumiiany.  Harp  a  ^ofld  !fpri»»rnl  kriowlodee  of  concrete 
machinery  and  i-xj-erlfO''!-  In  handling  mon.  Hare  con- 
ducted a  series. of  government  inventigattons  on  many 
tnc  componnds  now  on  the  market, 
nrlog.  Poeltlon  must  be  one  with 
OMartuaiUaa.  AfWntaaa  "B.  C,"  aara  Tha  Bnglaearlac 
oHeat.  '»  1 
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Hate-Ciirdcr  Bridge. 

A  Platc-G!rdpr  IlridRe  Roplacing  a  Bow- 
string Truss  in  Washington,  D,  C.     W.  J. 

Douslaa.  Eag  News — Feb.  13,  08.  5  flo. 
1800  w.  SOc 

Btfotod  lAtttoe  Bridges. 

Riveted  Lattice  for  Railroad  Bridges  of 

Maximum  Span;  a  Plea  for  a  Returu  to  Ra- 
tional Design.  Geo.  Huntington  Thomson. 
Ecg  News— Jan.  2'.'.,  OS.  13  Abs.  4000  w. 
20c.  A  r68um<5  favoring  riveted  lattice 
bridges  for  railroad  service,  and  opposing  the 
use  of  structures  witli  pia-connected  artlcu- 
latioQS. 
Tresties. 

FonttvUui  for  Btttanating  the  Quantities  of 
Kfttoriali  la  Timber  and  Pile  Treatiea,  and 
Wnt9  on  Esdmatliig  Coeti.  Bng-Oontr — ^Fe1>. 
11,  08.   1000  w.  20c. 

EARTmvORX,  BOOK  XXCtA.VAXION«  BIO. 
Kxcavatiou. 

ComineBts  on  tlte  Use  of  tlie  MattoOk.  Siig>> 
Contr — Jan.  lu.  OS.   1100  w.  20c. 

Thd  Cost  of  Earth  Excavation  with  Wagons 
During  the  Winter.  Bn^CoDti*— Feb.  it  08. 

700  w.  20c. 
FUling,  Coat  of. 

Cost  of  Casting  Earth  for  Filling  la  Be- 
hind  Retaining  Wall.  Engg-Conti^Jaa. 

Hacliinc  Trenching,  Cost  of. 

The  Cost  of  Digging  a  36-Mile  Trench  with 
a  Buckeye  Traction  Ditcher.  fing-Gontr — 
Feb.  12,  08.   1  flg.   7000  w.  20c. 

The  Cost  of  Excavating  a  Sewer  Trench 
^-ith  a  Potter  Trench  Machine.  Eng-Contr — 
Jan.  29,  08.   200  w.  20e. 

Stone:  Quarrying  and  Preparation  for  Sale. 

Qaarrr — ^Feb.,  08.  4  figs.  2400  w.  40c. 
I.-— Modes  of  Oocnrrence  of  Stone  in  Nature 
— Practical  Bearing  (tf  Qeologlaal  Condlttona 
Upon  Quarrying — ^Distribution  Of  Quanrtea  In 

the  United  Kingdom. 
Rock  Drilling  witli  Water  .let. 

The  Use  of  a  Water  Jet  to  Increase  the 
Speed  of  Rock  Drilling  and  a  Formula  Esti- 
mating the  Amount  of  Water  NecessaiT. 
Eng-Contr~Feb.  6,  08.    1200  w.  20o. 

Scraper  Work  Ooats. 

Cost  ot  Wheel  Scraper  Work  and  SlOblas 
Baukb  oil  a  Railroad  Job.  Eng-Contr — Jan. 
22,  08.    1100  w.  20c. 

The  Cost  of  Doing  Scraper  Work  In  Frees- 
Ing  Weather.  BnffJContr— Feb.  12»  OS.  600 

w.  20c, 

Test  Holes. 

Mt  ttioil  nnd  Cost  of  D:ill!ni;  T-  pt  Holes  In 
Earth  by  Hand:  Taking  a  Core.  Engg- 
Contr— Jan.  22,  08.  1  flg.   600  w.  20a 

ENOnnBBBDrO  oobbtbvckion. 
Aonednct. 

Prellmlnarr  Work  on  the  Loa  Angelee 

Aqueduct.    Eng  Rec — Feb.  8,  08.    7  ftga. 

bbiiO  w.  20c. 


BnOdlngs. 

Planning  and  Destgu  of  Electric  Power 
Stations.  Horace  Bott.  Surveyor — Jan.  24, 
08.  1700  w.  40c.  From  a  paper  read  be* 
fore  the  Society  of  Arcblteets. 

The  Cost  of  Building  Conatractlon.  Ir 

Age— Feb.  13,  08.  1  flg.  1100  w.  20a 
Depcrlljcs  the  approximate  cost  of  bulldingB 
of  varxing  widths,  lengths  and  heights. 

The  Stadium  of  Syracuse  Universlly.  Eng 
Rec — Jan.  18,  08.  5  flgs.  4600  w.  20c 
Describes  the  recently  completed  relnforced- 
concrete  stadium  tor  athletic  gamee.  which 
has  a  normal  seating  capacity  of  20,000  and 
covers  6  1-3  acres. 

The  Westport  Relnforcod-Concrcte  Power 
Hou.se.  Eng  Rec — Feb.  1,  OS.  11  figs,  3500 
w.  zOc.  Describes  a  power  house  in  the 
outskirts  of  Baltimore  harlns  a  capacity  ot 
55.000  HP. 

Wooden  Constructions  for  I.argo  Kinibi- 
tion  Buildings.  W.  Treptow.  Z  V  D  I— Jan. 
18.  08.  6  fl^  1800  w.  60a  De«erlb4»  a  lat- 
ticed wooden  arch  conatractlon  for  support- 
ing  roota  of  bulldlnga  aultable  fOr  large  es- 
hibitiona.  eta 

Oondnlt. 

Conduit  Of  Special  Design  In  Ogden,  Utah. 

Eng  Rec — Jan.  18,  08.  4  flgs.  2000  w.  20o. 
Descrlbca  a  reinforced  concrete  conduit  buUt 
at  one  side  of  the  street,  close  enough  to  Che 
surface  to  permit  the  street  curb  and  gutter 
to  torn  Ita  top. 

Oolvert. 

Method  and  Cost  of  Constructing  a  Rein- 
forced Concrete  Culvert.  Eng-Contr— Feb; ' 
12,  08.    1  flg.    600  w.  20c 

Dams. 

Reinforced  Concrete  Diaphragms  for  Earth 
Dams.  B.  .M.  Hall.  Eng:  News — Feb.  6,  08. 
2  figs.  1*0  0  w.  20c.  Describes  use  of  a 
vertical  core  wall  or  diaphragm  of  reinforced 
concrete  for  preventing  leakage  throttgb  tun- 
nels made  by  bnrrowlog  animals. 

The  Construction  of  Berth  Dams  by  Hy4 
draullc  Filling.  A.  Dumas.  CMnle  CItII— 
Jan.  11,  08.  14  figs.  4500  W.  60a  De- 
scribes methods  used  on  dams  In  Mexleo,  the 
Paciflc  States  and  Hawaii. 

The  Croton  Falls  Reservoir,  Croton  Water 
Syatem,  New  York.  Bng  Rdo — Jan.  18.  08. 
5  flgs.    2900  w.    80c.    Deicribei  the  oott- 

struction  of  the  main  and  dlTOrtlng  dams, 
and  their  appurtenances,  the  connecting 
channel,  etc. 

The  Estimated  Cost  of  the  Ashokan  Reser- 
voir and  Data  of  Actual  Cost  of  Similar  Earth 
Bmbankmenta,  Together  with  a  DIacunlon  ot 
the  Testimony  Submitted  In  tb»  I&TttttgBF 
tlon  of  the  Ashokan  Dam  Award — ^I.  Bng-. 
Contr — Feb.  12,  08.   3700  w.  20a 

The  Estimated  Cost  of  the  Main  Ashokan 
Dama  Bng  Reo— Feb.  15.  08.  8500  w.  20c. 
QItob  a  atatement  ot  the  methods  followed 
by  the  englneeni  ot  the  Board  ot  Water 
Supply. 
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There  is  'But  One  Standard 
Publication  Upon  All  Forms  of 

"Portland  Cement  Construction 


Concrete" 


Fubluked  MoiUMy,  Price  $1jOO per  year 


q  CONCRETE  is  the  most  widely  read 
journal  in  its  field  and  has  the  larg^est 
bona-fide  circulation  among:  that  class 
of  people  directly  interested  in  ^  the 
cement  and  concrete  Industry. 

Qlts  editorial  matter  is  practical  and 
definite.  It  carries  more  advertising: 
than  any  other  jonmal  in  this  field  and 
its  advertisers  are  reliable. 

Setid  7m  Ce$tis  ior  Sa^^le  Ggfy 


Cement  Sidewalks 


^  Plain,  everyday  advice  on  how  to 
make  cement  sidewalks  is  contained  in 
our  new  booklet,  "Cement  Sdewalks." 

This  booklet  covers  every  part  of  side- 
walk makinjr  and  is  desi^fned  tor  prac- 
tical purposes.  It  is  small  and  will  ht 
into  your  coat  pocket.  Price  2$  cents. 


Conqrete  Publishing  G>. 

235  Newberry  Building-,  Detroit,  Mich. 


It.  raw  TOBS;  M.  T. 

PtUnt  OonoMlor. 
CABSnn.  ATTINTION   TO  AFPUOaXIOIt 

PARING. 


EDWARD  8.  BEACH. 
Attomj  Mad  Counaelor-AV-Law. 

sFaauiat  m  PAmtr.  nusB^usx  am 


«a  WW  itfM^  raw  twuc. 


PATENTS 


TRADE 
MARKSi 


COPY- 
RISHTS 


ALL  te**  retumod  ir  pnl^'nt  Ih  not  socurcd.  Bond  sketch  and 
deflcrlptlon  tor  (r<>f<  reix>rt  as  to  patontabllUjr.  AdTto«  and 
book  on  "PATENT  PROraClfOM**  Mn»  OpM 
JONEM  k  BUDKNE,  PatMtl  IiMryan,  MM  %-7 
Bldf.,  WMhliicton,  D.  0. 


OLlibPABXKR 

SOLICITOR  OP  PATErrre. 
PaUnU  MCttTCd.   R«poru  nndand  m  to 


M  oMi  BUg..  waamiMTOii,  9.  a 


PATENTS 


Tr»(le-Mivrk3,  I.ftb«l»  nnd  Copyright*  Bead  for  my  trM 
book,  "How  to  Qet  Tbem."  If  you  will  Mod  m*  a  roach 
peaell  drawlnc  and  description  of  your  iDTAntlon,  I  will 
glv«  you  my  frM  opinion  to  Ita  patentability.  It  I 
•ay  It  ti  patentable.  It  Is,  and  you  tbould  bave  It  pat- 
ented at  once  and  turn  It  Into  money.  If  It  is  not  patent- 
abla,  I  will  tell  you  eo.  Best  sarrlce  In  erery  dei>artm«at. 
Whj  D0t  baTo  itr  It  ooata  no  moro  and  uanally  1«m  la 
the  Mtd.  Do  not  maka  ttaa  mlstaka  of  applylns  for  • 
patant  until  you  have  sent  tor  my  tree  book.  AdviM 

tfM. 

JOSHUA  R.  H.  POTTS 

ZiAWTBR, 

sot  nMk  it.  WaShtDCton.  D.  C. 

ao  Dturton  St..  ClUoito. 


TIIOtlA**  I»Ki:\V  S  I  1:1  VON 

KIN  I  iiUoii  Str«'rt,  >  .  w  \.>rk 
Engineer  ind  Pitcnl  Aiioriaey.  Imericaa  ted  turciie.   tslakktlwi  IKS 
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The  High  Needle  Dams  on  the  Big  Sandy 
River,  U.  S.  A.  B.  F.  Thomas.  Engg — Jan. 
17.  08.  9  flgs.  2000  w.  40c.  Describes  a 
series  of  movable  dams  of  the  Polr6«  type, 
OQe  of  which  Bustalns  a  head  of  18  ft. 

Reinforced  Concrete  Fonndatlons  Over  Bz< 
cavatlona  on  Paved  Streets.  Jafan  IfWML 
Proc  Am  See  C  E — Dec,  07.   l  lis.   600  w. 

80c. 

Sinking  Well  and  Cylinder  Foundations. 
Edward  Stoiiey.  Engg  Jan.  31,  OR.  1400 
w.  40c.  Gh'ps  data  on  work  done  by  dress 
divers  In  sinkias  bridge,  well  and  cylinder 
foandatloBB  in  India. 

The  Cost  of  Concrete  Foundation  Work. 
CoDc  Eug— Jan.,  08.  SOO  w.  20e.  Qlvea 
data  on  recent  work  In  Bridfeport.  Conn. 

|*||e  Protection. 

Timber  Pile  Protection  In  San  Diego  Bay. 
Eng  Rec — Feb.  15.  08.  1  flg.  800  w.  20c 
Describes  method  of  protection  used,  which 
consists  of  a  covering  of  cement  mortar 
placed  around  the  pile  after  the  latter  has 
1»ean  drlTeo. 
Belnforced  Concrete  Constmrtion. 

A  New  Trpe  of  Forms  tor  Concrete  Work. 
Eng  I:  '  Tan.  26,  OS,  2  nga.  900  w.  20c. 
Describes  a  npw  type  of  steel  centering,  each 
unit  or  section  of  which  consists  of  throe 
Ught-gage  steel  sbeeta,  two  of  them  parallel 
to  the  desired  surface  and  having  between 
them  a  tliird  specially  corrugated  sheet,  to 
-whldi  they  are  securely  fiutened. 

Austrian  Government  Regulations  for  the 
Use  of  Reinforced  Concrete.  Beton  u  Blflen 
^Jan.,  08.    12,000  w.  $1.00. 

British  View  of  Reinforcing  Method*. 
Thomas  Potter.  Cement  Wld—^an.,  08.  tO 
flgs.    2200  w.  20c 

DeHecttons  of  Relntorced  Conerete  Beams 
Supported  at  Two  Points.  B.  TvAVT-  Betoa 
u  Elsen — Jan.,  08.  2  flgs.  1000  W.  $1.00. 
Mathematical  exposition,  with  example. 

Form  Details  for  Concrete  Work.  R.  H. 
Haas.  Cone  Eng — Jan..  08.  4  flgs.  400  w. 
20c.  Gives  details  ot  two  systems  of  forme 
used  in  and  near  New  Tork  City. 

Methods  and  Costs  of  Coaorete  COWltrueo- 
tlon  with  Separately  Molded  Members.  W. 
H.  Mason.  Mnn  Kng  -Feb..  08.  2400  w. 
40c.  From  a  paper  road  before  the  National 
Asaodation  of  Cement  Users. 

Proposed  Building  Ordinance  Governing 
Reinforced  Concrete,  aiun  Kng  Feb..  08. 
SOOO  w.  40c.  A  report  to  the  NaUoaal  As- 
sociation of  Cement  Users  by  the  Commlnee 
on  Fire  Protection. 

Reinforced  Concrcete  Constniction  In  But- 
ter Brothers'  New  Building.  R.  W.  Maxton. 
Cone  Eng— Jan..  0.8  S  tigs.  1700  w.  20c 
Describes  methods  and  fonns  used  In  a  large 
building  in  St.  Uiuis. 

Reinftmed  Concrete:  Some  Formulas  and 
tables.  Ernest  McCullough.  Cem  Era— Jan. 
08.  5  flgt.  4800  w.  20c.  Serial.  Thto 
Instalment  deacrlbee  and  iUustrates  the  con- 


struction of  the  forma  used  in  foots,  beams 
and  column  work. 

Reinforced  Concrete  from  the  Contractor's 

Standpoint.  H.  H.  Fox.  Eng  News — Jan. 
30.  08.  3300  w.  20c.  Paper  read  at  the 
annual  convention  of  the  National  Cement 
Users'  Association.  Jan.  20-2  5,  190S.  Gives 
positive  instructions  for  carrying  out  WOrk 
in  an  economical  and  efllcaclous  manner. 

Self-Sustained  Reinforcement  of  Structural 
Shapes  in  a  Cement  Stock  House.  En^  News 
— Feb.  8,  08.  7  figs.  3200  w.  20c.  De> 
sertbes  a  storage  building  in  Montreal  la 
wUcb  the  reinforcement  Is  so  designed  as  to 
make  a  self-snstatning  ststi  framework  b^ 
fore  the  concrete  is  placed. 

Spirally  Reinforced  Concrete  Construction. 
S.  Sor.  Beton  U'  Blsen — Jan.,  08.  6  figs. 
1800  w.  $1.00.  Gives  methods  for  calculat- 
ing the  required  reinforcement  of  beams,  col- 
umns and  piles. 

Systema  of  Raliiforesd  Concrete  Construe* 
tlon.  Bmlle  O.  Perrot  Mun  ang-^Feb^,  08. 
1400  w.  40c.  From  paper  read  before  th» 
National  Association  of  Cement  Users. 

Test  of  Vislntlni  Beams.  Edw.  L.  Soule. 
The  Arch  &  Kngr— Jan.,  OS.  14  ligB.  1600 
w.  4  0c.  Gives  results  of  tests  on  three  rein- 
forced concrete  trusses  of  the  Warren  type 
used  In  plaoe  of  solid  beasns. 

The  Calculations  Of  a  Frame  Construction 
Encased  In  Reinforced  Concrete.  C.  Abtiea. 
Beton  u  Biseii— ^an.,  08.  8  flgs.  8000  w. 
11.00. 

The  Elastic  Behavior  of  Concre'o  (  onatr  ic- 
tiou  Under  Bending  Stress.  Herr  Heintel. 
Beton  u  Blsm— Jan..  08.  8  flgs.  8000  w. 
11.00. 

The  Influence  of  Bond  on  Stse  of  Beln- 

forcemeat  Dare  for  Conorete.  Wm.  P.  Qrosr 
ger.    Eng  Rec — Jan.  2S,  08.    1800  w.  80e. 

Gives  a  rational  method  of  determining  the 
maximum  size  of  bar  that  can  be  usftd  in  any 
given  span  and  system  of  loading,  consistent 
with  the  adopted  working  intensity  of  a(fhe- 
glun  or  bond  stress  in  the  bar. 

The  Necessity  of  Continuity  in  the  Steel  Re- 
inforcement of  Concrete  Structures.  E.  P. 
Qoodrlch.  Bug  Reo— Feb.  8,  08.  8800  w. 
20e.  Paper  read  before  the  NatlonUT  Cement 
TJeers*  .\8soclatlon. 

The  Relation  Between  Bending  Moment 
and  Shear  In  Reinforced  Concrete  Beams. 
B.  Loeser.  Reton  u  Elaen — Jan.,  08.  8  iigs. 
2000  w.  II  0  0.  Mathematical  espoaltlon, 
with  examples. 
Retaining  WaU. 

Flood  Protection  Along  Cherry  Creek  in 
nenver.  Colo.  Eng  Rec— Feb.  15.  08.  4  flgs* 
14(10  w.  20c.  nescrlbes  the  reinforced-con- 
crete  retaining  walls  which  form  the  sides  of 
the  new  dmnnel  used. 

fltruetural  Steel  Design. 

Deiic,  tlon  of  Beams.  E.  Meyer.  Z  V  D  I 
-  Feb  1,  OS.  13  figs.  5600  w.  60c.  Gives 
methods  tor  calcnlatlng  the  deflection  of 
beams  where  the  material  dOSB  AOt  act  ac- 
cording to  Hooke's  Law. 
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Technical  Education 


Armoar  Institute  of  Tedmology 

CHICAQO,  UJJN0I8. 

CourM*  In  Elleetrlcal,  Mechanical.  Clrtl,  Cbamlcal  and 
rir*  Protection   Boglneerlnx  and   Archttectnra.  Com- 
pletely equipped  laboratories  In  all  departmenta. 

Tear-book  Mnt  on  application. 

Lehigb  University, 

SOUTH  BBTHLBHBM.  FA. 
HENRY  S.  DRINKBR,  President. 
Coursee  In  CUll,   Mechanical,   Mining,  MeUIIurglcal, 
Electrical,  and  Chemical  Engineering,  in  Electrometal- 
lurgy and  Chemistry.  Also  Classical  and  L>l(erary  Course*. 

For  further  Information,  for  Registers  of  the  UnlTeralty, 
and  for  descrlptlTe  circulars  of  the  different  couraM, 
address                                          THE  RB0I8TRAR. 

CUrkaon  School  of  Tedinology. 

Thomaa  8.  Clarkton  Memorial.  Potadam,  N.  T. 
OrcanUed  under  charter  of  the  UnUeraltr  of  the  State 
of  New  York.     Counes  leadloE  to  deKrees  of  Bachelor 
of  Science  In  Chemical,  ClTil,  Electrical  and  Mechanical 
BnglneerlnK,  compriilnK  four  jreara  of  thorough  training 
and  resident  college  work  In  theory  and  practice  of  «ngl- 
neerlDg.     The   Clarkeon   Bulletin,   publlihed  qnarterly, 
mailed  on  application. 

WM.  8.  AU}IUCU.  Dlr«ctor. 

RensseUer  Polytechnic  Institute, 

TROY,  N.  Y. 
A  SCHOOL  OF  ENGINEERING  AND  SCIENCE. 
Roads,  Railroads,  Bridges,  Roofs,  Archea,  Dams,  Staam 
Engines,  Electric  Knglnes,  Dynamos,  Turbine*,  Founda- 
tions,   Water-Works,   Tunnels,   Sewers,   Rlrers,  Canala, 
Chemical  Analysis,  Mineralogy,  Metallurgy,  Asaaylng. 
For  catalogue  or  other  Information,  address, 

PAUfER  C   RICKBTTS  Praaldant. 

CoDege  of  EngiDcering, 

OHIO  NORTHERN  UNIVERSITY,   ADA,  OHIO. 
Coursea  In  Clrll,  Mechanical,  Electrical.  Mlnln«.  Sani- 
tary, Municipal,  Architecture. 
THOROUOH.            PRACTICAL.  BCONOMICAU 
School  In  aeaalon  the  entire  year.    No  time  limit  tor 
graduation.    No  fees.    Bnter  any  time.    Wa  glT*  atudenta 
what  they  need,  when  they  need  It. 
For  pamphlet,   catalogue,   or  Information,  addreaa, 

THOS.  J.  SMUUL,  Dean. 

RoM  Polytechnic  Imtibite, 

,       TERRB  HAUTB,  IND. 

Course*  In  Mechanical.  Electrical  and  CItII  EnglneeHnc 
Arcbltactur*  and  Chemistry.     BxtenslTe  Shops.  Com- 
pletely wiulpped  Laboratories  la  all  Departments.  Ex- 
penses low. 

For  catalogue  or  special  Information,  a4dr«M, 

C.  L.  MBB8,  Pre«!««it 

40  PER  CENT  REDUCTION 

FOR  THIS  WINTER 

The  publishers  of  Concrrtb  Enginekring,  a  monthly  journal,  have  provided  a 

Corr«apoii<lenc«  Courae  in 

Reinforced  Concrete  Design 

This  Oonree  i*  by  Wllbar  J.  Watson,  M.  Am.  8oe.  C.  E.,  a  ronsulting  engineer  of  CleTeland.  experlenred  in  the  design 
of  all  rlasses  of  Reinforreil  Cnnrrele  (.'onatrortloo,  who  will  examine  and  rritiotse  the  student's  work.  W«  have  matle  t«m- 
pornrlly  a  large  redurtion  In  th«  prires  of  this  roarse,  many  eniclDeer*  having  complained  of  decreased  ability  to  patronize 
it.   The  terms  will  lie  made  reasonable.   Circular  will  be  sent  on  reqaest. 

CONCRETE  ENGINEERING.  587  C«xton  Building.  Clewaland.  Ohio 


SELF  EDUCATION 

TEACH  YOURSELF  AND  INCREASE  YOUR  WAGES 

ONLY  DRAKES  PLAINEY  WRITTEM 

PRACTICAL  BOOKS 

CAN  TEACH  YOU  WITHOUT  THE  AID  OF  INSTRUCTORS 


K.viTy  viiliinif  posltlvfly  UP-TO-DATE  ami  wrilt.ri 
In  a  laniftiaK"'  »<>  plain  that  even  a  clillil  i  nn  nmlor- 
stsivl  DRAKE  U  ttir  larirt-ft  imblihhfr  nl  Mo^m 
Mechanical  Book*  for  honw  and  sbop  study  in  the 
world.  Wi-  pulill'li  sood  ImimIc.-  oil  i  vi  ry  tiUH  tiBiiirul 
.iit'ji'i't  Our  larve  illustrated  Cataloa  now  ready. 
Sent  free. 

FREDERICK  J.  DRAKE  &  COMPANY 
380  Wabwb  AvaoiM       CHICAGO.  U.  S.  A. 

In  onlcrlnu  our  rataloir  pli-aup  rnciitloii  this  paper. 


TRY  IT  YOURSELF 

FIVE  DAYS  FREE 

Thin  8liii|>l<<.  |iraotti-al,  occii- 
rnl«  comiiiitor  po»i«  only  a 
fractinn  of  ih"  price  of  koy 
nia<.'hlur»n  and  d<«<a  every- 
ililnjf  thi-y  <I'i  »<%f«>|>t  piint. 

The  RAPID  COMPUTER 
Adding  Machine 

W'  'rkH  right  un  Iho  iMXika  or  on  tbo 
'ir.-ik.  It's  a  won<|p>r  aa  a  time  saver 
nn<l  resnlt  Rpttcr.  Cn|i«cltr. 
use. 99.  irttdoosn't  ■•  make  good." 
orou'ro  nothluR  "Ut.  Stay  we  axndit? 
Postal      Tor  Fate  Csrstoa. 

XnK    IIAPin  COWPI'TKH  CO. 
JtJ  like  SNsrt  Kaii.  BOITOa  HIR80B.  MICH. 
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structural  Steel  Work.  Ernest  G.  Beck. 
Mecll  Wld— Jan.  17,  08.  6  figs.  1000  w. 
40o.  I. — ^EUT«ted  Work. 

The  Design  of  Struts.   W.  E.  Ully.  Bugs 

— Jan.  10,  08.  12  flgs.  3400  w.  40c.  Con- 
siders the  problems  involTf^d  in  the  design  of 
a  strut,  and  points  out  in  what  way  the 
usually-applied  formulas  fail  to  give  correct 
values  when  estimating  Its  strength;  also 
examines  the  cauaea  of  tlio  fillnre  Of  tbo 
Quebec  Bridge. 

Tower. 

A  Reinforced  Concrete  Observation  Tower. 
Eng  Rpc— Jan.  23,  OS.  3  Ars.  1000  w.  20c. 
Describes  methods  of  erecting  an  82-ft.  tower 
In  the  National  Military  Park  at  Vlcksburg. 
MIM. 

Xnnnels. 

New  Alpine  Tunnel*.  H.  Cox.  Z  V  D  I — 
Jaa.  11.  98.   6  flga.  400  w.  60e. 

History   of  Asphalts.     Huffta  Boormnii. 

Waterproofing — Jan.,  08.    1800  w.  20c. 

The  Waterproofing  of  Concrete — II.  My- 
ron H.  i.f»w{s.  Waterproofing — Jan.,  08. 
1800  w.  2  0c  Gives  »  eoneral  ontUne  of 
available  methods. 

Waterprooflns  «s  Applied  to  Concrete 
Structures.  A.  M.  Tipper.  Waterproofing — 
Jan.,  08.  2200  w.  20c.  Paper  discussing 
the  :'i ii'  "ntapo8  of  n.sphalt;  road  before  the 
Cement  Exhibition  Co.,  Dec.  20,  07. 

Waterproof  Engineering.  Edward  W.  De 
Knight.  Jl  Assu  of  Eng  Socs — Dec.  07.  8 
flgs.  7000  w.  f.Oc.  Paper  read  before  tbo 
Boston  Society  of  Civil  Engineers.  Oct.  16, 07. 

Cement  and  Concrete. 

BJasi-t  Fumaoe  Slag  and  Portland  Cement. 
Dr.  H.  Passow.  Caa  Cem  &  Cone  Rer — Jan., 
08.  7000  w.  SOc.  TmnsUted  from  the  Pro- 
ceedings of  the  Intemntioanl  Congrees  of 
Applied  Chemistry,  Berlin.  Sets  forth  the 
properties  of  the  blast  furnace  slag  cement. 

House-lCefuse  Clinlcer  Concrete  as  a  Build- 
ing Material.  Sc  Am — Jan.  2o.  OS.  li  llgs. 
2300  w.  20c.  Describes  the  use  of  the  clin- 
ker from  the  destructors  of  house  refuse  In 
concrete  for  house  building  purposes. 

Proportions  of  Concrete  and  Methods  of 
Mixing.  L.  C.  Wason.  Eng  Rec— Feb.  15, 
08.  3000  w.  20c.  A  paper  read  at  the 
Buffalo  Conv>  ntiifn,  Nation^  Assoctattom  of 
Cement  UB^rs,  Jan..  08. 

Some  Conclusions  from  the  Application  of 
a  Theoretical  Analysis.  W.  A.  Aiken.  Ce- 
ment Age — Jan.,  08.  3200  w.  20c.  Paper 
read  before  the  Association  of  American 
Portland  Cement  Mannfkctnrera,  New  York 
City,  Dec.  9-11.  OT. 

The  Manufacture  of  Commercial  Portland 
Cement.  Richard  K.  Meade.  Mln  Sc — Jan. 
23.  08.  3  figs.  ?<400  w.  2nc.  Describes 
inctliods  used  in  the  burning;  of  raw  material, 
the  fuel  used,  the  grinding  of  the  clinker,  etc. 


The  Modern  Manufacture  of  Portland  Ce- 
ment— III.  Cement  Maker — Jan.,  08.  2  flgs. 
1300  w.  20c.  Describes  hrUdtf  the  con- 
stmction  of  tube  mills. 

The  New  Mill  of  the  Union  PortUutf  Ce- 
ment Co.  Eng  Rec — Vtib,  1,  08.  4  flge. 
2600  w.    20c.    Describes  a  recently  con- 

■tructed  mill  of  2500  bMs   d  illy  capacity. 

The  Transportation  Problem  in  the  Port- 
land Cement  Plant.  C.  J.  Tomlinson.  Sdc 
News — Feb.  13,  08.    2500  w.  20c. 

Titrating  of  the  OMnmt  Raw  Mtxtura.  A 
L.  Larson.  Can  Con  ft  Cone  Rev — Jan.,  08. 
2900  w.  tOc  Describee  the  principal  methp 
ods  used  for  the  control  of  the  mlxtote. 

Iron  and  Steel,  Gorroekin  of. 

RelatlTe  Corrosion  of  Wrought  Iron  and 

Soft  Steel  Pipes.  T.  N.  Thomas.  Htg  ft 
Vent  Mag — Jan.,  08.  8  flgs.  3000  w.  20c. 
Head  at  the  Jan.,  08,  meeting  of  the  Ameri- 
can Society  of  Heating  and  Ventilating  En- 
gineers. 

The  Effect  of  Coal  Gas  on  the  Corrosion 
of  Wrought  Iron  Pipe  Buried  la  the  Earth. 
Am  Gas  LI  Jl— Feb.  10,  68.    1800  W.  80c. 

Timber  Pre.servutioii. 

Creosote  for  Timber  PreserrlAC  By  Aff* 
— Jan.  31.  08.    1900  w.  20e. 

Method  of  Treating  Wood  that  la  Raifk«o- 

tory  to  Treatment  and  at  the  Same  Time  Sub- 
ject to  Decay.  Ry  .Age— Jan.  31,  08.  1800 
w.  20c.  Paper  read  before  the  I.'.  S.  Wood 
Preservers'  Assn.,  Kansas  City.  Jan.  24,  08. 

RIVKB8,  CANALS,  HAKJOOBS. 

CaniilM. 

Conntruction  of  Lock  3.  Erie  Barge  Caual. 
Oscar  Hasbrouck.  Eng  Rec — Feb.  8,  08.  4 
flgs.    1400  w.  20c. 

Statement  of  Col.  Geo.  W.  Goethals.  Chair- 
man of  the  Isthmian  Canal  Commission,  Be- 
fore the  Senate  Committee  on  laterooeanle 
Cansla.  Bng  News — Jan.  80,  08.  8600  v. 
SOc  fiitract  ftom  the  testimony  of  CoL  Qoo- 
thals  of  the  matter  of  most  Interest  to  engi- 
neers and  contractors. 

The  Pauauia  Canal:  a  Brief  Ktateraent  of 
Work,  Equipment  and  Finances.  Eng  Nowa 
— Feb.  13,  08.    1  flg.    2400  w.  20c. 

Drodgini;. 

DrcdKinK  Coi^t  on  fbe  St.  Lawrence  River 
and  in  Other  Parts  ui  Canada.  Emllc  Tx)W. 
Eng  News — Jan.  30,  (jS.  L'400  w.  2(tc.  Gives 
tables  showing  dredging  accounts  during  the 
fiscal  year  1005-1906. 

Dredging  Machinery — TIL  8.  S.  Wyer. 
Ind  Mag — Jan.,  OS.  2  flgs.  800  w.  80c. 
Describes  tiie  diificuitics  met  yrlth  la  the  da> 
sign  of  dipper  dredges. 

Dod»  and  HailMwe. 

Floating  Docks.  Harry  R.  Jarvls.  Pract 
Eugr- -Jan.  17,  OS.  8  figs.  3500  w.  40c. 
Abstract  of  paper  read  before  the  North- 
East  Coast  Institution  of  Enf^neers  and  Ship- 
builders on  Jan.  10,  08.  Gives  deaCT^OB 
of  various  types  of  floating  docks. 
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COMPRESSED 
AIR 


The  final  authority  on  Pneu> 
made*;  edited  by  eig>erU; 
■  to 


Are  You 

An  Engineer? 
An  Architect? 
A  Contractor  ? 
A  Manufacturer? 
A  Railroad  Man? 
A  Mine  Manager? 
A  Coal  Operator? 
A  Poundryman? 
A  Quarryman? 

EvNTirdiiog  relating  to  compressed 
air  practise  from  all  over  the  world 

will  be  placed  before  you  monthly 
if  you  are  a  subscriber  to 

Compressed  Air. 

A  new  volume — No,  13 — begins  with 
January,  1906.  Subscribe  now  and  get 
the  complete  volume  for  the  year. 

$1.00  per  year — U.S.  aid  Mexico 
IIJO  per  year-Xanadaodabnnd 


Compressed  Air 

Bowling  Green  Bldg.,  New  York 

EASTON,  PA. 


CONCRETE 

Capillary  Positive  or 
Capillary  Negative— 

WHICH  SHALL  IT  BE  ? 

Voidless  concrete  is  not 
only  theoretically  but  prac- 
ticallv  possible,  but  concrete 
proof  against  capillarity  is 
only  possible  where 

HYDRATITE 

IS  USED 

Watertight  Concrete 

results  only  when  made 
voidless — and  the  constitu- 
ents are  converted  from  the 
capillary  positive  to  the 
negative.  The  method  and 
the  means  for  accomplishing 
this  result  are  yours  for  the 
asking. 

A.  C.  Horn  Company 

WATERPROOFING  ENGINEERS 

6-8  Burling  Slip 
NEW   YORK  CITY 
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Quay  Wall  for  the  New  Dry  Dock  at  the 
Charleston  Navy  Yard.  Enp  Rfc — Feb.  1, 
OS.  C.  flKB.  2S00  w.  2(ic-.  Dosrrlbes  the 
niBsslve  reinforced  coustnutlon  used. 

The  Physical  DIfflculties  of  Modern  Har- 
bor and  Dock  KxtonRion.  H.  C.  M.  Austen. 
Eugg — Jan.  10,  OS.  Discusjics  the  demands 
III  I  1  by  ihf  ev  er-lnt  reaalng  size  of  steam- 
sbips  tn  the  way  of  extension  ot  harbors  and 
docks. 

tn§g0aem  mA  Itantiuige. 

Cement  in  Reclamation  of  Deserts.  Ed- 
mund T.  Perkins.  Cem  Wld  Jan.,  OS  Ifl 
flgfs.  3800  w.  20c.  Describes  sonu  <if  tho 
prent  Irrigation  projects  In  the  Western 
States  in  which  concrete  has  played  ft  prOBll* 
nenl  part  In  construction. 

Egyptian  Irrigation  Pumping  Plants.  E. 
F.  Huber.  Z  V  D  I— Jan.  11,  Os.  :!l  figs. 
6600  w.  fiOc.  Describes  a  number  of  recent 
centrifugal  pumptDg  pliinta  ioatBlled  alons 
the  NUe„ 

Trrlgatlon  tn  Egypt.  Bngr  (Lond) — Jan. 
10.  08.  2  figs.  1500  w.  Jan.  17.  3  figs. 
2400  w.  Jan.  24.  13  figs.  4000  w.  Each 
40c. 

Lining  of  Ditchet  and  Reservoirs  to  Pre- 
vent Seepage  Lonei.  B.  A.  Etcbeverry.  Ir 
Age — ^Feb..  08.  t  flgs.  1600  w,  SOe.  De- 
scribee sftecliods  of  eeonomieally  lining  Irri- 
gating dltehes  and  canals  In  Calif  orala. 


Swamp  and  Overflowed  I^and  Drainage  in 
the  Mississippi  Basin.  £ng  News — Feb.  13, 
08.    2500  w.  20e. 

Hie  Reclamation  ot  lUnnesota^  Wet 
Landa.   O.  A.  Ralph.   Bng  News — Wb.  IS, 

08.  1100  w.  20c.  Abstract  of  a  paper  read 
at  the  annual  meeting  of  the  Illinois  Society 
of  Engineers  and  Surveyors  at  Champaign, 

III.,  Jan.  15  to  17,  OS. 

The  Jtelation  of  Waterways  to  Drainage 
Areas.  M.  L.  Enger.  £ng  Rec — Feb.  1,  08. 
1200  w.  20c.  Paper  read  at  the  annnal 
meeting  of  the  Illinois  Society  ot  Bni^neefs 
and  SttrreyoTS. 

Shore  Protection. 

Foreshore  Erosion  and  Reclamation.  Prof. 
Henry  Robinson.  Surveyor — Jan.  17,  08. 
4300  w.  40c.  Paper  read  before  the  Sur- 
veyors' Institution.  London,  with  dlseuHlon. 

Stream  Flow. 

A  Logarithmic  Diagram  for  the  Flow  of 
Water  tn  Open  Channels.  Qeorge  A.  Damon. 
Bng  News — ^Feb.  t,  08.  lllg;  SOO  w.  10«k 
-  Olves  a  diagram  based  ob  the  Chdsy  tormttlat 
for  facilitating  calculations. 

Stream  Gaging  In  the  Alpine  Regions.  P. 
I.evy-Salvador.    G«nie  Civil — Jan.  25.  08. 
1 1  fige.  6000  w.  dOe. 
Wharf. 

Storage  Wliart.  Mines  *  Mln — ^Vsh..  08. 
3  flgs.  1500  w.  40c.  Deserlbeo  tho  coal 
hnndllng  apparatun  ot  the  Berwiad  Fttel  Co.« 
at  8iip«rior,  Wis. 


ECONOMICS 


Appraisal  and  Depredation  of  Properties. 
The  Appraisal  and  Depredation  of  Wator» 
works  and  Similar  Propertlss.  W.  H.  Bryan. 
J1  Aran  Eng  9ocs»-I>ee.,  07.  8  flgs.  19,000 
w.  60c.  Paper  (with  discusrion)  read  be* 
fore  the  Club,  Nov.  6,  07. 

Apprentlees,  Bdoostlon  of. 

The  Training  of  Engineering  Apprentices 
— 1.  Engr  (Lond) — Jan.  17.  08.  2  flgs. 
3400  w.  Jan.  21.  1700  w.  Each  40c.  De- 
scribes a  new  apprenilt  •  ship  sv  stem  adopted 
by  an  English  firm  \\  lui  b  lias  done  away 
with  the  premium  pupil  system. 

Employer's  Liability. 

The  Dire  Cost  of  and  the  Best  Remedy  for 

f  areles^neB.«?.    Indus  W'ld — Jan.  20.  08.  3500 

w.      i'lic.      Disi  iiss«!H   thi'   prnvlsiniis  of  the 

Casey  Act  on  employers'  liabilities  in  Penn- 
sylvania. 

lUtng  Data  nnd  Ttetoiil-^. 

A  System  o(  Filing  Engineering  .Notes  and 
Records.  Eng  Rec— Feb.  8.  OS.  4  flgs.  ;;2  00 
w.  20c.  Describes  an  elaborate  system  used 
by  the  City  Engineer  of  Salt  Lake  Ctty,  Utah. 

n>e  Protection. 

An  English  Automatic  Fire-Alarm  System. 
EngX.  ws  F(  ti  6,  OS.  2  figs.  1700  w.  20c. 
Describes  ssysiem  In  which  alarm  elrcrilt  la 
closed  by  the  increased  sag  ot  :i  long  (  opper 
span,  due  to  the  sudden  rise  of  temperature. 


First  Aid -Instructions. 

First  Aid  to  the  Inlnred.  Dr.  J.  W.  Hswen. 
lllnes  4b  mn— Fsb..  08.  8  flgs.  2800  w. 
40e.  OlTes  general  Instructions  In  regard  to 

treatment  of  broken  limbs,  bleeding,  feint- 
ing, shodis  from  electric  wires,  etc. 

-Foretgn  MiwT*>*tif  HaritelB. 

Foreign  Marketing  of  American  Machin- 
ery. Sell  Mag — Feb.,  08.  800  w.  20c 
States  the  methods  nsed  by  an  exporter  <tf 
machinery. 

Feiislom  and  Insoranoe  for  Bmpleyeee. 

.\  Mi.ib^rn  System  of  Pensioning  and  In- 
suring li,mployees.  Ir  Tr  Itev  ,lan.  2:{,  0  8. 
6  figs.  laUO  w.  20c.  Describes  a  compre- 
hensive system  evolved  and  put  Into  effect 
by  Deere  &  Co..  Mollno,  III..  maanCactnreni 
of  steel  plows. 

Purchasing  Method. 

A  Systematized  Purchasing  Department 
Ir  Age — Jan.  23.  OS.  7  ftps  3100  w.  20c. 
Describes  the  method  of  lumdilug  buying 
records  evolved  by  the  purchasing  agent  of 
the  Hudson  Companies,  and  glyss  Itlttstr^ 
tions  of  the  forms  used. 

Shop  Vmts. 

A  Simple  System  of  Recording  Shop  Costs, 
r  J.  Redding.  Outlines  a  system  that  has 
provt-i]  successful  in  an  English  WOlfcS  0Uf 
ploying  three  thousand  men. 
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You  Can  Save  $350 

By  buying  the 

"SUMMUS" 

Instead  of  the  Old  Style,  Cumbrous  and  Expensive 

ADDING  MACHINE 


THE  "Summus,"  which  has  just  been  put  on  the  market,  is  the  only  low-priced, 
hiph-gfrade  adding^  machine  sold.  It  is  simpler  and  easier  to  operate  than  any 
other  machine  ever  made.  It  weig^hs  but  ten  pounds  and  can  easily  be  carried 
around  by  the  operator.  It  can  be  mastered  in  a  few  minutes  and  its  speed  is  only 
limited  by  the  speed  of  the  operator.  It  is.  sold  under  a  positive  gruarantee  for  one 
year. 

The  "Summus"  saves  Time,  Money,  Brains, 
Lightens  Labor  and  Prevents  Errors 

Price  $50 

Capacity  199,999,999 

Send  for  Circular 

A.  R.  TRANCHAND 

135  DUER  STREET  PLAINFIELD,  N.  J. 


Patronize   ENGINEERING    DIGEST    Advertisers   When   You  Can. 
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M«tb<Ml8  Of  Ordering  and  Routtiig  Work. 

Oscar  E.  Perrlgo.  Ir  Tr  Rev— Feb.  G,  08. 
5  figs.  2700  w.  20c  Fifth  of  a  series  of 
aitidw  oa  ooat  koepiar  and  chop  maaaga* 

BHUlti 


Xabolstlng  Machine. 

Mocbanlcal  Offloe  Appllanoea.  O.  W.  Oliver. 
Rr  ft  Ens  Rev— Jan.  26,  08.  5  flga.  2600 
ir.  20c  DeacHbes  card  punch  and  effective 
wntlag  and  tabulating  machine  for  use  In 
railway  stattotlcal  work. 


ELECTRICAL  ENGINEERING 


K  r.  K  CXnOCHEMISTRY. 
Klectmchfinical  AnnlyMs. 
♦  Elpctroohpmiral  Analysis  with  Rotating 
Anodes  by  the  Industrial  Laboratory.  An- 
drew M.  Falrlle  and  Albert  J.  Bone.  Electro- 
chem  A  Met  Indoa— Feb.,  08.  3300  w.  40c 
II.^lI«l]iodB  of  Analyite  anA  Procedure. 

* 

Xleotnliiii. 

BlectrolTals.  Albert  F.  Oans.  Prog  Age — 
Feb.  1.  08.  8  figs.  10,000  w.  20c  Paper, 
with  dlsrusslon,  read  before  tll6  An.  Qai 
Inst.,  WaBhliigtoa,  Oct.  7,  07. 

ELECTBOFH  If  SICS. 

Air  Gap,  BelvcCaiiee  of. 

The  Relurtanco  of  tho  Air  Gap  In  Dynamo 
Machines.  ITjos.  F.  Wall.  El  Engr — Jan. 
10.  08.    6  flga.    2400  W.  40c 

Altemato  rurrcnt  Tran^imission  In  Cables. 

Tho  Theory  of  Alternate  Current  Trans- 
mission In  Cables  (concluded).  C.  V.  Drys- 
dale.  Blecn — Jan.  10,  08.  4  flga.  1500  w. 
40c 

Saeotrle  Watharge  In  Gaaee. 

Tke  mectrle  Diacharge  In  Monatomlc  Oases. 
Frederick  Boddy.  Bngg — Jan.  31,  08.  2 

figs.   SOOO  w.   40c.   Paper  read  before  tha 

Royal  Society,  Nov.  7,  07. 

Bfagnedc  Ijeakage  in  Tntfactloa  MoCora. 

Magn<tir  LeakaKe  In  Induction  Motors. 
R.  E.  Hellmund.  Kl  Whl— Jan.  26,  08.  5 
figs.  3600  w.  20c.  Gl\fs  n  detailed  ac- 
count of  the  various  factors  which  ap- 
preciably inflnenoe  the  end'oonneetion  leak- 
age. 

Mitf{uetic  OsolllatlonB  in  Alternators. 

Magnetic  OBcillations  lu  Alternators.  O 
W.  Worrall.    EIcc  P^nsr— Jan.  16.  OS.  11 
figs.    I  JOO  w.    4'ii-.   Taper  read  at  tho  meet- 
ing of  the  Manchester  Local  Section  of  the 
Institution  of  Electrical  Engineers. 

Ivon  flcauplags.  Heat  OondnctMtr  of. 

The  Heat  Condnettvlty  of  Iron  Stampings. 

Tho8.  M.  Barlow.  Elec  Rev — Feb.  1,  08.  6 
figs.  3200  w.  "Oc,  Abstract  of  a  piiin  r 
read  recently  belore  the  luBtltutlon  of  Elee- 
trlcal  Englneera  of  Oreat  Britain. 

sioieuoid  in  Series  with  Resistance.  Charles 
n.  Underhill.  El  Wld-^an.  18.  08.  0  figs. 
l»00  w.  20c 


GEINERATORS,  MOTORS,  TBANSFOBMEBS. 

Alternators. 

A  Hlgh-Frequency  Alternator.  Loui.:  Co- 
h«»n.  El  Wld — Feb.  15.  OS.  1  fig.  2400  w. 
2  0c.  Suggests  method  for  designing  an  altar- 

iiator  for  wireless  telegraph  work. 

The  Non-Synchronous  Generator  In  Central 
Station  and  Other  Work.    W.  L.  Waters 
Proc  A  I  E  K—Veh..  OH.  3  figs.     1400  w. 
80c.    Paper  read  beforo  the  American  Instl> 
tute  of  Electrical  Engineers.  Feb.  14,  08. 

A.-C.  Motor. 

A  New  Alternating-Current  Motor.  Elee 
Rev — Feb.  15.  08.  2  figs.  1200  w.  iOc 
Describes  a  new  alternating-current  motor, 
ao  designed  that  Its  speed  may  be  readily 
diaagad. 


Some  Developments  In  Synchronous  Con« 
verters.  Charles  W.  Stone.  Proc  A.  I  E  B— 
Feb.,  08.  6  ngs.  1600  w.  soc.  Paper  read 
before  the  American  Institute  of  Electrical 
Engineers,  New  York,  Feb.  14,  08. 

D.«C.  Generator  Design. 

Thf»  Pest  Utilisation  of  the  Armature  of 
a  Dlrerf-Current  Generator.     Th.  RoBskopf. 

Elek  u  Masch — Jan.  5,  08.  8  figs.  &»00  w. 
40c 

D.-0.  Motoia. 

Direct-Current  Motors;  Their  .\rt!on  and 
Control.  F.  B.  Crocker  and  M.  Arendt.  El 
WM — Feb.  1.  OS.  1  fig.  1600  W.  20«. 
IV.— Shunt  Motor  Speed  Control. 

Varlablo-Speed  Commntatlng-Pola  Motors. 
A.  C.  ElUs.  Else  WM— ^Vh.  8,  08.  11  flga. 
8800  «.  20e.  DIsensses  tbo  legttfaaata  naa 
of  Interpoles  and  their  advantages. 

Motor  Generators. 

Motor  Geu«r.itt>rs;  Their  Use  and  Opera- 
tion. Norman  O.  ^loade.  pow(-r-  Feb.  11, 
08.  5  figs.  1900  w.  20c  Gives  explana- 
tions Of  their  various  applications  and  ihowa 
how  connections  are  made. 

StiUidnrd  rerformnuces  of  Electrical  Machinery. 

Standard  Performances  of  Electrical  Ma- 
chinery. Dr.  R.  Ooldgchsnldt.  El  Eng— Jan. 
31,  08.  10  figs.  ]fi(i(i  w  40r.  Paper  read 
before  the  Insiit  itii.n  of  ElfTtriml  Eneineers. 
Gives  data  for  use  in  tJie  practical  compari- 
son of  different  classes  of  machinery  and 
snpply  systems.  • 
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HIBBINS' 


ouawinq  inks 
kternal  writino  ink 

KNOROSSINa  INK 
TAURINE  MUCILAaK 
PHOTO  MOUNTER  PASTE 
DRAWINa  BOARD  PASTE 
LIQUID  PASTE 
OFFICE  PASTE 
VCaCTASLE  OLUK,  ETC. 


Are  the  Finest  ui  Best  Goods  of  Their  Kind 


Emandiittte  yoonelf  from  the  ase 

of  corrosive  and  ill-smelliDg  inks  and 
adhesives  and  adopt  the  Hij;{;ins 
Inks  and  Adhesives.  They  will 
be  a  revelalion  to  you,  they  are  so 
sweet,  clean  and  well  put  up.  For 
home,  ofiice  or  Khool  tMf  SIS 
unezcelled. 


AT  DEALERS  OENEBALI-Y 


CHAS.  M.  HIGGINS  &  CO.,  IVIanufacturers 

271  IMk  Stmt.  BUOKLIII.  ».  I. 


MIDGET  SLIDE  RULE 

8  ia.  looc,  wMi  MacnifriBK  Glaa*  Indiotor 


Dhmirhv  MaterhU  and  SnnreyiiiK  Imh—aiib 

Writ*  for  CircuUr  No.  8 

KOLESCH  &  CO.,  138  Fahoo  Street 
New  York 


CaTABumnm  18RS 

R.  SEELIG  &  SON 

MAMfmcrrKEKx  or  tub  most 

IMPROVKn 

Engineering 
^  Surveying 
Instruments 


170  £.  Madison  Stieet 
Chicago 


BUFF 


ENGINELERING 
INSTRUMENTS 


Buff  &  BnH 

Company 


Ptola  Si«Um 


The  "  Buff" 
is  used  almost  exclusively  oo  the  lariest 
works  io  this  eoontry 


L  G.  RUEHLE  &  CO. 

!!•  Fshso  at,  MEW  YORK 


ARCHITECTS'  Mi  EMiMEERS'  SUPPLIES 

DRAWING 

THl  ORKATMT  TIMK  SAVIR  IN  RXWTKNOR 


iiv  rsKsa  at,  nEWTORK  «[      architects-  ami  EUBnEERs- supplies 

Mamrfadarers  and  Importefs    tSUiSSr   *     DRAWING  MATERIALS 


'^HE  ENGINEERING  DIGEST  should  always  be  on  the  library  table  of  every 

I     saffaMsr.    It  U  a  constant  cnircnt  rvferonce  to  all  articles  of  importance  in  tbo 
A    iBg  Mid  tsclnleal  journals  and  proeeodinys  of  Eagineerinf  SodotiM  of  the  world. 


FstiSBlas  ■NOIMHraiNO  DIOBOT  AdTsrttam  WIwb  Ton  Osa. 
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The  Design  of  Suiall  Transformers  for 
Metallic  Filament  Lamps.  F.  B.  O'Uanlon. 
XI  SAT — Jan.  31,  08.  S  llgi.  2900  w.  40e. 


Artlatlo  Ulttmliiatloii— Hurny's  Beatftur^ 
ant,  New  Tork  City.    H.  Thunton  Owvna. 

EI  WUI — Jan.  1,  08.  14  flgs.  1700  w.  20c. 
Describes  what  Is  said  to  be  the  most  elab- 
orately lUttmiiMted  reatanrant  In  the  world. 

ntatribatlon  of  niamlnotlon. 

New  Method  for  Improving  the  Distribu- 
tion of  Artificial  111  itKiuutlon.  W.  VoeRel. 
Elelc  Zelt — Jan.  16,  OS.  12  flgs.  3000  w. 
40o. 

Effect  of  Light  on  the  Ejre. 

Sflect  of  Lli^ht  Upon  the  Eye.  Dr.  H.  H. 
Sealirook.  Prog  Age — Feb.  1,  08.  1  fig. 
4000  w.  20c.  Road  before  the  New  York 
aeetlon  of  tbe  DlamlnaUns  Bnglneertiig  So- 
ciety, Jan.  9,  08. 

Meimry  Vapor  Lamp. 

KucliB*  Quartz  Lamp.  O.  Bussmann.  Jl 
fur  Ganbeleuchtung — Jan.  4,  08.  2700  w. 
60c.  Describes  a  new  hlgh-efflclency  mer- 
cury vapor  lamp,  which  consleta  of  a  qnaiti 
tube  enclosed  in  a  glass  globe. 

fhotoaieter. 

A  New  Universal  Photometer.  Preston  S. 
Millar.  El  Wld— Jan.  26»  08.  6  figs.  2700 
w.  20c.  Describes  t  pliotoineter.  by  meaas 
of  whldi  all  feature!  nwreiBiiji  to  Uie  eon* 
plete  attidy  of  a  llghttns  Inatallatlxm  can  ba 
Imrestlgated. 

Store  Lighting. 

Store  Lighting.  B.  L.  Elliott  III  Eng — 
Jan.,  08.  4  flgs,  3500  w.  20c.  Describes 
the  genera]  conditions  to  be  considered  in 
laying  out  lighting  InatatlatiQiBa  tor  atorea. 

PLANTS  AND  OENTBAL  8TATIONGL 

Anxilinric^. 

Steam  or  Electrlcally-Driveu  Auxiliaries? 
KI  liev—  Feb.  S.  OS.  3  Aks.  2800  W.  SOO. 
Discusses  this  mooted  question. 

Central  Station  Pmctke. 

Central  Station  Practltp  at  New  Orleans, 
La.  El  Wld— Feb.  15,  08.  4  figs.  4000  W. 
20e. 

Picmer  Hon«ic  Deslffn. 

Notes  t>n  the  I'laiinlni?  and  Design  of 
BuildingR  for  I'dwrr  Works  lor  the  G<'n'  rn- 
tlon  of  Electrlcty.  Horace  Boon.  Jl  Soc 
Ardia  (Lend) — ^Feb..  08.  7  flga.  6000  w. 
60e. 

TELEPHONY. 

Atttematic  TeleplHMiy. 

Automatif  Trlephony — HI.  Franklin  J. 
Truby.  W  Elecn — Jan.  26,  08.  6  tigs.  2300 
V.  20e. 


Line  Coii.Htriiction. 

Outside  Telephone  Construction.  C.  E. 
Fleager.  W.  Elecn — Feb.  15,  08.  1  fig. 
SBOO  w.  20c.  A  lecture  delivered  at  the 
College  of  Engineering,  Univerei^  of  Waah- 
Ington.  Seattle^  Dec  18»  07. 

TESTS  AND  MBABURBIIBNIB. 

Indnctlon  Motors,  Tt^t  for. 

The  Uopltinson  Test  as  Applied  to  Large 
Induction  Motors.  N.  Pensabene-Perez.  Eleo 
Rer  (Lond) — ^Jaa.  24,  08.  2  flgs.  1800  w. 
40e. 

Liquid  ResistanceB. 

The  design  of  Liquid  Reslstancea.  Bl 
Engr— Jan.  31,  08.  2  figs.  1200  W.  40e. 
Gives  methods  for  designing  water  reslatp 
anees  for  use  In  testing  large  generators. 

Measnrlng  Instmments,  Faalts  in< 

Electrical  Measuring  Instraments  and 
Some  of  Their  Weakneosea.  X.  Edgcumbe. 
Blec  Bngi^an.  16,  08.  3400  w.  40c. 
Paper  read  before  the  Aasociation  of  Engi- 
neers-In-Charge, 

Self  Induction. 

Measurement  of  the  Coefficient  of  Self- 
Induetlon  of  a  Circuit  Under  Normal  Load 
C.  C.  Chapin.  Elec  Wld — Feb.  8,  08.  4 
flgs.  2300  w.  20c.  Describes  method  con- 
sisting esHtMitlally  of  separating  the  counter 
e.m.f.  of  inductance  from  that  ot  reaistaaos^ 
and  measuring  it  alone. 

Watt-Hour  Meters. 

The  Dealgn  of  Prepayment  Watt-Hour 
Meters.  Arthur  PesteL  EI  Wld — Jan.  18. 
08.    4  flgs.    2300  w.  20«. 

TRANs>nssio\,  DiaraiiBincHm.  oqniboii. 

CJoncretc  Poles. 

Recent  Kxperlments  in  Concrete  Pole  Con-i 
structlon.  with  Figures  of  Cost  BDg»>Coiitr 
—Jan.  22,  08.  8  flgs.   1600  w.  20e. 

Sadnctlvie  Volt^tgc  Drop,  S-phase  Transmission. 
Inductive  Voltage  Drop  on  Three-Phase 
Transmission,  with  the  Conductors  Lying  in 
the  Same  IMane.  Alfred  Still.  El  Engr— 
.1.^11  I  08.  o  flgs.  2200  w.  40c.  Glves  m 
graphic  method  for  use  in  oalcolatloaa. 

tnanlsanre  for  High  Voltage. 

High  tension  Insulators  from  an  Bngl> 
neering  and  Commercial  Standpoint.  C.  E. 
Delafleld.  Can  El  News — Jan..  08,  3500 
w.  20c.  Paper  read  at  the  annual  con- 
vention of  the  Canadian  Electrical  Jkssocte' 
tlon. 

mgh-Voltage  Insulator  Masnfaetore. 
Walter  T.  Gh>ddard.  BI  Rer — ^Feb.  8.  08. 
18  flga.  4800  w.  20e.  Paper  read  before 
the  Electrical  Section  of  the  Canadian  8o» 
dety  of  Civil  Engineers,  Dec  1»,  07. 

Ddstanee  D.  O.  T—nsmisstoi. 

Long-Dt8tanc«>  Electric  Power  Transmis- 
sion by  Direct  Current  L.  A.  Herdt.  Elec 
Rev — Feb.  16,  Os.  isoo  w.  20c.  A  paper 
read  before  the  Canadian  Society  of  Civil 
Bnglneera,  Nor.  7. 


IIAROI,  1908. 
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1,000    copies     sold    In     10  days 


"FIELD  SYSTEM" 

By 

FRANK  B.  GILBRETH 

THIS  book  was  written  by  one  of  the  largest  general  contractors  in  the  world, 
and  contains  nearly  200  pages  of  niles  and  inst motions  for  the  gruidance 
of  his  foremen  and  superintendents.  It  is  the  outgrowth  of  over  20  years  of  experience 
in  the  contracting  business  and  embodies  scores  of  suggestions  for  economizinc^ 
and  for  increasintr  the  ontptit  of  the  men  on  the  job.  Mr.  Gilbreth  is  the  contractor 
who  made  tlic  "  Cost-plus-a-tixed-sum-contract "  famous;  in  doing  so,  he  has 
likewise  made  famous  Gilbreth's  "Field  System,"  only  a  few  excerpts  from  which 
have  heretofore  appeared  in  print. 

In  maklUR  public  hU  "  rieJd  Sysiem."  Mr.  GUbreUi  fa  porformtnK  «  serrtoe  to  tbe  public  tb&t  !•  compar- 
able wiU>  the  ooUon  of  «  pbystclM  to  dlDoloMlng  the  aecret  ot  hU  buccbsb  In  caring  a  dliw»a*e.  The  dUeMe 
that  OUbrotb'a  "Flold  8ri)(«m"  alms  to  cure  la  the  hit  or  mias  method  of  doing  ooatraol  vork.  Bjstem 
•npplaMi  alvmiltMM,  ami  innkna  sloth  an  ab«olut«  lin|>'>!'Ptr'<itty. 

200  pate*.  Ulnatratiena :    bouadj  ta  [llexible  Jeatbar. 

■  ill  mdama ;  prjc*  $3.00  Mti  postpaid. 

Circular  toUlns  lUI  about  "  Field  Syitan."  or  MUDpto  JMfM.  einalan  oii eatatom Mwriiic 
anr  fl*""  "f  >">«1(*  for  enciBMn,  areklteeta.  contractorm  tv  nuwax  men.  will  M  BallM 

frw  u^oii   nv«.'i[>t  of  a  postal  card  statliic  inwn  jroa  wtm  Uaa  aarartiMmeDl. 

The  Myron   C.   Clark    Publishing   Company,  353  Dearborn  Stre«t,  Chicago 


HERE  IS  AN  OPPORTUNITY 

to  obtam  the  INDUSTRIAL  MAGAZINE  for  one  year,  which  wiU  contain 
some  apedaSLy  written  artides  1^  prominent  engineers  of  wide  experience. 

Sone  of  the  principal  authors  and  their  subjects  «re: 

Lindaa  W.  Batea  (aeTaral  articlaa)!  Patwnw  CmuJ 

J.  W.  King  :  Indiutrinl  Railways  and  Their  Uaes  for  Mannfactturiiig  Plants 

R.  H.  Bcaumoatt  Power  Station  Conl  and  AiK  Conveying  ProhiMM 

H.  J.  Cole :  Rainforced  Concrete  and  Pneumatic  Foundationa 
«.  W.  HMlMliiffft  TwwMwiMlwi  <f  pie— r  by  Kay 

The  d)Ove  artides  consist  of  about  97,5db  words  and  3$  new  photographs. 
THE  INDUSTRIAL  MAGAZINE  is  weU  edited  and  printed  os  fine 
stock,  and  is  worth  four  times  its  subscription  price. 

Send  us  your  order  with  Two  Dollars  ($2.00)  for  a  year's  subscriptiail. 
A  Three  Months'  Trial  Subscription,  50c. 

TE£  I/IMJSnUAL  MAOZINE 
1825  Park  Row  BuiUinc^  New  York 
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Ovcriwad  Tnuumlsslott  Ltnes. 

Labor  Cost  of  Building  a  2  0-Mfle  High 
Power  TranBmiaeioQ  Liae.  Engg-Contr — 
Feb.  5.  08.    1  flg.    2400  w.  20c. 

Overhead  Construction  for  High-Tonslon 
Bl«etrlc  Traction  or  Transmission.  R.  D. 
OofMUbs.  D«c,  07.   Proo  Am  Soc  C  E,  Dec, 

07.  9  flga.  11,06<I  w.  80c.  Gives  for- 
mulaa.  tables  and  coDstaata  for  tb«  deatgu 
of  conductora^  aaggwtad  •paclfleatlona.  Pa- 
per read  Fab.  6,  08,  bafore  the  Am.  Soc. 
C.  E. 

Stresses  in  Overhead  Electrical  Transmis- 
sion Lines.  A.  Kann  Zult  Oest  Ing  U  Arch 
— Jan.  24,  OS.  1  flirs.  3000  w.  6nc.  De- 
Bcribes  graphical  method  of  calculating  the 
atmaes  due  to  weight.  Ice  loadtss,  t«mpeFa> 
tare  chan^ps.  etc. 

nntection  of  Circuits. 

Clrcuit-Interniptlng  Devices.  F.  Har- 
rla.  Blec  Jl — Feb..  08.  6  figs.  2700  w. 
SOc.   IV. — Circuit  Breakera. 

Protective  Relays.  M.  C.  Blplnakl.  BIOC 
Jl — Feb.,  08.  6  figs.  1800  w.  20e.  II. — 
Direct-current  reverse  oarrent  relay*;  In- 
stantaneous action. 

The  protection  of  l-:icrtric  Circnit.s  and 
Apparatus  from  Lightning  and  Similar  Dis- 
turbances.    R.  P.  Jackson.     Elec  Jl — Feb., 

08.  •  4  figs.  200  w.  20c.  Describes  eeoeral 
conrid«ratlona  of  etatlc  dlaturbance*.  their 

f  ansff.  rsrtd  effecti, 
Snitchbuards. 

Blectricallv  Operated  Swltchboarda.  S.  Q. 
Hayes.  £1  Wld-^an.  1.  08.  8  flga.  4800 
w.  20c.  Deals  with  panels,  desks  and  pad- 
aatals. 

MISCELLANEOUS. 

Cost  of  Power. 

Cost  of  Electrical  Power  for  Industrial 
Purposes.  John  F.  C.  Snell.  Engg — Jan. 
17,  OS.  15,000  w.  40c.  Paper  read  be- 
fore the  loatltution  of  Electrical  Engineers. 
Jan.  9,  08.    Dlacusses  cost  of  power  In  tnda- 

Seadent  planta,  giving  data  for  a  large  nnm- 
ar  of  Industries;  alao  the  eoat  of  central 
power  plants  and  the  ecoaomlca  of  municipal 
electric  power  supply  plants. 


ElectrkallT-DrlTen  Osmeat  Mm. 

The  Electric  Drive  in  a  New  Cement  Mill. 
A  Hickcl.  Eng  Rec — Feb.  15,  08.  1  tig. 
1500  w.  20c.  DcBcribes  the  coustnictioQ, 
equipment  and  operation  of  the  new  plant 
of  the  Kansas  City  Portland  Oemant  Oo. 

Electrical  Progress  in  1907. 

Electrical   Engineering  Progress  in  the 
United  States  During  1907.    Henry  H.  Nor- 
*  ris.  Sibley  Jl  fingg— Jan.,  08.  4  Jigs.  700 
V.  40c. 

Electric  ManofactnrlBg  Plant. 

The  Folten  and  Oullleaume-Luhraeyer- 
werke  A.  G.,  Frankfort  EngK — Jan.  24,  08. 
G  fiKS.  3200  w.  40c.  Glvo.H  details  of  a 
large  electric  manufacturing  plant  in  Oer- 
many. 

Electric  Plant  .VccfmntinK. 

For  Suiall  Eloctric  LlRht  and  Power  Com- 
panies. J.  H.  Stewart,  ihisinr'ss  Man's  Mag 
— Feb.,  08.  1100  w,  20c.  Describee  a 
successful  accounting  ayetem  tor  aae  by 
^mall  plants;. 

Law  of  Lighting  Corporations. 

The  Law  of  Bletrtite  L^t  Oompaalee. 
John  B.  Brady,  Bl  TTld — ^Peb.  1,  08.  2800 
w.  SOc 

Magnetic  Alloy. 

Heusler's  Magnetic  Alloy.  A.  D.  Ross. 
Elec  Rev — Jan.  25,  08.  3  flgs.  1200  w. 
20c.  Kiom  a  paper  read  before  the  Royal 
Society  of  Edinburgh.  Describes  experi- 
ments on  a  magnetic  alloy  of  oopper,  maB> 
ganfse  and  aluminum. 

Xelepbotograidiy. 

Electrical  Transmission  of  Photographs. 
O.  Marescbal.  L'Blectrlclen — Jan.  10,  08. 

8  flgs.   2200  w.   40c.  Describes  a  new  pro- 

ces.s  of  phot ot;rapbIc  transmission  by  means 
of  Ike  teleslereograph  of  Edouard  Belln. 

Telephotography.  O.  Cerbeland.  G4nle 
Civil — Feb.  1»  08.  14  flgs.  4800  W.  00c. 
Descrlbea  the  Xom  and  Ber|oiuia««  ayrtwn 
of  transmitting  photographic  pletnrea  ovar 
wires. 


INDUSTRIAL  TECHNOLOGY 


Blick  Making. 

Irregular  Heating  in  Continuous  Kilns. 
Brit  Claywkr— Jan..  08.  1800  w.  40e. 

Oiddum  Carbide. 

Test  of  a  Low-Voltage  Alternator  tor  Cal> 

clum  Carbide  Furnaces.  Elec  Rev  (Lend)— > 
Jan.  17,  08.  2  flgs.  1400  w.  40c  Givea 
r<  ultH  of  testa  on  a  60-volt  8>800-Amp.  gen- 

eruior. 

Explosives. 

High  Explosives.  Aug.  Klock.  Sc  Am — 
Jan.  26,  08.  4400  w.  20c.  Gives  detatla  of 
the  compositions  of  modern  powders. 


Gas  Engineering. 

A  Bulletin  of  Instructions  on  the  Care  and 
Operation  of  Recuperative  Benches.  W.  A. 
Baohr.  .^m  Cas  Lt  Jl — Feb.  10,  08.  3  llga. 
18,000  w.   2<ic    Paper  read  before  the  JCm. 

Gas  Inst..  Oct.  IC,  07. 

Air  Blast  Appliances.  W.  K.  Eavenson, 
W.  H.  Allen  and  S.  T.  Wllsoi  Vn  Gas  Lt 
.Tl — Feb.  3,  OS.  a  fi^.  12,t>uo  w.  20c. 
I'aper  read  before  the  Am.  (laa  Inst.,  Wash- 
ington, Oct.  18,  07.  Describes  appliances 
with  which  lllumlnatlag  gaa  la  vssd  vadar 
air  pressure. 
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(^nadianMachinery 

MANUFACIURiNG  NEWS*^ 
Q  Circulates  in  every  province  of  the  Dominion. 

if  Read  by  Proprietors,  Managers,  Superintendents,  Foremen 
and  Engineers  of  Manufacturing  and  otiier  Industrial  Estab- 

lishments, 

—men  who  must  be  consulted  when  machinery,  power  equipment 
and  supplies,  and  foundxy  eqaipment  are  to  be  boiicrht. 

i|Is  the  most  influential  and  widely  read  industrial  paper  of 
Canada. 

^To  have  your  campaign  cover  this  important  marketi  include 
CANADIAN  MACHINERY 

Post  card  will  bring  sample  copy  and  nites. 

THE  MacLEAN  PUBLISHING  COMPANY,  Limited 
iio«i»»«i  Toronto  wib«Ip«« 


YOUR  OPPORTUNITY 

may  be  among  the  tliousands  of  high  grade  positiijns  now  open  at  our  12  offices. 
Dou  t  luiss  your  opportunity.  Thousands  of  men  who  have  secured  positions 
through  Hapgoods  know  that  it  pays  to  insure  against  /ass  of  opportunity.  Why 
don't  j'Mf  get  in  line  for  advancement 

IF  YOU  KNEW 

tliat  a  letter  of  inquiry  would  bring  you  information  worth  hundreds  of  dollars, 
would  you  hesitate  to  ask  for  particulars  ?  Our  tiooklet  tells  how  we  find  right  places 

for  right  men.  It  will  tell  you  how  tn  secure  a  position  payinfj  a  larq;er  salary  than 
your  present  one.  Among  the  positions  tor  which  we  need  men  are  tlie  following  : 
Advertising  Manager,  $2,500  ;  Sales  Manager,  $4,000 ;  General  Manager,  $5,000 : 
Ad.  Writer,  $1,300;  Auditor,  S3. 500 :  Enf^iiK-t-r.  $2,000.  Sample  copy  of 
OPPORTUNITIES,  our  monthly  publication,  mailed  free,  if  you  write  to-day 
stating  age  and  experience. 

HAPGOODS 

The  National  Organization  of  Brain  Brokers 
aaSlBROADWAY  NEW  YORK 
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A  Simple  Method  of  Cleaning  Qm  Qonr 
dultB.     W.  D.  Mount.    Proc.  A.  S.  M, 
Feb.,  08.    2  iiiTE^    1600  w.    80c.    Paper  to 
be  read  before  the  A.  8.  M.  B.,  June,  08. 

Gas  Lighting  in  Factory.  T.  J.  Litle.  Jr. 
Am  Om  lit  JIWah.  S7,  08.  »  flek  S800 
w.  SOe.  ShonB  tli«  pfwlblUtles  of  tho  la- 
cand«aeent  gas  sTstem  and  glVM  oompanUTo 
oosta  of  gas  and  electric  Ulttmiitttlon. 

QUm  Maldiit. 

QoMtton*  Arlatiis  in  the  MtfdftS  of  GlHi. 
R.  L.  Frink.  Proc  Bngg.  Soe.  of  W.  Pa. — 
Jan.,  08.  2  figs.  4000  w.  80c.  Paper  read 
Dec.  17.  07.  Presents  the  results  of  extended 
Investigations  for  determining  why  window 
glass  Is  brittle  and  hard,  and  why  some- 
times it  Is  more  lO  thttn  othen,  compoflltlcm 

being  tho  same. 

Hydrogen  tVoai  \\  atar-OM. 

Methods  of  Obtaining  Pure  Hydrogen  from 
Water-gas.  Dr.  A.  Ctuurlottenburg.  Jl  tOr 
Qasbeleuchtnnc-^aa.  S8,  08.  1  tg.  8800 
w.  OOc. 


Uate  Kilns. 

Modern  Lime  Kilns;  The  Plant  of  the 
Knickerbocker  Lime  Co.,  Mill  Lane.  Pa.  Rex 
C.  WUboh.  Eng  News — Jan.  30.  08.  6  figs. 
1100  w.  20c.  Describes  an  Muqpli  ot  ft 
modem  Ume-produclng  plant. 

Marble  Working  Machinery. 

New  Machinery  for  the  Application  of 
Abrasiyeo  to  Marblo  Worklns.  J.  Rogrdon 
Polroe.  Bns  N««n — ^Fieb.  6,  08.  8  flgn. 
1600  w.  SOe.  Dfloerlbes  a  taming  bend 
ooplng  macAtaio  for  entting  slabs,  a  two* 
wheeled  moldor  tad  ft  dram  rubber  for  droaa- 
Ing  slabs. 

Xfl>oB6ii«  RbnttoB  of* 

The  Electrical  Fixation  of  Atmospherio 
Nitrogen.    L'Blectriden — Jan.  12,  08.  2100 

w.  4 dr.  .Abstract  of  a  paper  read  by  M.  J. 
Blondin  beforo  tho  Socl6t6  Francalse  de 
Physique. 

The  Manufacture  of  Caldum  Cyanamldo. 
John  B.  c.  Keribftw.  Btoen — Jnn.  84,  08. 
4000  w.  40o. 


MARINE  ENGINEERING 


Boilers,  Etc 

Boilers  of  the  Hamburg-American  Steamer 
Kronprlnaeasln  Cedlie.  BoUor  Mkr — ^Feb. 
08.  1        1000  w.  SOe. 

Lloyd's  Register  Boiler  Rules.  Boiler 
Mkr — Feb.,  08.  4000  w.  20c.  Otvos  ex- 
tracts from  1907  rules  for  determining  tho 
working  pressures  to  be  allowed  in  new 
bollon. 

Mechanical  Draft  in  Marine  Practice.  Tnt 
Mar  Engg — Feb.,  08.    5  figs.    S3U0  w.  40c. 

Some  Remarks  on  the  Design,  Construc- 
tion ftnd  Workios  of  tho  tfftrlno  BoUor. 
Rlebftrd  Rlrat  Mar  Bngr  A  NftTil  Anflk^ 
Feb.  1.  08.  4000  w.  40c  R«Bd  before  the 
Mersey  Foremen  Boilermakera'  and  Iron 
Shipbuilders'  .\sHociation.  Liverpool. 

Water-Tube  Boilers  for  Battleships.  C. 
Strebel.  Z  V  D  I— Jan.  18,  08.  17  figs. 
6000  w.  Jan.  88,  88  flg*.  6000  w.  Bach 
60a  OIto  detalto  of  marifte  boilem  iritii 
■null  tubee  (Tftrrow,  Thorajrereft,  ote.). 

IHaplacement  and  Resistance. 

Some  Experiments  on  the  EfTt^ct  of  Longi- 
tudinal Distribution  of  Displacement  Upon 
Resiatanoe.  lot  Mar  Bns — Feb.,  08.  8  figa. 
8000  w.  40e.  Prof.  IS»rbort  C  Sadlor.  Rood 
before  the  Society  of  NftVftl  Archtteota  and 
Marine  Engineers.  New  Tork,  Not.  8,  07. 

GutiiuMtefl. 

Marine  Engineering  Estimates.  C.  R. 
Bruce.  Mech  WldWan.  17.  08.  4100  w. 
Jan.  84.  8100  w.  Badi  40c.  Paper  read 
before  the  Glaagow  Technical  College  Seten* 
tifle  Society. 


Cirowth  of  Sp*'<Hl  Since  1800. 

The  Fastest  Ships  in  the  World.  Int  Mar 
Engg — Feb.,  08.  2  figs.  2100  w.  40c. 
Gives  data  showing  the  growth  of  weed 

since  IS 00. 

Heating  and  Ventilating  Ships. 

The  Heating  and  Ventilating  of  Ships. 
Sydney  F.  Walker.  Int  Mar  Ungg — W^b.,  08. 
6  figs.   4200.   40e.  I.— Tbo  ayatem  of  hei]^ 

Ing  by  hot  water 

Life  Boats,  Applmut*^  (or  .Manipulating. 

Appliances  for  Manipulating  Life  Boata 
on  Soartping  Veaaela.  Axel  WeUn.  Int  Mar 
Hng8'--Feb.,  08.  8  flgn.  8800  w,  40e. 
Read  before  the  Society  of  Nftval  Andiit^ett 
and  Marine  Bnglneers. 


Tlio  Tranqmrtfttlon  of  Retrigorftted  Moftt 
to  Panama.  Roland  Attwork.  Int  Mar  TSnwt 

— Feb..  08.  11  flgs.  3900  w.  40c.  Read 
before  the  Society  of  Naval  Architects  and 
Marine  Engineers,  New  Tork.  NoT.  88.  07. 

SUpbiiUdins  in  1007. 

The  World's  Shipbuilding.  Engg — Jan. 
24.  n.    2200  w.    40c.  Olves  atfttlatleB  of 

products  for  IbOl. 

Steam  IBnglnfia  and  Turbtuea. 

Marine  Steam  Turbine  Installations.  Mech 
Wld — Jan.  17.  08.  3  flgs.  IBOO  w.  40c. 
(Concluded. ) 

Proportion  of  Parts  of  Triplo  Expansion 
Engines.  John  Green.  Knpr  Feb,  1,  08. 
1700  w.  20c.  Gives  proportions  of  parts 
of  engtaws.  propellers,  boilers  and  accessories 
for  TeMela  op  to  800  ft.  long;  taken  from 
recent  pmettco. 
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Godfrey's  Tables 

SECOND  EDITION 
Thit  it  the  most  useful  book  a  ttruclural  designer 
could  have. 

Price,  $2.50 
To  clubs  of  five,  $2.00 

Bjr  the  same  author 

CONCRETE 

Will  be  issued  in  a  few  week*.  Over  300  pages. 
A  book  for  designers  and  users  of  concrete. 

Price,  $2.50  net 

Orders  accompanied  by  remittance  of  $2.00.  sent 
before  March  10.  will  be  filled  as  soon  as  the 
book  iHues  from  the  press.  After  March  10  the 
net  price  will  prevail. 

Published  by  the  author 

EDWARD  GODFREY 

Monongahela  Bank  Building 

Pittsbarg,  Pa. 


Factory  Time 

TIME  CHECK \  Chccks 

I  They  are  being  used  more 
I*/  and  more.    Write  for  our 
pamphlet,  "Time  Checks 
and  Their  Use." 

American  Railway  Supply  Co. 

Addreu  DepL  S,  24  Park  Place,  N.  Y. 


Rife  Hydraulic 
Ram 


Pumps  Water  by 
Water  Power 

Town  Water  Works 

lailroid  Talks  Coustry  Homes  Irrigattin  Greenhosses 
Nt  AlteRtion   No  Eipeise    Runs  Continuously 

Opcraliog  under  16  iaches  lo  SO  feet  fall.  EJerties  wiler  30 
feet  eacii  fool  of  fatl.  6.000  in  toccaiful  opcratioo.  Soid  OQ  30 
(Uyt*  IriiJ.    Caulog  and  alimate  free. 

RIFE  HYDRAULIC  RAM  COMPANY 
2160  Trinity  BaiUias  NEW  YORK 


Testing  Laboratories 

The  Industrial  Laboratories 

No.  IM  Front  8tr««t. 
New  York  City. 
ConaulUng  and  Analytical  Chomlata. 
Detlsn  and  SupcrvlM  Construction  of  Ctaomlcal  Flaato. 
Purnlsb  Advice  WberoTer  Chemicals  ar«  Made  or  Uaed. 

J.  R.  TRRPt-E,  Ph.D.,  Director 


Richard  K.  Moade 
Director 


Meade 


Clarence  E.  Kline 
Manager 


Testing  Laboratories 

Experts  on  Portland  Cement 
and  Concrete 

Cement  Inspection  and  Tests 

Mill  Insp>ection,  Standard  Tests, 
Exf>ert  Opinions,  Chemical  Analy- 
ses, Scientific  Investigations. 

NAZARETH,  PENNSYLVANIA 


Midiigan  Technical  Laboratory 

Tcsttns,  CoDsultinK  and  Analytical  ChMnlsts. 
Analyses  and  Reports  made  in  all  Branches  of  Indna* 
trial  ChemlBtry.    Expert  Aaaistanca  In  all  Branches  e( 

Chemical  Englneerins. 

OS-60  Lafayette  Boulevard,  DETROIT,  MICH. 

Architectural  Books 

Architectural  Books 

Send  for  STUDENT'S  ft  DRAFTSMAN'S  Ubrary  Club 
Catalogue.    (Small  monthly  payments.) 

Also  General  Catalogue  of  Architectural,  Bcllding  and 
Technical  Books. 

Sample  copy  of  ArchiUcU'  a  Bnlldera'  lCa(aslB*  Mat 
on  reauest. 

WM.  T.  COMSTOCK,  Publisher, 

23  Warren  St..  NKW  YORK. 


HAIR  GROWS! 

When  our  VaoUUm  Cap  Is  used  a  tew 
mlnutM  dally.  Sent  on  00  daya  FREE 
trial  at  our  expfinse.  No  drugn  or  olec- 
triolty.  Htorw  falling  hair,  cures  dandruff. 
A  poAtal  brings  illuatrated  lx>oklet. 

MODERN  VAOUUM  CAP  CO. 

SIM)  Barrlay  ninck  De'iiTer,  Colo. 


Liberal  Commissions  are  paid 
to  Agents  who  will  get  New 
Subscriptions  (or 

The  Engmeering  Digest 

Address  Subscription  Depart- 
ment lor  particulars. 
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AIR  HAOHDIBBT. 

AllwHanuner  Drills. 

Sep  Mining  EnglBMrlng. 
Blowing  £ugiiies. 

8m  "Iroii  aad  Steel"  under  HetaUurgF. 

Pm  Blower  Efficiency. 

YariatioQ  in  Fan  filower  £fficienc]r.  Wal- 
ter B.  Snow.  Met  Wkr^an.  18,  08.  S 
flgB.   2500  w.  20c. 

Ctat  Flow  In  Pipes. 

The  Plow  of  Gases  In  Straight  Cylindrical 
Pipes.  Dr.  PrJscbe.  Z  V  D  I — Jan.  18,  08. 
f<  fiKs.  10,000  w.  COc.  Gives  results  of  an 
exieuded  series  of  experiments  to  determlDO 
tbo  influence  of  velocity,  tempemttare,  pnsa- 
MTP  arA  tube  diameter  on  tlie  flow. 

Pneuiiiutic  Tools. 

Pneumatic  Tools  for  Boiler  Shops. — IV. 
Charles  Dougherty.  Boiler  Mkr — Feb..  08, 
5  figs.  2800  w.  SOe.  Dtocnnee  tbeir  opera- 
tion and  care. 

Tarbo-Com  pressors. 

iligh-Pre&sure  Turbo-Compressori.  Al- 
fred GradenwiU.  Maehy— Feb.»  08.  4  flga. 
1700  w.  40c.  Desertbea  oompreMora  of  tbe 
Rateaa  type. 

Brass  Mixtures. 

Uses  of  Cotliias  Metal  for  Casting.  Emil 
N.  Horne.  Foundry — Feb.,  08.  3  figs. 
1100  w.  2  0c.  Discusses  mixtures  with  this 
base  alloy  (2  Cu  -i-  ISoJ  as  a  constituent. 

Chari^ng  Macliine. 

Anneallut?  I'urnace  Charging  Machine. 
Foundry — Feb.,  08.  3  flgs.  1000  w.  20c 
Describes  a  pneumatic  machine  designed  to 
replace  liand  trucks  for  cbarglng  malleable 
annealing  oTene. 

Goko  Consumption  in  Cupolas. 

Coke  Consumption  In  Cupola  Practice.  Q. 
Buzek.    StaM  u  BIsenWan.  89,  08.  8900 

w.  60c. 

Cylinder  Moldlnx. 

Molding  a  Large  Cylinder  Casting.  C.  R. 
McGahey.  Foundry — ^Feb.,  08.  7  fijsn.  900 
w.  80c.  Describes  method  of  a  Bontbem 
Jobbing  foundry  and  the  large  aectloa  core 


Die  Castdags. 

The  Method  of  Producinfc  Die  Castings. 
B,  Luther  Lake.   Am  Mach — Feb.  13,  08.  6 

flgs.  2100  w.  20c.  Describes  the  process 
of  lastlDu'.  ih©  molds,  melting  pot.s,  and  cast- 
in.t:  nunfiino^,  etc.,  also  some  of  the  ra.stiuKs 
and  compositions  of  the  non-ferrous  metal 


Direct  Casting  from  Blast  Furnace. 

Castings  Direct  from  the  Blast  Furnace. 
V.  C.  Irresberger.    Stahl  tt  Blsen — Jan.  15. 

08.    4100  w.  COc. 


Direct  Castings  from  Blast  Furnace.  .T. 
J.  Porter.  Castings — Jan.,  08.    1  fig.  TV 
w.    20c.    Read  at  a  meeting  of  the  Asso- 
ciated Foottdry  Foremen  of  Ctndnnati,  O. 

Fonndry  Co.sts. 

Tlie  Efliciency  .Method  of  Determining 
Costs  to  Eliminate  Waste.s  from  Foundry 
Operations.  Harrington  Fmerson.  Ir  Tr 
Rev — Jan.  30,  08.  4  figs.  2  4  00  w,  20c 
From  an  address  delivered  before  the  Pitta- 
burg  Fbundirmen's  Aasoeiailon.  Jan.  8»  08. 


Limitations  of  the  Molding  Machine.  E. 
H.  Mumford.  PVtnndry — Feb.,  08.  3200  w. 
20c.  Discusses  the  origin  and  derelopBiant 
of  molding  machine  practice. 

Molding  with  Machinery.  Joseph  H.  Hart. 
Am  Mach — Jan.  1$,  08.  1400  w.  20c.  De- 
scribes the  prlndplea  Involved  and  the  me(h> 

ods  employed. 

MaUfwble  Castings. 

The  Production  of  Malleable  Castings — I. 
Richard  Moldonke.  Ir  Tr  Rev — Feb.  13.  03. 
2500  w.  20c.  The  first  of  a  series  of  ar- 
ticles covering  the  various  phases  of  tho 

malleable  process. 

Molding  witti  Hvteeps. 

Molding;  with  Sweeps.  H.  J.  MTaslln. 
Castings — Jan.,  OS.    6  figs.    1800  w.  20c 

l^iilley  .Moldlne, 

A  Method  Of  Molding  a  Web  Pulley.  W. 
W.  McCarter.  Foundry — Feb.,  08.  6  flgs. 
1700  w.  SOc. 


in  Cast  Iron. 

Vanadium  In  Cast  Iron.  Ir  Age — ^Feb.  18, 
08.    3500  w.   20e.   Gives  results  of  a  series 

of  tests  to  doternilne  to  what  extent  vana- 
dium can  be  Ubed  advantageously  in  the  iron 
foundry. 

HE.VTiNG  AXD  VENTUiATION. 

Fuel  l><momy. 

Fuel  Economy.  L.  J.  Wing.  Htg  &  Ybat 
Mai;-  ,Iau..  08.  xuuO  w.  20c.  Read  at  the 
Jan.  i  iiHjg)  meeting  of  the  American  So- 
ciety of  Heating  and  Ventilating  Bnglnesn. 

Heat  Transmission,  roofTlelents  for. 

Auatriau  Coollkieuts  Tor  the  Transmission 
of  Heat  Through  Building  .Materials.  W.  W. 
Macon.  Met  Wkr — Feb.  8,  08.  10  flgs.  1200 
vv.    20c.    Olvea  the  eoefltclents  in  BngUsh 

units. 

Hoc-Blast  Heating. 

Present  Practice  In  Fan-Blast  Heating. 

Htg  ft  Vent  Mag— Jan..  OS.  2  flgs.  4500  w. 
20c.  Gives  answers  by  niembers  to  a  list  of 
19  questions,  together  with  a  summary  oC 
the  data  collected  on  hot-blast  heating. 
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HOHse  BoUers,  RatJng  of. 

Rating  House  Heating  Boilers.  Bng  Rec 
•i^Peb.  15,  08.  S  figa.  1400  w.  20c.  Olves 
mat&ods  propoaad  by  Prof.  Wm.  Kent,  and 
Invaded  aa  a  part  of  tlie  topical  discussion 
on  teatlnK  and  rating  bonao-lieatlas  boUacs 
at  th«  reeaat  maattnff  of  tbo  Amarlcaa  So- 
ciety of  Heatlns  and  Ventilating  Bngliioera. 

School  ITcatlni;  and  Ventilating  Plant. 

Mechanical  Plant  of  the  Stuyvesaiit.  Hl^'h 
School,  New  York  City.— II.  Enp  Rec — Jan. 
25,08.  3  flgs.  3700  w.  20c.  Describes  the 
■team  baatlns  and  vantUatlQC  eattlpiMiit. 

TaetilatinK  System.s. 

Modern  Systems  for  thf>  Vontllatton  and 

Tempering  of  I3iiildings.    Pcrclval  R,  Moaea. 

Bng  Mag — Feb..  OS.  22  figs.  4000  w.  40c. 
'  A  general  view  of  the  accepted  prlndplea  and 

available  types  of  apparatus. 

HOISXrvr,  VVT>  HANDLING  MACmNERY. 

AaMnitatic  Car  Systems. 

Deatgn  and  Constmctlon  of  Antonatie  Car 
flyatama.  Chaa  J  tteffaDa.  Ba(  Nam— Vai>. 
IS,  OS.   •  flgi.  SOe.  Deseribea 

system  in  which  an  automatic  dumping  car 
is  used  in  conjunction  with  a  hoist  fitted  with 
either  a  ciam^eU  buOkat  or  an  ordinary 

hoisting  tub. 

Baeket  Oonveyor  ByateniB* 

Conveying  Machinery.  G.  t.  Hanffstengel. 
Z  V  D  i-  Jau.  2  5.  08.  17  flga.  5000  w. 
60c.  DeFcrlbee  several  German  lllkk«eon- 
nocted  bucket  conveyor  systems. 

Cableway. 

Lawsons's  Patent  Looped-Sectlon  Cable- 
way.  Stuart  Todd.  Uln  WId — Jan.  18,  08. 
4  flga.   800  w.  SOe. 

CkMil  and  Ash  Handling  Machinery. 

Coal  and  Aah  Handling  Macbliiery  for 
BoOar  HOniaa.  Warner  BoeAlln.  Ind  Mag 
—Jan.,  08.  4  flgs.  2300  w.  40o.  DIa- 
cusaes  In  a  general  way  the  llnltattooa  of 
usefulness  of  the  ooal  handling  daricaa  la 
common  use. 

BlevatoTC. 

Boiler  Power  for  Elevators.  Charles  L. 
Hubbard.  Power  -  Jan.  28,  08.  1500  w. 
20c.  Gives  tnethod.s  of  estimating  the  power 
required  for  hydraulic  and  electric  elevation. 

The  Hydraulic  Elevator.  William  Baxter, 
Jr.  Power — Jan.  21,  08.  8  flgs.  800  w. 
Jan.  28.  8  flprs.  1400  w.  Feb.  4.  8  figs. 
2100  w.  Feb.  11.  :i  flgs.  1300  w.  Each 
20r.    Chapters  XV.-XVIII,  describing  pulling 

and  pushing'  typea  of  macblnea,  their  eara 

and  justment. 

Wiiidiii^  Kngine. 

300  0-Hor.=^e-Power  Winding-Engine.  Engg 
— Jan.  17.  OS.  1200  w.  40c  Describes  a 
pair  of  winding-engines  whldi»  tnm  their 
aisa  and  design  of  drop-valTa  rerarBtng-faar, 
are  of  special  Interest 


HYDRAUUO  FOWBB  IfiAHTB. 

OenlrlfuKal  Pumps. 

Notes  on  Centrifugal  Pumps. — ^V.  Mech 
WId— Jan.  10,  08.   1  Sgn.   1400  W.  406 

hydroelectric  Plants. 

High-Tension  Energy  Transmission  In 
Peru.  El  Wld — Jan.  1,  08.  8  flgs.  2700 
w.  20c.  Describes  hydroelectric  plants  for 
supplying  current  to  Lima. 

New  Turbine  Station  of  the  Fall  River 
Electric  Light  Company.  Bl  Wld-^aa.  86, 
08.    9  flgs.    3200  w.  SOo. 

The  Brnslo  Hydroelectric  Plant  and  Power 

Transmission  In  Lcmbardy.  Schw  Ban — Jan. 
18,  08.  10  ilgB.  $1.00.  Gives  details  of  a 
new  development  in  Northern  Italy. 

Olifices,  Discharge  from  Small. 

Discharge  of  Water  from  Minute  Orifices. 
W.  R.  BaldwinAViseman.  Surv — Jan.  10, 
08.  2  flgs.  1700  w.  40c.  Discusses  the 
Influence  of  pipe  thickness.  Paper  read  be- 
fore the  Association  of  Water  Bngineera. 

Penalodc,  Relnforoed  OOncreCe. 

Reinforced  Concrete  Penstock.  Howard 
J.  Cole.  Ind  Mag — Jan.,  08.  5  flgs.  4500 
w.  40c.  Describes  the  construction  of  a  re- 
Inforced-concrete  penstock  at  the  Shawlnlgan 
Valla  Power  plant 

Speed  Regulation. 

Sp^ed  Regulation  of  High-Head  Water 
Wheels.  H.  S.  Knowltou.  Eng  &  Mln  Jl — 
Feb.  15,  08.  1800  w.  20c.  Gives  two 
methods  of  regulating,  together  with  a  for- 
mula tor  predetermining  the  n>eed  regula* 
tlon. 

Turbine  Design. 

Design  of  a  400-KUoiratt  Raaetloa  Tur- 
bine. Henry  F.  Schmidt  Bngr — Ttb.  1,  08. 

1800  w.  20c.  Gives  method  of  determining 
the  number  of  stages  and  blades  In  each  ex- 
pansion and  the  priudpal  dimanaloiia. 

iNTBBHAii^xnanwnoir  ttnaras. 

Cylinder  Teniperaturfs. 

On  the  Measurement  of  Temperatures  in 
the  Cylinder  of  a  Gas  Engine.  H.  L.  Callen- 
dar.  Engr — Dec  10.  08.  8  flgs.  6300  w. 
40c.    Paper  read  before  fha  Rogml  Sodaly, 

Nov.  7.  07. 

Diesel  Engines. 

Tests  of  a  300-HP.  Hlgh-Spaad  Dtaial  Bb< 
gine.  Ch.  Bberle.  Z  V  D  I— m.  1,  08.  7 
flgs.   4000  w.   60c.   OItob  resulta  of  testa 

on  an  engine  running  from  250  to  600  r.p.m. 
and  showing  a  mechanical  effldency  of  80%. 

Tepts  of  2  00-llP.  Diesel  Engines  with  Fly- 
wheel Dynamos.  O.  Weber.  Schw  Ban- 
Fab.  1.  08.  9  flga.  8000  w.  40e. 

Gas  BngineB. 

Largest  Gas  Engines  for  Electrical  Work. 
(Continued.)  Cecil  P.  Poole.  Power— Jan. 
31,  08.  4  flgs.  900  w.  Jan.  28.  2  flga. 
1300  w.  Bach  80c. 
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The  Constrvetion  and  Working  tit  Luge 
Om  BnginM.  P.  R.  Allen.  U«cli  Bngr — 
Jan.  26,  08.    14  figs.    2300  w.   Feb.  1,  10 

flgB.  2800  w.  Bach  40c.  Paper  read  be- 
fore the  Manchester  Association  of  Engi- 
neers, Jan.  11.  08. 

The  Gas  EnRinc. — II.  Cecil  P.  Poole. 
Power-  Jan.  L' I ,  OS.  I'O  fign.  10,000  W. 
III. — Jau,  2S.    4  fl0S.   4500  w.   Sach  20c 

Gas  Prodncers. 

Gas  Prothu  ors.     Rev  de  Mec — Dcr.,  07. 

40  figs.  8000  w.  11.80.  Illustrated  de- 
scription of  a  large  number  of  gaa  prodveera 
at  Tarioua  types. 

Gaa  and  Oil  Bnctne  Diagrams  and  Fuel 
Data.  Peter  Eyermann.  Power-  Jan.  2g, 
08.  9  figs.  600  w.  Feb.  4.  3  figs.  500  w. 
Each  20c.  II.  —Gives  diagrams  showing 
how  various  fuels  act  lu  Internal-combiistion 
engines,  with  tables  giving  information  on 
tlieae  fuels.  III. — Gives  diagrams  for  Diesel 
«ngiam. 

Oil  Fnei. 

Technical  Aspects  of  Oil  as  Fuel — V.  and 
VI.  F.  E.  Jtmge.  Power — Feb.  4,  08.  7 
figs.  1300  w.  Feb.  11.  4  flgs.  900  w. 
Bach  20c.  Describes  the  construction  and 
efficiency  of  the  Daimler,  Diesel  and  HaMi- 
wander  oil  engines  using  benkol  and  other 
low-priced  coal-tar  oils, 

Begolatlon. 

Gas  Engine  Regulation  for  Direct-Con- 
nected Units.  Charles  B.  Lucke.  Proc.  A.  I. 
B.  B.— Feb.,  08.  3  flgs.  15,000  w.  SOe.  A 
paper  read  before  the  Boaton  Brandi  of 
American  Inatitnte  of  Electrical  Bnglneers, 
Jan.  9,  OS. 

Thermal  Effldencjr  and  Compression. 

Third  Report  to  the  Gfas>Engine  BeMardt 

Cotnntittee.  Frederic  W.  Buratall.  Bngg — 
Jan.  24,  08.    28  figs.    8000  w.    40c.  Otvea 

renults  of  tests  to  ascertain  the  relation  be- 
tween tbermal  etTicieucy  and  compression. 

MACIUNK  IMUTS. 

Ban  Bearings. 

Mannfactnre  and  Testa  of  Double  Ball 
Bearings.    Am  Madi — Jan.  23,  OS.  10  flgs. 

2500  w.  20c. 

The  Use  of  Ball  Bearings  on  Electric  Mo- 
tors.  Kioc  Rev  (Lend)  Jan.  10,  08.  13  flga 

4200  w.  40c. 

BandBndces. 

Notea  on  Band  Brakes.  Mech  Wid — Jan. 
10,  08.  8  figa.  1900  w.  40c.  Paper  by  O. 
L.  Leston.  read  at  a  meeting  of  the  National 
Association  of  Colliery  Managers,  givea  for* 
mulae  and  conitants  for  nee  in  designing. 

Cams. 

Friction  of  Cams.  Am  Mach  I" 'It.  tT.  '»S. 
4  flgs.  1500  w.  20c.  Develops  on  equation 
showing  the  relations  betw.^en  the  angle 
which  the  working  face  of  the  cam  makes 
wlUi  the  direction  in  which  the  cam  rod 
works,  the  coeffldeat  of  friction  and  the 
weight  which  to  to  be  lifted  by  the  applica- 
tton  of  a  given  turning  moment  to  the  cam. 


Laying  Out  Came  for  Rapid  Mottona.  3;'. 
H.  Sibley.  Machy — Feb.,  08.  8  flgs.  IROO 
w.  40e. 

Gear  Teeth. 

The  Safe  Working  Loads  for  Gear  Teeth. 
Cbas.  H.  Logue.  Am  Mach — Jan.  16,  08.  7 
tl.gs.  32  00  w.  2  0c.  States  that  resistance 
to  wear  Is  of  na  much  importance  as  resist^ 
ance  to  fracture,  and  gives  formnlaa  tO  Prop- 
erly design  for  this  factor.  • 

Hoisting  Hooks.  * 

A  Diagram  for  Designing  Hoisting  Hooks. 
Axel  Pedersen.  Am  Mach — Jan.  SO,  08.  4 
flgs.  2400  w.  20e.  GiTet  Pnrfettw  Bacfa'a 
formula  for  atreeaea  In  a  eurred  beam  and 
a  diagram  plotted  therefrom  for  faellttatlng 
calcnlationa. 

Pistons. 

A  Rational  Method  of  Checking  Conical 
Pistons  for  Stress.  Prof.  George  H.  Shepard. 
Proc.  Am.  Soc.  M.  B. — Feb.,  08.  2  flgs. 
2000  w.  80c.  Paper  to  be  presented  aillM 
.A.  S.  M.  E.  Detroit  Meeting,  June,  1908. 

t^uick  Return  Motion. 

Applying  a  Quick  Return  Motion  to  a 
Horizontal  Milling  Machine.  W.  O.  Dunkley. 
Am  Uadi — Feb.  IS,  08.  2  Agi.  780  w.  20e. 

Berenteg  Hectaanlnna. 

Reversing  MeehatttNDa  for  Machine  Tools. 
Luther  D.  Bnrllngame.    Am  Mach — Feb.  6, 

08.  15  flgs.  nino  w.  Feb.  ll!.  10  flgs. 
1800  w.  Each  20.  Dnscrlbe  methods  of 
rotitrolllpig  rfcipriK  iitiiig  iiicnilters  on  va- 
rious types  of  machines  by  means  of  shifting 
belts,  clutchee  and  other  devicea. 

Rtegi,  Strength  of. 

Stresaea  in  Solid  Beam  Sections  and  the 
Strength  of  Chain  Rlnga. — ^I.  Robert  H. 
Smith.  Bngr  (Lend) — Jan.  24,  08.  1  fig. 
4600  w,  40e.  First  installment  of  a  mathe- 
matical analyais  of  the  aubjects. 

Roller  lU'Ufiiigs. 

Proportions  and  i..oads  of  Holler  Bearings. 
Am  Mach — Feb.  1.  08.  2  flgs.  800  W.  Feb. 
13.    3  flgs.    900  w.    Each  20e. 

Requisites  of  Practicnl  Roller  Bn'ariiiijs. — 
II.  J.  F.  Sprinm-r.  Power — Jan.  2S.  OS.  16 
flgs.  w.  L'lic.  Describes  tbo  constructi%e 

features  whi<'!i  insure  .'^ei-\ i<-,.Ml)il  It.v  ;  what 
to  avoid:  roller  cages;  peculiarities  of  ta- 
pered rollers,  etc. 

Screw  Thread  SyslenM. 

Screw  Thread  Systems.  Erik  Oberg. 
.Machy — Feb.,  08.     7  flgs.     3400  w.  40c. 

Gives  a  review  of  the  ninst  iiTiiiortaiil  infor- 
mation regarding  the  more  common  systems. 

M.VTEKI.ILS. 
Car  Bearing,  .lUojrs  for. 

Alloys  for  Railroad   Bearinga.     G.  K. 
Clamer.   Foundry — Feb.,  08.   3100  w.  200, 
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Cement  and  Plain  and  Eeinforced 

^    C0NCRE"TE  sA 


HHMMST  AND  concrete^  By  Louis  C_  L*-ajlii. 
BveoBd  Bdttlon.  583  p>«es.  Ittl  Ubles  ot  Usu. 
Prlea,  |9.00. 

TREATI8K_  ON    CONCRBTB.    PLAIN    AND  RKIN- 

';  w.  Tailor  sad  auHDrd  B. 


FORCED.  Bj 
Thompaon.  884 
Ubies.    Price,  $9.00. 


lit 


REINFORCED  CONCRETE  By  A.  Consldere.  Tran«- 
lated  from  t2l«  French  by  Lfon  S.  Mols«elff.  Second 
Edition,  2SS  pages,  32  llluslratlona.     Price,  $2  00. 

RBINFORCBO  CONCRBTB.  By  A.  W.  Buel  uid  C.  8. 
am.  8wra«  MItloB.  ««>  PMML  m  fllwtntlau. 
Prte*.  VMO, 

CONCRBTB  AND  RBINFORCBO  OOMOMnS  COM* 
8TRUCTI0N.  Br  Homer  A.  R«M.  WW  pt^m,  TI0 
lllustrattont.    Price,  $5.00. 

REINPORCBD  CONCRETE.  By  Charle-  F  >,Iar  h  ar;1 
WUIlnuj  Dunn.  Third  Edltlfln.  630  quarto  pages, 
«17  Illustrations.     Price.  $7.00. 

PRINCiPUES  OF  REINFORCED  CONCRETE  CON- 
STRUCTION. By  F.  B.  TurDcaurv,  Dean  of  the 
OBllege  of  ESnglDMrlng,  TJnlTersity  of  Wiscoatln, 
•Bd  B.  R.  Maurer.  Professor  ot  MMbAOloa,  UbItOT- 

■ity  of  wiscoDfiD.  .svn,  vtti  4-  nT  Mm,  It  statM 

and  130  flgure.i.    Cloth,  $3.00. 
REINFORCED  CONCRETE.     By  Walter  Vor\ng  Webb 
and  W.  Herbert  Oibeon.    100  pp.,  140  iUaatraUost. 

BANDBOOR   ON   KBINFORCHD  CONCRBTB.  For 

Architects,   Bngineern   bii<1   CoTi'rncfcirs.     Ito  If.  D. 
Warren.      2rjS    ya^cs.    c;Lr:v    r;i!.|rv    md  UmgnmM. 
Second  Edition,  revlneil.    I'rice,  Ji.  Jl 
ARCHITECTS'    AND    ENGINEERS     :i.AN'DBOOK  OF 
REINFORCED  CXJNCRBTB  CONSTRUCTION.  By 

Ik  4.  Itaueh.  217  MBM,  m  UlmtnttoaB  taA  mnr 
taUH.  MM.  ttM. 

CONCRBTB  STBBL.  A  tr«att8«  oa  tlie  theory  and 
practloa  ot  reinforced  concrete  construction.  By  W. 
N.  TwelTetree*.  i?Bge»,  7^  llluatratlons.  Price, 

f  1  rt) 

ORAPHICAI.  HANDBOOK  FOR  RBINFOROBD  CON- 
CRBTB DB8I0K.  By  John  BawkeaifMth,  a  B. 
Qnarto.    70  j»s*»,  la  large  toldlag  plalM.  rltoa, 

$2.ea 

eRATTON-ffTANDARDS  FOR  THB  UNIFORM  DB- 
SION  OF  REINFORCED  CONCRBTB.  By  Lottla  F. 
Brayton.  Second  Edition.  L«*tber,  pook«bO»fc 
aixe.    110  p«Ke«,  Illustrated.    Price,  $3.00. 

THBORT  OF  STESL-CONCRETE  ARCHES  AND  OF 
▼AULTBD  STRUCTURES.  By  William  Cain.  218 
pagec,  lllaatrated.    Price,  50  cents. 

RBINFOROBD  CONCRBITB  IN  FACTORY  CONSTRUC- 
TION.  Bf  8ufor«  B.  Tbanpam.   OMk:  6  k  • 

CONCRBTB  FACTORTBS.  By  Robert  W.  Lealey.  163 
pagea,  numerona  lllustrstlwa.    Price.  fLOO. 

WaTRUOTIONS  TO  INSPBCTOBt  ON  RBINFDRiOBD 
GOMORBTB  CONSTRVOnON.    BF  Own*  F.  ~ 
w.  Prtoe^  M  centa. 


Any  book  la  tke  above  ll«t  will  be  Mat 


CBME.NTH,  ?40RTARS  AND  CONCRETES.  By  Hyron 
8.  Falk.  Inatruetar  la  Civil  Bngtoeerlag  In  Colum- 
bia Uatnwitty.   tM  pai«»  aoaMnaa  flMMlndma. 


BXPERMBOTM^  BjlBARCHBe  UPON  THB  OON- 

8TrruTK>iror  BTORAinJO  mortars.  By  H. 

Le  Cbateller.    TranalateA       Joaiik  tt.  Maak.  128 

pases.    Prlee,  (2:00. 

PORTLAND  CEMENT.    Composition.  Raw  MaUrlala. 

Manufacture,  Testing  and  Analysis.  By  Richard  K. 
Meade.  B.  S.  38o  pages.  100  lllustrattena.  Price, 
$.^..■50. 

OBMBNTS.  LIMBS  AND  PUU3TER8.    By  Bdwln  O. 
 m  pagai,  M  flSBiw.  SM  taMM. 


falMl. 

I&oa 


PRACTICAL  CBMBNT  TB9TIN0.  By  W.  Purree  Tay- 
lor. Boglneer  in  charge  Philadelphia  Hnnldpal  Teat- 

Ing  Laboratories.  Sl.'S  p«««b,  142  lllustralloni,  58 
tablea.    Price,  » 00 

HYDRAULIC  C&MB.NT.     iif  Frederick  P.  Spalding. 

208  pages,  31  flgtirea.    Price,  $2.00. 
PORTLAND  CEMENT.  ITS  MANUFACTURE.  TBST- 

IMO  ANDUBB.  Bf  ItevM  a.  BMlOT.  «»pMM;M 

Oltntratloafl.   Pnoc.  BnSlk 

CALCAREOUS  CEMENTS.     BF  QBtart  R. 
and  Chan.  .Spackirmn.   Hanontf  BMUoa.  SM 
plate*.  Price, 

HANDBOOK  FOR  CEMEINT  U8BR8.  By  Cbaa.  C. 
Brown.  Third  Edition,  rerlaed  asd  enlarged.  889 
page*.    Price.  $8.00. 

CEMENT  WORKRRS'  HANDBOOK.    By  W.  H.  Baier. 

T'l  ,;:-lrated.     Price,    .V.i   <  f  ir.:-,. 

THB  CEMENT  INDUSTRY.  A  description  Of  PorUand 
«ad  aataral  cement  planu  In  the  united  States  and 
Baropa.  2S&  pagea.  132  llluitratloaa.   Price.  $S.oa 

OONCatBTB  BUHnC  lUmiPAOTURB.  Proceaaee  »a» 
MudilBM.    By  HanaoB  H.  Rio*.    106  pago*.  45 

llloatratloBB.    Price,  $2.00. 

MANUFACTURE  OF  CONCRETE  BLOCKS  AND 
THEIR  USE  IN  BUILDING  CONSTRUCTION,  ft 

H.  H.  Rice,  Wm.  M.  T  rm      aafl  atkMa.  SB 

pages,    IlluEtrated.     Price,  $1.50. 

HOLLOW  CONCRETE  BLOCK  BUILDINO  CON- 
STRUCTION. By  Spencer  B.  Newberry,  ij  imKO, 
lUustrstpd.      Frlrp,    ti*>  reri'a. 

ARTIFICIAL  STONE,  TER.KA  COTTA,  ETC.  Edited 

br  Jaha  Blarib  •»  »i«Mh  IttaaUatad.  Prtoa,  «S 
aaata.  _ 


impditmbb; 

Prtoa^ 


DTRECTORT  OP  AMIBMUM 
1900.    BF  ObariN  0.  ~ 

$0.00. 

HANDBOOK  OF  COST  DATA.   BF  Balbert  P.  Oniette. 

Flexible  leatbar.  838  paa«.  Otaittatatf.  fM%  fAOOi 
t  oNi  Ki  TR  HYSTBX.  ByPraal(B,CH]bir«ttk.  (la  piapi^ 

COSCiu  i  K  sTKKL  COJJ8TBOOTI0II.  BrPmtB,] 

(  lu  preparation.  ) 

to  any  part  of  the  world  oa  lao^pt  ot  tha  pftoa  bf 
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HEOHANIGS. 

Dynainometer. 

A  Magnetic  Absorption  Dyuamomoter.  C. 
M.  Garland.  Am  M;i(  h — Jan.  30,  08.  4  flgs. 
$0(1  w.  20c.  Describes  apparatus  In  which 
power  is  transformed  into  heat  in  an  arma- 
ture revolving  ia  a  magnetic  field,  tbe  beat 
genented  belns  absorbed  bgr  water. 

Heat  Stresses  la  Imb  and  Steel. 

Heat  Stresses  and  the  Formation  o( 
Credte.  Carl  Sutser.  Boiler  Mkr — Feb.»  08. 
7  flgs.  3700  w,  20c  DIsenaeeB  tbe  quei- 
tioii  of  the  formation  of  emdn  la  Iron  nnd 
steel  by  heat  stresses. 

Stretrhin^  Duo  to  Hnlling. 

StreichiuK  Due  to  RolliuK.  Stuhi  u  iiiscn 
— Jan,  2f»,  OS.  2  fiRs.  2700  w.  60c.  Two 
communications  on  tbe  action  of  a  metal 
plnte  when  paned  tbrongb  roile. 

Testing  Machines. 

New  Machines  and  Metiiods  for  Testing 
Metals.  P.  BreuU.  Rev.  de  Mec — Dec,  07. 
18  flgs.  12,000  w.  $1.80.  Continued  from 
Oct  Describes  various  testing  macblnes  for 
determining  bending  and  tonlonal  etrengtba. 


HBTAIf  WOBKINCl. 
PBlBa<**"g  ItoCatlniC  PMiia* 

The  Batoadag  of  Rotors  for  High  Speed. 
Hans  Holswarth.  Power — ^Feb.  11,  OS.  10 
flgs.  1600  20c.  Describes  the  relation- 
ship between  the  static  and  dTnamlc  coodi- 
tions  and  certain  methods  by  whiah  rotoct 
may  be  dyaamicaliy  balanced. 

Bushings  for  Jigs. 

Movable  Bushing's.  A.  J.  Baker.  Am 
Mach— Jan.  16,  QH.  5  fies.  500  w.  20c. 
Qlves  proportions  for  removable  blUblagB 
used  in  jl^a  for  boring  holes. 

G«ar>Cuttliig  Machtnerjr. 

Oear-Cuttlng  Machinery. — II.  Ralph  B. 
Elanders.  Hacby — Feh.t  08.  24  flga.  5000 
w.  40e.  Continues  the  description  of  -the 
formed  milling  cutter  type  of  machine  tor 
cutting  spur  gears,  tbe  automatic  gear^t- 
ter  ol  orthodox  design  being  oonsMored. 

Grinding  and  Trapping. 

Accurate  JLapping  Operations  and  Small 
Tools.  Am  MaelH-Jan.  22,  02.  12  flgs. 
2200  w.  20c. 

Grinding  Cone  Pulleys.  J.  II.  Hollinger. 
Am.  Mach — ^Feb.  12,  08.  2  flgs.  1200  w. 
20a 

Blgh-Speed  Steel  Working. 

Treating  ITlsh-Speod  Steel.  E.  R.  Mark- 
ham.  Am  Mach — Jan.  23,  08.  6  flgs.  900 
w.  20e. 

MnchinlnK  Cylinders  and  Flywheels. 

Flnlbbin>,'  Gas  Engine  Flywheels  on  tbe 
GIsLolt  Turret  LatbO.  Machy-^Feb.,  08.  2 
figs.   1400  w.  40c. 


Machining  Gasoline  EnKine  (Minders.  Am 
Mach — Jan.  23,  08.    s  flt-s.    1800  w.  20e. 

Microscopic  Measurements. 

The  Mlcro&cope  In  the  Manufacturing 
Plant  F.  A.  Stanley.  Am  Mach — Jan.  18, 
08.  7  flga.  1000  w.  20c  Deaerlbea  the 
nse  of  measuring  mieroeoopefl  la  the  Inapee- 
tloa  work  of  a  large  establUhmeat 

OOFnmaces. 

Fuel  Oil  for  General  Sbop-Fiirnace  Use. 
Holden  A.  Evans.  Am  Mach — Jan.  30,  08. 
15  flgs.  5000  w.  20r.  Describes  the  con- 
striirtion  and  perforiuanc©  of  furnaces  sue- 
cessfully  and  economically  flred  With  oil  at 
the  Marc  Island  Navy  Yard. 

I'uucr  I{e<xi«lreriicnt*i  of  .Miicfilne  Tools. 

Motor  Application  to  Machine  Tools.  Can 
Machy — Feb.,  08.  2  figs.  2800  w.  20o. 
Olves  horsepower  formulafl  from  data  pre- 
pared by  the  Westinghouse  Co. 

Power  ReQuirements  of  Railroad  Shop 
Tools.  L.  R.  Pomeroy.  Am  Mach — J m  IC, 
08.  7  figs.  1800  w.  20c.  Reprint  from 
tbe  Oeneral  Electric  Review,  giving  tables 
of  power  required  by  tbe  various  macAlne 
tODM  need  In  railway  sbops. 

Bcrew^Machlne  Tools. 

Automatic  Serew^Hachlne  Turning  Tools. 
C.  L.  Ooodrlch  and  F.  A.  Stanley.  Am  Hadi 

—Feb.  6,  08.  16  flgs.  3200  w.  ?0c.  De- 
scribes method  of  making  and  applying  box 

tools  with  tangent  and  radial  cutters  and 
hollow  mills  to  the  automatic  screw  machine. 

Thread  Gages. 

Making  Thread  GageF.  A.  1^.  Monrad. 
Machy — Feb.,  08.    10  figs.    3500  w.  40c. 


BEFBIOBRATIOll. 

Ammonia  Compres-sors,  Faults  in. 

Some  Faults  in  Ammonia  CompreBBors.  F. 
A.  Rider.  Ice  &  Refrlg — Feb.  1.  OS.  1600 
w.  40c.  Discusses  errors  In  testing  tbe 
operation  of  ammonia  compreetors  why  the 
Indicator  falls,  etc. 

in  Refrigeration. 
Ammonia  In  Refrigeration.    3.  H.  HarL 

Cass  Mag— Feb.,  08.  1700  w.  40e.  De- 
scribes the  use  and  advantages  of  the  sub- 
•tanoe  for  retrlgerattng  work. 

Cold  Storage  Plant. 

Mechanical  Plant  of  the  Worcester  Cold 
Storage  &  WarehouBC  Company,  Howard  S. 
Knowlton.  Eng  Rec — Feb.  s.  os.  3  figs. 
2300  w.  20c.  Describes  a  modern  refrlger^ 
ating  installation  operating  in  Massachusetts. 

Heat  lioeses  ia  Ammonia  Compression  Syetem. 
A  Problem  in  Refrigeration.    Arthur  J. 

Wood.  Ice  &  Refrig — Feb.  1,  08.  2  flgs. 
2400  w.  40c.  Discusses  the  heat  losses  in 
an  ammonia  compiession  system  and  tho 
solution  of  a  problem  as  to  Uielr  cause. 
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On  March  1.1908 

The  subscription  price  of 

CEMENT 

AQE 

will  be  increased  to  $1.50  per 
year  for  the  United  States  and 
Mexico;  $2.00  per  year  for  Can- 
ada and  Postal  Union  Countries. 
Single  copies  will  be  15  cents 
each. 

Those  subscribing  March 
1st  will  secure  the  benefii  of  the 
present  rate  — $1.00  per  year  do- 
mestic; $1.50  foreign — and  may 

prepay  for  as  many  years  as  they 
desire.  Subscriptions  sent  at 
once  may  begin  with  the  Janu- 
uary 

Design,  Decoration 
&  Development 
Number 

This  special  issue  contains  138 
pages  of  reading  matter  and  il- 
lustrations— the  largest  number 
ever  printed  by  a  periodical  in 
this  field.  Single  copies  25  cents. 

Cement  Age  Co. 

221  Fifth  Avenue,  New  York 


Are  you  interested 
in 


BOOKS  • 

ON 

ENQINEBRINQ 
ELECTRICITY 

THE  INDUSTRIES 
ARTS,  TRADES 

OUR 

NEW  CATALOGUE 

G>ven  a  larger  fidd  thin  any  other 
Book  List.  . 

Sent  /re*  on  reguesi 

SPON  &  CHAMBERLAIN 

123  F..  D.  LIRFRTY  STREET,  NEW  VORk 


Publishers'  Co-operative 

Company,  he 

STOKES  BUILDING   333  FOURTH  AVE. 

NEW  YORK  CITY 

Taiaplwa*:  iQ9Q  Mxtiaoa  Square 

Supplie*  to  pubiitliert.  engineering  end  commercial 
bouie*.  leciiaical  locieties,  and  indivkliuls : 

Traiuiaiiolu  to  «imI  froa  Eiiro|iMB  «k1  Orieolil  Lmi- 
guages  of  beebt  ami  oarrMpoodtae*. 

Literary  editing  of  rrporti,  icIentiEc  worl^  «|e. 

Ceaeral  editorial  work  for  periodicah. 

Dau  for  eacjKlopedHi.  umi  for  work  <m  wti  tni 

Indexing  oi  technical  periodicals  and  books- 
Editorial  proof  re«<Mng> 

Prrpar,iv;on  of  adverti'ing  mallcf  for  lUfhlllol  h' 

Book  reviews.    Book  cataiogi. 

Reiearch  work  in  librarie*.  coOcdioB  of  Btanfy 
terial  oo  special  nbieclt. 

Compling  af  refefUiM  and  test^baahp  tnda 

logue*.  etc. 

Terms  furm^ttd  on  affiieatiim. 
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PimJiiMilmf  RttfrlKBnitliiif  MiBcliiiwi^* 

Comparison  of  BlJs  for  Ice  Making  and 
Refrigerating  Machinery.  Prof.  Chas.  E. 
Lucke.  Ice  &  Rofrig — Fob.  1.  08.  4  figs. 
3800  w.  40c.  Discusses  the  Yarlous  factors 
to  be  considered  by  the  pi; :  i  linser.s  of  re- 
frigerating machlnfry,  as  etilciency,  clear- 
auce,  single-acting  and  double-acttaj  ina^ 
chines,  wet  vs.  dry  compression,  etc 

SHOPS    VXD  BUHiDINGS. 

Drafting  Room  Mc-tluxLi. 

Standard  Drawing-Room  MethodB.  M.  R, 
KATanasIi.  Maeby — Ftib,,  08.  9  flgi.  2000 
w.  40e. 

mttern  SbOfM. 

An  Uneommoa  Type  of  Pftttem  Shop.  B. 
J.  Kennedy.  Am  Hack — Vtib.  6.  08.  16  flgi. 
8400  w.  20e.  Deacrlbes  a  building  employ- 
ing a  varfatlon  of  the  saw-tooth  roof  and 
illustrates  a  nnniher  of  derlcea  for  pattern 
shop  and  drawing  room. 

Organization  of  the  Pattern  Shop.  Oscar 
B.  Perrlgo.  Foundry — Feb.,  08.  4  flgs. 
2600  w.  20c.  Deacrlbea  the  diapoaltlon  of 
tbe  workioK  force  to  seenre  tlie  beat  reeutta, 
arraneement  of  the  machinery,  etc. 

TtooK'ltooni  Syetem. 

Tool-room  Arrangement  and  System.  Wil- 
liam H.  Taylor.  Am  Mach— Jan.  23,  08.  9 
figs.  2400  w.  20c.  Eiiumerares  the  points 
to  bo  considered  in  laying  out.  In  fitting  up 
with  raeka  and  boxes  and  in  gmeral  manage- 
ment. 

STEAM  POW'ER  PLANTS. 

BUnmlnom  Ooala,  Bastii  for  Oomparlnir. 

Pure  Coal  (AbIi  and  Moisture-Free)  as  a 
Basis  for  the  Cotiijiarlson  of  Bltuniliious 
Coals.  Bull  Am  Inst.  M.  K.  i  fig.  :!4no  w. 
12.00.  Paper  read  at  the  Toronto  meeting, 
July,  07. 

BoQen. 

Greenwich  Boiler  Exploalon.  Bngr  (Lond) 
— Jan.  24,  08.  10  figa.  6500  w.  40c.  QlTea 
additional  testimony  regarding  the  causes 
of  explosion  of  a  thermal  storage  drum. 

Tlie  Steward  Tubeless  Boiler.  Comni 
Motor  .Ian  9.  08.  4  flgs.  1800  w.  40c. 
Gives  iiiii  ri'sting  data  and  tests  of  a  new 
form  of  rapid  steam  generator  for  use  in 
power  wagona. 

OooUbs  Towers. 

Cooling  Towers.  Charles  L.  Hubbard. 
Slec  JtBv — Jan.  25>  08.   8  Hgs.  2600  w.  80c. 

Di  s(  rilicn  the  various  types  and  the  adTan* 

tageti  Ut^rived  from  their  use. 

Entropy  Dfagran*. 

U.'ie  of  Entropy  Diagram  Jn  Engine  Tests. 
Prof,  Sidney  A.  Reeve.  Power — Jan.  21,  08. 
]  !ig.  2000  w,  Jan.  2S.  2  ngs.  fOOO  w. 
Each  200.  Given  simple  directions  for  con- 
structing  an  cntrop)  diagram  from  a  steaaoK 
engine  indicator  diagram. 


Peed'Wacer,  PnrUtealion  of. 

The  Purification  of  Feed-A\  r  :  (  ll:ll  lo- 
i..  Hubbard.  Else  Rev — Jan.  IS,  08.  7  figs. 
2700  w.   20e.  Coodaded. 

Foundation  for  Engine. 

Method  of  Underpinning  an  Engine  Foun- 
dation. Eng-Contr — ^Feb.  12,  08.    2  flga. 

500  w.  20c 

Governors. 

Progress  of  Buropean  Governors.  George 

B.  Massey.  Cass  Uag— Feb.,  08.  ii  flgs. 
1800  w.  40e.  Enumerates  the  principal  gov- 
ernors now  in  use  on  tbe  continent  tor  regu* 
latlng  tbe  speed  of  gas  engines. 

Heat  Flow  Throngh  Cylinder  Walls. 

The  Flow  of  Heat  Througli  tlie  Walls  of 
a  Steam  Rngiae  Cyliuder.  F.  Tiionet.  Kev. 
de  Mec  IJec,  07.  4  flgs.  10,000  w.  $1.80. 
Mathematical  study  of  beat  flow  through 
jacketed  and  vnjacketed  cylinder  walla. 

Incomplete  Combasition,  Los»>e8  From. 

Losses  Occasioned  by  Incomplete  Combus- 
tion of  Gases  in  Furnaces.  A.  Soaoh.  Zelt 
fOr  Dampfkessel  u  Masch — Jan.  8,  08.  1800 
w.  Jan.  10,  4  flga.  1800  w.  Bach  60c. 

Indicator  Cards,  Faults  tn. 

Effect  of  Long  Pipe  Diagrams.  IT''rbert 
L.  Seward.  Power — Jan.  28.  08.  5  ligfs. 
30  0  w.  20c.  Shows  the  inaccuracies  in 
indicator  cards  which  are  due  to  the  long 
pipes  used  In  connection  with  tbe  three-way 
cock. 

Jviioeks  ill  Liitfinett. 

Caii.ses  ot  iCnoolis  in  Steam  Engines — I. 

C.  J.  Larson.  Power — Fob.  11,  08.  5  flgs. 
2300  w.  20c.  Explains  their  causes  and 
gives  interesting  explanations  with  sbnple. 
practical  directions  for  preventing  them. 

Mean  Effective  FMesnre. 

Mean  Effective  Pressure.  Fred  R.  Low, 
Power — Jan.  21,  08.  2  flgs.  1600  w.  20c 
Give.^  table  for  computing  mean  cffecflve 
preiisure  from  the  initial  pressure  with  dif- 
ferent eleerancea  and  ratios  of  expansion. 

Oil  Separation. 

Separation  of  Oil  from  Exhaust  and  Wa- 
ter of  Condensation.  Prof.  Claudius  Lee. 
Power— Feb.  11,  08.  1  fig.  1300  w.  20c. 

Fewer  Plant  Cnst-o. 

Calculations  for  Power  Plants.  Dr.  Franz 
H.  Hirschland.  Electrochem  &  Met  Indus 
— Feb.,  08.  5500  w.  20c.  01vi»»  compara- 
tive estimates  of  constructing  and  operating 
costs  of  800-KW.  power  plants  running  by 
steam,  gas  and  hydroeleetrlc  power,  respect* 
ively. 

Management  and  Ktncienc.v  of  the  Design- 
ing Department,  and  Its  liearing  CJpon  the 
First  Cost  and  Kconoiny  la  Operation  ot 
Steam-Electric  Power  Plants.  Franl<  Koes- 
tcr.   Elec  Rev — Jan.  18.  08.   2200  v.  20c 
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T^O  YOU  KNOW  how  completely,  con- 

-'-^cisely  and  practically  THE  RAIIAVAY  AgE 
covers  all  steam  railway  topics  of  interest? 

Most  rxilwi^  men  know,  became  more  of  them  read  TtiS  RAILWAY  AGS  than 

any  other  journal,  and  it  has  subscribers  \vhr;rM  r  there  are  railways. 

If  you  would  like  to  know,  ask  for  sample  copies,  which  will  gladly  be  sent  on 
your  request. 

Then  \  ou  will  find  these  to  be  the  facts: 

The  Railway  Ace  is  the  authority  on  every  question  pertaining  to  the  construc- 
tion, maintenance,  operation,  traffic,  accountins  and  adminiatiation  of  steam  ra3w^ 

Tfie  Railway  Age  is  an  invaluable  reference  to  eveiy  development  and  every 
improvement  in  every  branch  of  railway  service. 

Published  every  Friday  in  the  year  and  seven  time*  daily  during  the  annual 

mechanical  conventions — fifty-nine  issues,  $4.00. 

Ask  for  the  samples  now — while  you  think  of  it. 


190  KuMB      Maw  Toik 
WiUiMtioa  Bldf. 
OawlaadiO. 


1%' 


l&O  Harrison  Street 
CHICAGO 


Have  you  seen  our  new  monthly  publication 
'*WATBRPROOPING"? 

If  not,  send  for  sanipk- copy  of  numbers  already 
issued — Free  upon  request. 
An  yotf  tfoabled  with  damp,  wet  and  leaky  odian? 
Is  your  house  damp,  moist,  ciammy  and  vn- 
wholeaome? 

Do  TOO  want  adviee  on  wateiprooiKng^  conciete, 

concrete  bfoc^is^  cement  ffooc^  tanfcs,  Bttddlnfl^ 
ioundAtions,  tunnels,  etc? 
Do  TOO  want  to  know  how  to  preaerre  wood, 
iron  and  steel*  stooe  and  stntdufcs  fwilt  of  them? 

U  ao,  writ*  to 

**  WATKKPROOF  i>-<;"  <  oiKiiHinc  n-'pMttoirat 

8>IO  UurliiiK  HUVt  >'i<w  York 

"Waterproofing**  is  a  new  monthly  publica- 
tion— the  first  and  only  publication  flevntrd  ovrlti- 
sively  to  the  science  and  business  of  waterproofing. 
Its  pages  arc  full  of  educational  matter  on  the  sub- 
ject prepared  by  experts. 

Every  Engineer.  Architect.  ( "nntr.ictur.  Buildi  r 
and  Sanitary  Officer  should  reafl  it  and  keep  posted 
on  this  important  ami  rapidly  rli  vcloping  branch 
of  Fng'inetrins;.    $1.00  per  Year.  ID  cents  per  copy. 

Smnpl'-  iMipy   f  riM-1  ui>«««''rc>qu«'iil 

MYRON  H.  LEWIS,  C  E.,  Editor  and  PaUishcr 
il39  BroMiway  N«w  York 


We  are  also  prepared  to 
undertake 

Tests,  Reports 

and 

Investigations 

and  the  preparation  of 
Plans,  Estimates  and  Speci- 
ficatiMtt  fir  Waterproofing 
and  Dampproofing  Work  of 
every  descriptioa. 


ratronlze  EXGINEERI.VO  DIGEST  Advertisers  When  You  Can. 
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Power  Plants. 

The  Central  Power  Station  at  the  Plant  of 
Walter  Baker  4b  Co.,  Ltd.  Elec  R«t — ^Feb. 
16.  08.  S  llgB.  S30l>  w.  tfto.  Deeerlbet 
a  new  plant  In  whlcli  rAeatere  are  used  with 

the  compound  engines  driving  three-phase 
alternators  (600  volts)  for  power  and 
lighting. 

Mechanical  Plant  of  the  Stuyr^ant  High 
School,  New  York.— Part  I.  Bng  Rec— 
Jan.  18,  08.  8  flgs.  4400  w.  20c.  ])e> 
■eribea  the  power  and  Ughtlns  equipment. 

BfalpVliig  Weights  of  Engines. 

Graphic  Estimation  of  Shipping  Weights 
of  Steam  Engines.  C.  F.  Cukor.  Power — 
Jan.  81,  08.  8  flSB.  700  w.  80c. 


flmoke  Density  Determination.  Edward  J. 
Knnze.  Engr — Feb.  1,  08.  2  flgs.  1200  w. 
20c.  Describes  a  new  lustrurnent  for  same 
and  the  method  of  recording  readings. 

Smoke  Prevention  at  Newark,  N.  J.  Eng 
Rec — Jan.  18,  08.  2  flgs.  2700  w.  20c. 
Gives  text  of  recently  adopted  city  ordinance 
and  dPBcrlplIon  of  apparatus  ;or  im  venting 
smolvo  used  In  one  of  the  city's  factories. 

Steam  Economy. 

Steam  Xngtnea  Boonomte*.  Thomas  Ball, 
flibler  Jl  of  Ens— Jan.,  08.  7  flea.  8400  w. 
40e.  Dlsenisas  the  questkm  of  radaclng  the 
steam  pressure  for  Il^t  loads  as  regards 
economy. 

Steam-Pipe  Lines,  Layout  of. 

Layout  and  In^?taIiation  of  Steam-Pipe 
Lines.  Warren  H.  Miller.  Am  Mach — Peb. 
IS,  08.  8400  w.  80e. 


Steam  Turbines. 

Labyrinth  Packings.  Bngg — ^Jan.  10,  08. 
8  flgs.   8400  w.    40e.   Describes  the  form 
of  packing  nsed  In  Parsons'  steam  turbines,  ' 
which  canses  the  leakage  steam  to  be  wire- 
drawn at  a  great  number  of  points.  . 

Steam  Turbine  Construction. — ^III.  T. 
Franklin.  Mfch  Wld-^ao.  24,  08.  8  flgs. 
1400  w.  40c. 

The  Curtlfl  Steam  Turbine  In  Practice. — L 
Prod  L.  Johnson.  Power — Feb.  11,  08.  7 
flgs.  1400  w.  Describes  the  details  of  con- 
struction of  a  Curtis  turbine  and  gives  sim- 
ple practical  directions  for  Its  operation  and 
adjustment. 

The  Elektra  Steam  Turbine. — I.  H. 
Meuth.  Z  V  D  I— Feb.  1,  08.  12  flgs.  4600 
w.  60c.  Describes  a  single-stage  Oermaii 
tnrblne  having  adjnstable  expansion  nosilea. 

The  Manufartnro  of  Small  Steam  Turhlnes. 
K.G.Smith.  Machy  -  Feb.,  08.  7  figs.  1300 
w.    40c.    Describes  the  construCttTO  featUTM 

of  the  Kerr  steam  turbine. 

The  Modern  Kerr  Steam  Turbine  Illus- 
trated and  Described.   Indus  Wld>-Jan.  80, 
08.   8  flgs.   8800  w.  SOc. 
Valve  Setting. 

Setting  the  Valves  of  tho  FltchburR  En- 
gine. Hubert  E.  Collins.  Power — .Ian.  28. 
08.  11  flgf"  ISOO  w.  20c.  Gives  a 
simple  e.vplanatlon  of  the  valve  motion  and 
governor,  with  clear  instructions  (or  setting 
and  adjusting  tho  TUlves. 

WOODWORXINO. 

Belting  Protjlcms. 

The  Belting  of  Woodworking  Machinery. 
.Tames  F.  Hohart.  Wood  Craft — Feb.,  08.  8 
flgs.  1800  w.  20c.  Gives  along  with  other 
useful  information,  methods  ot  determining 
the  pull  in  Tortleal  and  horlsontal  bolts. 


METALLURGY 


CO.\L  AXD  COKE. 
Coke  from  Sfiiiill  Lkml. 

A  Recent  Plant  for  the  Utilization  of  Sninli 
Coal.  E.  M.  Hann.  Coll  Guard — Jan.  21,  08. 
5  figs.  4000  w.  40c.  From  a  paper  con- 
tributed to  the  South  Wales  Institute  of 
Engineers.  Descrlbeo  the  methods  employed 
in  manufacturing  the  small  coal  Into  ooko. 

Coke  Oven. 

Tlie  Sheldon  Retort  Ooko  Oven  and  Pror 
resB.  S.  B.  Sheldon.  Ir  Age— Jan.  16,  08. 
3  figs.  4S0O  w.  20c.  Describes  a  coke 
oven  having  a  <!ianiber  for  prefoking.  the 
coal  being  under  compression  during  the 
coking  operation. 

COPPER. 

Bandling  Matte. 

Method  of  Handling  Matte  at  Sleby,  Cal- 
ifornia. James  C.  Bennett.  Eng  &  Min  Jl 
Feb.  1,  OS.   5  figs.   SOO  w.  toc.  Describes 

methods  in  which  the  material  is  tapped  Into 

Bhallo^-  pans  of  8te«'l  carried  upon  ail-irnn 
trucks  moved  by  mean4  of  long  hook  bars. 


Leaching  and  PrccipKutlng. 

Leaching  and  Precipitating  Coppi'r.  Pierco 
Barker.  Mines  &  Min  .Ian.  2  1,  Os  5 
figs.  2200  w.  20c.  Describes  methods  ot 
extracting  the  metal  from  mine  waters. 

Pyrltlc  Smdttng. 

Hot  Blast  in  Pyrlte  Smelting.  J.  R.  Tur- 
ner.   Mln  Jl— Jan.  25,  08.    800  w.  40c. 

Tho  Question  of  Ore  Concentration.  H.  P. 
Dickinson.  Min  So— Jan.  16,  08.  1700 
w.  20c  Dlscttsses  tho  limitations  of  water 
concentration  as  compared  with  fire  treats' 
ment  and  the  progresa  and  field  of  pyrltte 
smelting. 

Smelters. 

The  Douglas  Copper  Smelter  at  Founda* 
tlon,  Mex.  Percy  B.  Barbour.  Bug  ft  Mln 
J] — ^Feb.  8,  08.  6  flgs.  1700  w.  20c.  De> 
scribes  a  one-level  blast-furnace  plant.  In 

which  the  charges  are  measnrod,  and  ralMd 
to  the  feed  floor  by  bucket  elevators. 


MAftCB.  INS. 


Digitized  by  Google 


THE  ENGINEERING  DIGEST 


Your  LAST  Opportunity 

ONLY  100  SETS  LEFT 

Owing  to  the  popularity  of  this  little  set  o(  classics,  we  purchased  from 
tibe  publishers  some  time  ago  die  entire  balance  of  the  edition,  and  this 
tlock  hat  now  been  reduced  to  nearly  100  teti.  ^Mien  ifaete  are  gone  no 
nuMTe  will  be  available  at  any  pricey  and  no  new  edition  will  be  made  or 
could  be  made  to  sell  for  less  dian  $5.00  a  set 

We  have  8uppllo<l  inany  riiv,-iriri  i>  willi  s'M^  dI  the  books  illustrated  herewith  at  u  nu'  lonite  OOlt  lO 
satisfy  the  need  for  kooU,  wholeaome  reading  tbat  is  ■•«  tf  fcniiwl   Tlieae  eight  volumes  of  Uw 

MASTERPIECES  OF  THE  WORLD'S  BEST  LITERATURE 


comprlsi'  the  fi.*8t  writiriKS  nf  hmt  tw<  i  hundred  of  the 
npreMQt  all  a«o!i.  Each  volume  is  complete  in  itself. 

Ton  know  the  value  of  Kood  llteratare— you  know  that  It  reaeto  beoeflelallrto  your  woik.  Tea  can- 
not spare  tho  timi^  to  nNul  larice  setM  of  (KX>kii.  ho\r<>ver  kocx\.  aiid  would  certainly  welcome  and  appreolato  a 
small  set  Hueh  as  this,  sivInK  the  most  interestInK  portions  of  tho  world's  Breatest  wrltlnRs.  In  these  small 

booltM.  till' Cliuisii'.  th"  Dmmatic,  tho  Humorous,  and  thi'  I.yrle  writers  arc  fully  rcpr-'Hi'nti'd.  C- tpinuH  H<'lf>r- 
tions/rurii  ArifUtpliatii's  to  Kipling,  from  Aetop  to  itou^meU,  are  here  formed  Into  a  Library  of  over  Seven 


Hundnnl  of  the  Best  OimpoHltioiiH  e' 
seat  FREE  with  each  set  of  books. 


Style  Book  BMk  abovB  la  tiM 


READ  THIS 


flomaoMDt.  T. 

PDBU8HXB : 

THE  SNc>iSKKHlN(i  DIOBT. 
NEW  YUBK. 

Dkar  Siub  :— I  have  riyrclTtvI  the  set  of  lht»  World's 
Bf«t  Lltoralure.  and  Biul  Uiom  much  iM-tliT  than  1  had 
any  rigUt  t<iexi>*»-l  for  thn  [irlcp.  Thoynre  hanits-TiioIy 
(xiiind.  have  K'"""!. '  leni  [irint,  and  ought  to  ln*t  n  life- 
time. Tbey  make  a  valuablo  addition  to  any  library. 


tnUy. 


o.  A.  Tono. 


Sent  |iM|mM.  fbr$9JIO,  to  mnj  address  fa  the  United  State*,  OmuH*  w  Mexleo. 

If  not  HatinfUctory  In  every  rrHpert  return  ttiein  to  iih,  and  yonr  BMWejr  wUI  be 
reloaded.    Order  NOW  before  the  edition  is  exliauBt«d. 
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220  Broadway  tt        NEW  YORK  ^^A^J 
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Utah's  LarcBit  Ooppw  Smslter.  RolMrt 
B.  Brinsmade.  lEIn  i  HInemla— 'Feb.,  M. 
S  flgs.    4600  w.    40e.   DescribM  th*  Gar* 

field  plant  of  tbe  American  SiMtttllg  and 
ReflnlDg  Co..  Garfield.  UUh. 

GOI/D, 

Cyanidntion. 

Cyaoldatlon  in  Nevada.  L.  M.  King.  Min 
it  Be  Pr— Jan.  26.  08.  3000  w.  20c.  GIvea 
data  on  teats  reesntly  maito  on  eartaln  Gold- 
lleid  orsa  ai^  ovtUnaa  an  acoaomlcal  maUiod 
of  treatment. 

Filter  Press. 

The  SwMtlaii4  voter  PreM.  Bnieet  J. 
Sveeiland.  "Bag  A  Wn  Jl — Feb.  16,  08.  S 
flgi.   900  ir.    SOe.   DsaerllMa  a  filter  press 

embodylnc:  several  Bpeclal  features  designed 
to  render  every  part  accessible,  and  at  the 
same  time  to  avoid  havin;;  any  moTtag  parts 
1q  the  working  of  the  machine. 

KalgOorUe  Ooldlleld. 

Metallurpr  of  the  Kal^norlie  Ooldfleld. 
Gerard  W.  WllliamB.  Eng  &  Min  Jl — Feb. 
li,  08.   1  lis.  1400  w.  lOe. 

Slime  ConcentratlDTi  IVncMoe. 

Advances  in  Slime  Concentration  Prac- 
tice. Edwin  A.  Sperrv.  Min  Sc  .Tan.  30. 
08.  S  flii;s.  2  100  w.  Fch.  fi.  2  fi^'s.  3200 
w.  Earli  20(\  Di'scrilies  tlie  v;irlouB  im- 
provements of  crushing,  regrlnding,  classi- 
fication and  ailing,  dewaterlag  and  final 
treatment. 

Air  Lift  Pumps  for  flllmes.  Enpr  (l.ond> — 

Jan.  in.  OS.  9  figs.  3500  w.  40r.  Desrrlhes 
thf>  air  lifts  used  by  the  East  Rand  Mines  for 
rnisitic  tbo  sands  and  slimea  pulps  to  the 
settling  tanks. 

nbe  Mill  Grtadfnit  Obsts. 

Coflt  of  GrlndinK  Gold  Ore  In  Tube  Mills. 
Eng-Contr — Jan.  15.  08.    1500  w.  20e. 

mOX  AMD  STBiEIi. 
Blowing  Machinery. 

Centrifugal  Blowers  for  Blast  Furnaces. 

StBM  II   Eisen— Jan.  15,  OS.    13  figs.  3600 

Experience  in  the  Construction  and  Opera- 
tion of  Qas-Driven  Blowing  Engln««. — ^IL  H. 
Baer  and  H.  Bonte.  Z  V  D  I — Jan.  11,  08. 
18  figs.   4500  w.  60c. 

Modern  Gas  Blowinir  lOntrlnrs  nf  T'nlque 
Design.  Frank  C.  Perkina.  Engr — Feb.  1, 
08.  lOflgB.  2000  w.  20e. 

EliH  trical  Equipment  of  Rolling  Mllfau 

Electrlc  Equipment  for  Rolling  Mills.  Ir 
Ako — Jan.  23.  08.  8  flgs.  14  00  w.  20c. 
Describes  the  various  appUcatlons  of  the 
electric  drive  In  the  Bethlehem  rail  and  strtic- 

tiiral  mills. 

RollinK  -Mills  and  Winding  i'^ngiaes  Op- 
erate<1  by  Thnry  Motors,  Eloc  Rev  (Lend) 
—  Jan.  2  1.  "s.  2  flKS.  2200  w.  40c.  De- 
scribes appliration  of  motors  furnlBhlng  Con- 
st a  tit  current  at  variable  pressure. 


The  Bl4K;trlc  Drive  of  a  Large  Rolling 
MIU.  W.  A.  Dick.  Blec  Jl— Feb..  08.  18 
figs.  8800  w.  20e.  Describes  the  apparatna 

used  in  a  large  rolling  mill  at  the  plant  of 
the  Illinois  Steel  Company,  South  Chicago. 

Fyrro-Alloys. 

Ferro-Alloys  and  Metals  for  I'se  In  the 
Steel  Industry.    W.  Venator.    SUhl  u  Elseo 

Ian  15.  08.  6800  w.  Jan.  29.  7000  w. 
Each  60O. 

Tba  Manufacture  and  Use  of  Ferro-AUoya. 
— ^n.  Engr  (Lend) — Jan.  81,  08.  2  Ufa. 
1800  w.  40e. 

aiaeliiMafcliig  Process. 

The  Chnte  Steel-Haktns  Prooasa.  Ir  Tr 
Rer— Jan.  28,  08.    1  fig.    2000  w.  20c. 

Desrrlbes  a  process  for  accomplishing  the 
same  results  attained  by  the  duplex  process, 
but  in  n  s:impler  and  much  ohe^wr  mannar. 
St«el  Works. 

The  Friedri«h-Alfred  Steel  Works  at 
Rhetnhaasen.  H.  OroeCk.  Z  V  D  I-^aau 
18.  08.  17  flgs.  3000  w.  80e.  CMres  In- 
terior views  of  various  parts  of  the  works, 
with  brief  descriptions  of  the  more  Important 
portions  of  tlie  equipment. 

The  Illinois  Steel  Company's  New  Plate 
Mill.  Ir  Ago  .Tan.  16.  08.  11  llgs.  B300 
w.  20c.  Des.  rU)es  tbe  first  Olectrically- 
drlven  reverslntc  universal  plate  mill  reesatlp 
installed  at  South  Chicago.  111. 

The  Large  Billet  Mill  Engine  at  the  Do- 
nora  Steel  W<.rk«.  Ir  Tr  Rev  -Jan.  23.  08. 
10  flgs.  1400  w.  20r.  Describes  novel  fea- 
tures of  a  10,000-IIP.  horizontal  girder 
frame  engine  for  driving  a  30-inch  billet  mill 
at  the  Donora  plant  of  the  Carnegie  Steel  Co. 

The  New  Madeline  Furnace  of  the  Inland 
flteel  Company.  Indus  Wld— Jan.  20,  08, 
5  figs.    2S00  w.  20e. 

Tin  Plate  Vttmt. 

Tin  Plate  Making  at  Follaosbee,  W.  Ta. 
Met  Wkr— Feb.  16,  08.  12  figs.  3100  w. 
20c.  Describes  the  newest  complete  tin  plate 
plant  In  the  country. 

TjB.m 

Electrolytic  Treatment. 

Tlio  meetrolytle  Treatment  of  Galena.  B4- 
ward  F.  Kern  and  Herbert  S.  Aaerbadi. 
Mines  &  Min — Jan.  84.  08.  6600  w.  20e. 
From  the  Columbia  School  ot  Mines  Quarter- 
ly,  Nov.,  07. 

Lead-Zlnr  Chmgae. 

nimmie  .mil  As^^oeiatcd  Minerals  of  Lead 
and  Zinc.  Otto  litihl.  Min  Sr— Jan  3!),  08. 
2  200  w.  20r.  Describes  methods  of  recov- 
ering nrifl  iitiliElnK  fluorspar,  barlte,  marca- 
site,  ii'.  riti-,  ch;i li  ojn  ri ■ ;ithl  tln>  important 
bearing  of  these  minerals  on  the  genesis  of 
ores. 

Iton-Hting  Lend  Ores. 

The  Metalhirgy  of  Load.  J.  W.  Richards. 
Eleetroebem  &  Met  Indus— Feb.,  08.  8000 
w.    40c.  II. — Roasting  ot  Lead  Ores. 
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Til©  Clipper  Clip 


The  Latetit 


lis  triugalar  shape  prevents  nlaogling 

and  givrs  three  times  the  capacity  of  aoy  Other 
Clip  for  attaching  papers  together. 

A'est  and  Cheaptst.    All  Sttitiuncrs. 
Bras*  or  Steel.  Send  10c.  for  Box  ol  100. 

Clipper  Bfaniifacbiriiig  Company 

366-368  Gerard  Avenue,       New  York,  U.  S.  A.  The  MOGUL  CLIP,  b„    so  i,r  is  c„.. 


TO  BOOK  BUYERS 


WE  have  Just  issued  a  new  iia-page  catalogue  of  n- 
cently  published  Scientific  and  Mechanical  Books, 
which  we  will  mail  free  to  any  address  on  applicati<Ml. 

MUNN  &  COMPANY 

PubHshfrs  of  SCIENTIPIC  AMERICAN 

3S3  BROADWAY  NEW  YORK 


A  Serial  Sequel  to 

Galeae's  ''Cost  Data'' 

Those  of  the  io,ooo  purchasers  of  Gillette's  "  Hand  Book  of  Cost  Data  " 
who  have  not  already  subscribed  for  "  Engineering-Contnuting"  will  do  well  to 
send  for  a  sample  copy,  for  the  articles  on  METHODS  AND  COSTS  in 

"  Engineering- Contraciinii^^  really  form  a  serial  sequel  to  nillette's  "  Cost  Data." 
Those  who  have  not  already  purchased  Gillette's  "Cost  iJata"  (6oo  pages  of 
costs  for  $4)  will  also  do  well  to  send  for  sample  copies  of  ''Engineering- 
Contracting,"  for  they  will  learn  what  Gillette's  "  Cost  Data  "  is  like.  Mr.  Gillette 
has  recently  completed  his  appraisal  of  all  the  railways  in  the  State  of  Washington 
— property  worth  a  quarter  of  a  billion  dollars — and  now,  as  manasrins:  editor  of 
"  Enginrrrinji-Cantracting,"  he  is  writing  a  series  of  articles  covering:  the  cost  of 
every  item  of  railway  construction.  Mr.  Daniel  J.  Haucr,  as  editor  of  the  Earth 
and  Rock  Section  of  "  Engimering'-CoHiracting''  is  s^ivin^:  new  and  valuable 
matter  on  economic  methods  of  excavation  and  itemized  costs.  The  paper  can 
best  be  judged  by  sample  copies,  which  we  will  gladly  send.  Since  "Engineering 
World  "  w  as  purchased  and  absorbed  by  "  Ent^incering-Comtracting*'  the  subscrip- 
tion rate  has  hcvn  $2  a  year  (52  i<sties).  hut  for  the  next  few  weeks  a  year's 
subscription  may  be  had  (ur  $1 ;  Caiiaiiian  subscription,  $2.    Send  for  sample  copies. 

ENGINEERING-  CONTRACTING 

3S3  Dearborn  Street,  Chicago,  III, 
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flUiVBR. 

Orndble  Assay. 

The  Effect  of  High  Litharge  in  Crucible 
Assay  for  Silver.  Min  Wld — Jan.  1,  08. 
1300  w.  20c.  Abstract  of  paper  read  before 
the  Am.  Init.  M.  B.  Toronto  moetlnc, 
July,  07. 

mSGBLLANEODB. 
Melting,  DissolTlng,  Elating,  etc. 

Melting,  Heating,  Dissolving  and  Elutlng. 
Oskar  Nagel.  Electrochem  &  Met  ludus — 
Feb.,  08.  6  figs.  2S00  w.  40c.  Describes 
methods  and  appmratuB  for  peiformliiB  fheio 
operations. 


Metallurgical  CUcidatloaa. 

The  Use  of  Oraphlc  Formulas  in  Metallur- 
gical Calculations.  David  H.  Browne  Mln 
&  Mining  (Denver) — Jan.  17,  08.  6  tigs. 
3400  V.  20c.  A  papor  predated  at  the  To- 
ronto meetlns  of  tlio  Canadian  Mtnlns  Inattr 
tute. 


Smelter  Smoke,  vrith  Dis mssion  of 
Methods  for  Lessenlag  Its  injurious  Effects. 
L.  s.  Austin.  Mln  A  8c  Prow— Nor.  SS,  07. 
3400  w.  20e. 


MINING  ENGINEERING 


Breathing  Apparatus. 

Breathing  Apparatus  for  Vm  In  Ulnes. 
Prof.  Leonard  Hill.  Bngg — Jan.  17,  08. 
B800  w.    40c.    Lecture  delivered  at  the 

Korfh  t^rrilT nrjlBhlre  InBtltiit  ■  rif  MiniiiK  and 
MechaiiiLa.1  EiiKineera.  Discuaisea  the  phys- 
iological effect  of  foul  air,  and  the  principles 
of  construction  of  breathing  apparatus. 

Breathing  Apparatus  in  Mines.  HIdor  & 
MlB — Feb.,  08.  8  flga.  2600  w.  40c. 
Describes  the  pneumatogen  and  aerolith  types 
and  raanlts  of  the  BagUeh  teats  of  typical 
apimratM. 

Ctoal. 

Coal  Duat  aa  a  Cauie  of  Mine  Bxploslont, 
Day  Allen  Wniey.  8c  Am — ^Feb.  1,  08.  2800 
w.  20c. 

Coal-Mlne  ExpIoBlons.  Their  Cause  and 
Provoiitlon.  I.,awren(e  Brett.  .Mines  &  .Min 
—  Keb.,  08.  3600  w.  40c.  Discusses  special 
condition*  that  oifat  in  the  mines  of  Kan* 
sas. 

Leasing  the  FMeral  Coal  Lands.  H.  Poa- 
ter  Bain.  Mln  A  8c  Pr^an.  11.  08.  8000 

w.  20c. 

The  Cause  of  Coal  .Mine  Explosions.  Wil- 
liam Griffiths.  Eng  &  .Mln  Ji — Feb.  8,  08. 
600  w.  20c. 

The  Middlesboro  Coal  Field.  Kentuclcy. 
John  Howard.  Bng  ft  mn  Jl — Jan.  18,  08. 
3  figs.  2500  w.  20c.  Deaerlbea  a  dlatllct 
possesBlng  a  S-foot  seam,  which  Is  mined  en« 
tlrely  by  drifts  and  i^Ioin  s. 

The  Waste  of  T.fte  in  .\merican  Coal  Min- 
ing. Clart >iM,.  U.ill  and  Waiter  O.  Snelling. 
Eng  Mag — Feb..  08.  5000  w.  40c.  Dls- 
cuHsion  based  upon  the  careful  studies  and 
exhaustive  data  assembled  by  the  exploelTee 
expert  and  the  exploslre  chemists  of  the 

U.  S.  Oe<iln;d<al  Survrv. 

Commltiiig  Kngliut'r'H  Fuuctiuns. 

Functions  of  the  Consulting  .Mining  Bn- 
glneer.  Allen  B.  Rogers.  Bng  &  Min  Jt — 
Feb.  8,  08.    2200  w.  20c. 

Copper, 

Analysis  of  production  of  Two  Great  Cop- 
per Mines  (Calnraet  A:  Becla  and  Anaeonda). 
Mln  A  8c  Pr— Feb.  1.  08.   1000  w.  20r 


The  Evergreen  Copper  Deposit,  Colorado, 
-  Etienne  A.  Rltter.  Bull.  Am.  lust.  .M.  E. — 
Jan..  08.  12  flga.  2700  w.  $2.00.  Paper 
read  at  the  Toronto  meeting.  July,  07. 

The  Cerro  de  Pasco  Mining  Dlstr^c^  P. ni. 
Clarence  C.  Sample.  Eng  &  Min  Jl — Jau. 
18,  08.  6  figs.  2400  w.  20c.  Describes 
an  ancient  silver  camp  situated  at  an  alti- 
tude of  14,000  ft.,  now  the  scene  of  Olten- 
sive  copper  mining  and  smelting. 

The  Nevada  Copper  Fields.  A.  Seiwyn- 
Brown.  Bng  Mag — Feb.,  08.  14  figs.  8200 
w.  40e.  A  deacrlptlTO  review  of  one  of  fho 
newest  and  most  important  eopper-heartng 
regions. 

The  White  Horse  Copper  Belt  in  the 
Yukon. — II.  Wm.  J.  Elmeadorf.  Mia  Wld 
— Fob.  1.  08.   6  flga.  1000  w.  80e. 

Drills. 

Drills  for  Stoping.  Mln  &  Sc  Pr — Feb.  1, 
08.    1400  w.  20c. 

High  Ts.  Low  Pressure  for  CoraprssMd 
Air  In  Mtnee.    Robert  B.  Brtnsmade.  Bng 

A  Mln  Jl    Jan.  IS,  0?.    1  flg.    1300  w.  20c. 

Small  Stupe  Drills.  Miu  Jl  -Jan.  18.  08. 
27nO  w.  Jan.  l-'.">.  4  flga.  1400  w.  Feb.  1. 
■J>  ttgm.  500(1  w  Kach  40c.  Paper  read 
before  tln'  Ctiemical.  Metalturgtcal  ft  lti«t«|f 
Society-  of  South  Africa. 

The  Air-Hammer  Rock  Drill  and  Its  De> 
velopment.  T.  B.  Bumite.  Mln  Wld — Jnn. 
18,  08.    1100  w.  20c. 

The  Merits  and  Demerits  of  Air-Ham mer 
Drills.  Q.  E.  Wolcott.  Eng  &  Min  Jl— Feb. 
15,  08.   7  figs.   8500  w.  20c. 

Explosives  for  MlnfnK  Work. 

The  Conipohiiiou  and  Properties  of  Min- 
ing ExploRlves.  W.  H.  Graves.  Min  Sc — 
Feb.  P',  (^^.  1400  w.  20c.  Descrihes  the 
charai  trii^tirs  ami  uses  of  dell.ncratinK  and 
detonating  varieties  and  gives  simple  tests 
far  determining  the  quality  of  powdors  and 
their  combustible  contents, 

Finnic  Construction. 

Notes    on    I'luiui'    Cr-nistrnrt  ion.     W.  C. 
Ralston.     Mines  &  Min — Feb.  7,  08.     4  . 
flgs.    800  w.    20c.    Gives  cost  data  tor  a 
4  X  8-ft.  flume  2  miles  long. 
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^e«^^  for  ''Uy. 

^    STKUCTUfV^L  SHAPES  ^ 

Rut  Sai£  Br 
Tut  Boee-  CoMPurm  Salk  AaeMcv 

New  YoifK  Crrr. 
PRICE   i  100 


Edge's  Weight  Computer 

for  Structural  Shapes— Pw^  $1.00 

"A  Very  Useful  and  Helpful  Instrument." — Nelson  Cotistrudion  Co, 

It  will  calcniate  without  error  the  weight  of  iitmctnral  shapes  of 
any  length,  without  multiplication  ur  rcrerence  to  books  or  tables 


THE  weight  of  any  plate,  from  a  small 
filler  to  the  largest  rolle<l  web  plate, 
can  be  found  in  four  or  five  seconds. 
As  shown  in  cut,  the  weight  of  a  plate 
4X^  in.  X  10  ft.  is  68  lbs.  The  Computer  is 
so  arranged  that  the  weight  of  an  angle  of  any 
length  can  be  found  with  equ.-tl  rapidity.  The 
thickness  of  the  angle  required,  found  on  the 
small  tab  on  the  upper  disc,  is  brought  oppo- 
site a  point  on  the  lower  disc  representing  the 
sum  of  the  two  legs  of  the  angle,  and  the 
weight  read  directly  opposite  the  length,  as 


with  plates.  The  weight  of  beams  of  any 
length,  when  weight  per  foot  is  known,  is 
found  by  bringing  the  arrow  on  the  upper 
disc  opposite  a  point  on  the  lower  disc  corre- 
sponding to  the  weight  per  foot,  and  the  result 
scale  opposite  the  length  of  the  beam  gives  the 
required  weight. 

Krrors  are  entirely  eliminated  :  weights  are 
definitely  marked  on  the  result  scale. 

The  Computer,  about  four  times  as  rapid  as 
a  slide  rule,  will  Rave  its  cost  in  two  or  three 
days. 


The  Edge  Computer  Sales  Agency,  Room  '9K,  220  Broadway,  New  York 
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Oedogleal  Ssnrey  and  the  Miming  InOostiy. 

The  PoaslbilUles  and  Limitations  of  Geo- 
logical Survey  Work  ae  Applied  to  the  Min- 
ing Industry-  Geo.  Otis  Smith.  Mln  A  SO 
Pr— Nov.  23.  07.    3900  w.  20c 

DoTelopment  of  the  Bonanza  Crepk  Gold 
Mints.  Franela  C  Nleholaa.  Min  Wld — Jon. 
18.  08.   6  flgi.   1500  w.  20e. 

Methods  and  Equipment  for  Prospecting 
Placers.  H.  C.  Ludlum.  Min  Wld — Feb.  1. 
08.   11  flgs-  S4I00  w.  lOe. 

Mining  Practice  at  Knlgoorlle,  West  Aus- 
tralia. Gerard  W.  WllliamB.  Eng  &  Mln 
Jl— Jan.  25,  08.  3  figs.  2100  w.  20c. 
Describes  the  extraction  of  the  tellurlde  ores 
1v  Bistliods  iQsarinK  perfset  TsmtUatlMi. 

Tins  Cripple  Creek  Dlatrlet  of  To*4a7. 
Hugh  T.  Van  Wasenen.   Htn  ft  Mta  (Den- 

Ter)— Jan.  10,  08.    2  figs.    3000  w. 

The  Economics  of  the  Deep  Ls^^ 
Mines  of  the  Rand.    B.  J.  CoIHbbb.   Mill  Jl 

— Jan.  11.  08.    1100  w.  40c. 

The  Great  Gold  Mines. — II.  Mln  ft  Sc  Pr 
— m.  1.  08.   8  flga.  8800  w.  SOe. 

The  Walhl  Gold  Mines  In  New  Zealand. 
— II.  Ralph  Stokes.  Mln  Wld — ^Jan.  18,  08. 
•  flga.   1800  w.  80c. 

Gtaphlte. 

Canadian  Graphite.  H.  Mortimer  Lamb. 
Bus  ft  Mln  Jl— Feb.  18.  08.  8100  w.  SOe. 

Beisting  and  Handling  Maclilnery. 

A  H^dling  and  Dumping  Syst«m  lor 
Mine  Cars.  O.  V.  Greene.  Min  ft  Minerals 
—Feb.,  08.  5  figs.  2800  w.  40c.  De- 
aeribes  a  meOiod  ef  combining  tlie  oar  liaul 
and  danptng  appanttts  and  aaTing  mnch  «t- 
penae  In  tipples. 

Chains  and  Cross-bars  for  Handling  Mine 
Cars.  O.  V.  Greene.  Eng  ft  Mln  Jl — Feb. 
8,  08.  6  figs.  2S00  vr.  20c  Describes  ap- 
paratua  la  which  steel  bars  across  the  track 
peril  the  cars  oTsr  an  antomade  dnmping 
device  to  a  swift-lift  transfer. 

Safety  Devices  for  Mine  Hoists.  U.  P. 
Swinburne  and  Associates  Eng  &  Min  Jl — 
Jan.  IS.  OS.  2  flea.  1800  w.  20c.  Con- 
cluding portion  of  the  report  of  the  Trans- 
vaal Commission.  Dtseoasea  control  of  apeed 
In  hoisting  and  th^  preventUm  of  over- 
winding, signal  syst«»n!s  for  engineers,  etc. 

The  Grecno  St'lf-Dumijiug  Car  Haul.  Ir 
Age — Jan.  SO,  OS.  9  ngn.  2800  w.  20c. 
Describes  a  new  system  of  handling  and 
damping  mina  can. 

Lead. 

The  Oreenalde  Lead  Mines,  Cumberland. 
Bngland.   B.  Thomas  Borlase.  Bag  ft  Mln 

Jl — Feb.  8,  OS.    C  flg.s.    2700  vr.  20c. 

Velocity  of  Galena  and  Quartz  Falling  In 
Water.  Kobort  H.  Richards.  Alln  &  .Min- 
erals—Feb.,  08.     2  figs.     1600  w.  4UC. 


Deecrfbee  lalioratory  expertmentt  and  glvae 
mathematical  demonstration  of  a  new  for- 
mula. 

liettttcnlsr  FHcadoo  Veins. 

Some  Interesting  Experiments  with  Ore- 
Bearing  Veins.  Arthur  Lakes.  Min  Sc^ — 
Jan.  30,  08.  3  figs.  1400  w.  20c.  De- 
.scribes  the  occurrence  and  pecullaritisa  of 
lenticular  piicatinn  velaa  Itt  Idaho,  togetlier 
with  tlielr  mining. 

Mine  Sarreylng. 

Mine  Surveying.  C.  E.  Morrison.  Mines 
ft  Mln  (DenTer) — Jan.  10.  08.  8  figs.  8800 
w.  80o.  Trom  tbe  Coimnbla  fltabool  of 
Mlnee  Quarterly,  Not.,  07.  Discusses  the 
subject  with  special  reference  to  shaft  sur- 
Toytakg. 

Mine  Values,  Calculation  of. 

Calculation  of  Mine  Values.  R.  B.  Brins- 
piade.  Bull.  Am.  Inat  M.  B.  8800  v. 
92.00. 

Ore  Testing. 

Ore  Testing  ai  SalL  Lake.  Ernest  Gay- 
ford.  Mln  ft  8c  Pr — ^Jan.  25,  08.  6  figs. 
1800  SOa 

Pnddllwg  Wet  flhaflfc 

PnddUng  a  Wet  Shaft  Henry  Bouialn. 
Mln  ft  Be  Pr— Jan.  25.  08.  1  fig.  1600 
'.V,    ?nr>.    Gives  n^'tiiodB  succesBfully  nsod 

in  a  British  Columbia  mine. 

Shot-Ptrinic  Pnae. 

Xew  Fuse  for  Increasing  the  Safety  of 
.Shot-Firing  in  Fiery  Mines.  Coll  Guard 
— Jan.  24,  OS.  3  figs.  1500  w.  40c.  De- 
8cribe.s  a  safety  fuse  to  prevent  miss-flres  by 
Igniting  the  blasting  charge  along  its  whole 
length,  and  not  merely  at  one  point,  by 
means  of  a  leaden  deHmatlng  tab*'  cbargad 
with  trlnttrotolnemk 

Silver. 

Genesis  of  the  Lake  Valley.  N.  M.,  Silver- 
Deposits.  Charles  B.  Keyes.  Bull.  Am. 
Inst.  M.  B.  Jan..  08.  7  flga.  7600  w. 
$2.00.   Paper  read  at  the  Toronto  meeting. 

July,  07. 

The  Moalezuma  Mining  District,  Colo- 
rado. Etlenne  A.  Ritter.  Eng  &  Min  Jl — 
Feb.  1,  08.  3  flgs.  1300  w.  20c.  Gives 
details  of  a  lead-silver-zinc  camp  on  an  ex- 
tension of  the  Georgetown  and  Silver  Plume 
Mlneml  BelL 

flUato  Mining. 

Slate  Mining  in  Wales  and  Cause  of  Its 
Decline.  Eng  ft  Mln  Jl — Jan.  18,  08.  8 
figs.   1400  w.  SOc 

Tin. 

Notes  on  Tin.  L.  A.  Humboldt  Seiton. 
Mech  Engr — Jati.  3,  OS.  3  figs.  4000  W. 
40c.  Describes  the  physical  and  chemical 
properties  of  tin,  the  stannJferoas  mlaerala 
and  their  diatrlbotlon. 
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Architects^  and  Builders^  Magazine 


'IIIS  Magazine  in  devoted  to  describing  and  illiutnitiiig  the  artiiCiey  technicil  and  coo- 
fitrucUve  features  of  modern  boildisg. 

While  it  giTH  eoiuidflinble  ipaee  to  fllnatratiom,  H  ia  by  no  meau  «  mere  pietare 

book,  btit  enters  carefully  into  all  the  conBtructive  and  engineering  featnrefi  of  its 


boUdin^,  such  aa  foundatioos,  fireproofing,  etc.,  giving  the  best  practice  of  the 

leading  arehlteoti,  engineen  and  Iniilden. 

In  addition  to  treatiti^  recent  Btructures  in  this  full  and  elaborate  manner,  there  appear 
from  month  to  mnntJb  Rerial  and  sppcial  articles  on  technical  »ubj«?t«,  legal  questions  affecting 
architects  and  builders  and  other  mattere  of  current  interest. 

The  aim  of  the  pablishers  being  to  furnish  an  up'to-date  monthly  lepraientiog  the  latest 
and  best  ideas  of  the  arehitectoral  profession. 

A  new  article  on  Fireproof  Construction 

started  with  October  Number. 

IssQed  Monthly  at  $2.U0  per  year.   Canada  $2.50.   Foreign  Subecriptions  $3.00  per  year.  Single 

Ctopiae  90  eenti. 

WILLIAM  T.  COMSTOCK,  Publisher 

23  WARREN  STREET.  NEW  YORK 

tW  Send  for  Sample  and  CUb  CatatofM  B,  wHh  term*  for  Magaajne  and  Technical  Library 

on  •mail  monthly  paymente. 


Thare  it  a  noMtm  why 

MINES  AND  MINERALS 

has  a  larger  paid  circulation  among 

Mine  Owners  and  Mine  Officials 

than  any  other  mininfi:  journal 

The  reason  jg 

Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better  illustrated,  than  any  other 

It  is  devoted  exclusively  to  practical  Mining  and  Metalluigy 
Sitbicriptiffii  Price,  $2.00  per  year  Sample  copy  on  request 

MINES  AND  MINERALS 

DENVER,  COLO.  SCRANTON,  PA. 
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RFFl  SE  DESXBUCnON. 
MUwankee  Data. 

Qarbage  Disposal  Id  Milwaukee.  Eug 
Rec — Jan.  26,  08.  2700  w.  20c.  OItm 
data  on  the  cost  of  inciDeratlng  garlMiO 
from  a  report  by  Dr.  R.  Horlng. 

BOAD9. 

Avhalt. 

Compressed  Rofk  Asphalt  I'sed  on  Lon- 
don Roadways.  S.  A.  loniUes.  Mln  Sc — - 
Feb.  C,  OS.  3  figs.  1600  w.  20c.  Dls- 
criHses  its  advantages  over  the  Pltch-^and 
Variety  of  American  and  Em  oiH  an  Manu- 
facture together  with  its  preparation  aad 
method  of  laying  and  preparing. 

The  Detailed  Coat  of  a  Seaaon'a  Work 
Laying  Asphalt  PaTemeuta,  Labor  and  Ha> 

terials  Itemized  Separately.  F.  B.  Puffer. 
Eog-Contr — Feb.  B,  08.    13(JI>  w.  20c. 

The  Municipal  Asphalt  Repair  Plant  of 
New  Orleana — Its  Coot  and  Data  on  Its  Op- 
eration. Eug43ontr — Feb.  5,  08.    1  fls. 

3100  w.  20c. 
Pavements,  Comparison  of. 

Hysteria  In  Regard  to  Pavements.  Clif- 
ford Richardson.  Eng  itec — Feb.  15,  08. 
1  flg.  2800  w.  20c.  Discusses  the  tend- 
ency of  the  public  to  neglect  proper  conatd- 
eratlon  of  the  available  evidence  In  r^wrd 
to  the  merits  of  different  forma  of  pavement 

Pavement  Guarantiee. 

niegal  Guaranties  of  Pavements.  J.  W. 
Howard.  Man  Bngg — Feb.»  08.  2100  w. 
40c.  A  eompilatloin  of  lagtl  doelaloBi  on 
gtiarantleo  of  paTomenta  paid  by  aMew- 
menta. 

■Street  Oleaaiaf  Sat*. 

Data  on  Street  Cleaning  at  flt.  Loiila,  Mo. 
Sngg'Contr — Jan.  16,  08.   3000  w.  SOe. 

Tar  aod  Oil  on  Roada. 

Data  on  OtUng  Park  Roadwajra  at  Kanaaa 

City.  Ifo.  Bng-Contr — Jan.  22.  08.  800 

w.  20c.  From  a  report  to  the  Board  of 
Park  Commissioners  by  W.  H.  Dunn.  Super- 
Jnteiuleiit  of  Parks. 

Experiments  with  Tar  and  Oil  on  the 
Highways  of  Rhode  Island.  A.  H.  Blanch- 
ard.  Eng  Rec— Fob.  s.  08.  1  flc  3300  w. 
20c.  Paper  read  before  Sectioji  n  of  the 
American  Association  for  the  Advancement 
of  Science.  . 

SUBWBRAGE. 

Bacterial  Coant«. 

The  Sipniflonnce  of  Barf^rlal  Counts. 
Bug  Rec-  Feb.  1.  OS.  1100  w.  20c.  From 
a  report  by  S.  De  W.  Gage,  biologist  at  the 
Lawrence  Experiment  Station. 

Baltimore  Sewerage  Works. 

A  review  of  the  Seweragre  Problem  of  the 
Cltjr  of  Baltimore.  Bsra  B.  Whitman.  Cor 
CMI  Kngr-San.,  08.   1  flg.   6400  w.  20c. 


Progron  on  the  Baltimore  Seworai* 
Works.    Bng  Ree — Feb.  8,  08.   7  flgs.  1600 

w.  20c. 

Boeton  Sewage  Purification. 

Pariflcatlon  of  Boeton  Sewage:  Experl> 
mental  Reaulta  and  Practical  PoaalbiUtlea. 
C.  B.  A.  Wlnalow  and  Xarle  B.  Pbelpa.  Jl 

of  Assn  of  Engg  Socs — Jan..  08.  9500  w. 
60c.  Read  before  the  Sanitary  Section  of 
the  Boston  Soc.  C.  E.,  Nov.  16.  07. 

Chica0>  Draiaace  Canal. 

The  Ftttnre  of  the  Chicago  Drainage 
Canal.  Eng  News  Fel).  13,  08.  1  flg. 
5000  w.  20c.  Editorial  discussins  the  in- 
creased work  possible  should  a  flow  of 
14.000  cu.  ft.  per  sec.  be  permitted. 

Ejector  for  Lifting  Sewage. 

Pneumatic  Ejectors  for  Lifting  Sewage. 
Surv — Jan.  3,  08.    3  figs.    2000  w.  40c. 

Lofl  Ajigeles  OwtfaO  Sower. 

The  Completion  of  the  Los  Angeles,  Cal., 
Outfall  Sower.  Eng  Rec — Jan.  25,  08.  5 
figs.  4  2  00  w.  20c.  Describes  the  construc- 
tion of  a  new  12-miIe  outfall  sewer  for  con- 
veying the  houae  aewaga  of  the  dtjr  to  the 
Pacific  Ocean. 

New  Orleam*  Suit. 

The  New  Orleans  Sewerage  Case,  Alex- 
ander Potter.  Mun  Engg—Feb..  08.  2400 
w.  40c.  DIscuBses  court  decision  in  a  suit 
arising  out  of  the  oonatruction  of  the  aewer* 
age  eystom  for  tiio  dty. 

Septic  Tjink-H. 

A  Reinforced  Concrete  Septic  Tank  at 
Ithaca.  N.  Y.  Bng  Roe— Fob.  1.  08.  3  flgi. 
1400  w.  20c. 

Sewerage  at  Ithaca.  Mun  Jl  &  Engr — 
Feb  5,  OS  3  figs,  2700  w.  20c.  De- 
scribes and  illuBtrateR  the  reinforced  con- 
crete Beptic  tank  system  used. 

The  Cameron  Septic  Tank  Patent  Sus- 
tained by  the  Court  of  Appeals.  Eng  News 
— Jan.  23»  08.  7600  w.  20c.  BztracU 
from  the  court  dedslon,  with  edltortal  com* 

ment. 

Scnage  Disposal  Planta. 

Sewage  Disposal  Plant  at  the  Ifootafloro 
Santtarlam.  Bng  Rec — ^F»b.  IS,  08.  8  flga. 
1600  w.  80c. 

Sewage  Disposal  at  Woroeater,  Mass.  Mun 
Jl  &  Engr — Jan.  22,  08.  4  flgs.  2000  w. 
20r.  Desoriln's  the  sand  flitters  used  in  con- 
nection with  the  old  chemical  precipitation 
plant 

Sewerage  and  Sewage  Disposal  at  FHlr> 
moat.  Minn.   A.  Marston.   Bug  Reo — ^Fab. 

1,  OS.  5  figs.  1000  w.  20c.  Describes 
system  designed  for  a  city  of  3,000  inhabit- 
ants. 

» 

Sludge  IHspoeal. 

Notes  on  Sludge  Disposal.    Geo.  W.  Ful- 
ler.  Bug  Reo — Jan.  18.  08.   2600  w.  20o. 
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Ths  Scientific  American 

promptly  chronicks  every  item  of  news  concerning 

The  Industrial  Development  of  the  World 

IT  is  unique  among  periodical  literature  because  of  the  authoritative  infof' 
mation  it  contains  tnat  cannot  be  found  elsewhere  regarding  Scientific 
Mechanical  and  Engineering  Progress.  It  is  a  favorite  in  the  Home  because 
its  news  of  the  great  achievements  of  the  day  is  popularly  and  practically 
told,  thus  interesting  the  entire  family.  In  a  word,  the  "Scientific  American  ' 
is  a  distinctively  American  Weekly  for  the  enlightened  American  at  home 
or  abroad.  Subscription  price,  $3  per  year  to  any  address  in  the  United  States. 


Valuable  Books 


to  New  Subscribers 


SCIENTIFIC  AMERICAN  REFERENCE  BOOK,  by  Albert  A. 
Hopkins  and  A.  Russell  Bond.  12mo,  516  pages.  "Is  a  veritable  gold 
mine  of  knowledge  on  almost  every  conceivable  subject  under  the  sun." 
— Pittsburgh  Post. 

SCIENTIFIC  AMERICAN  BOY,    by  A. 

Russell  Bond.  l2mo,  320  pages.  "The  book  is  a 
volume  of  pwacticail  directions  by  means  of  which 
the  outdoor  boy  can  fit  himseir  out  for  aJl  kinds 
of  sport." — New  York  Times. 

HOME  MECHANICS  FOR  AMATEURS, 

by  George  M.  Hopkins.  I2mo,  370  pages.  "The 
book  may  be  commended  for  its  practicability  and 
suggesiiveness." — New  York  Tribune. 

The  books  are  beautifully  and  substantially  bound 
in  cloth,  and  cannot  be  purchased  at  bookstores  for 
less  than  $1.50  each. 


OUR  OFFER 

IF  YOU  will  tend  m 
$3.00  in  p«yiTient  for 
a  nrw  subscription  for 
one  y  e  *  r  commencing 
J«nuftry  I.  1908,  we  will 
send  you  any  one  of  the 
books  absolutely  free,  and 
also  send  you  the  remain' 
ing  issues  of  the  "Scien» 
tific  American "  for  the 
year  1907  from  the  lime 
your  order  is  received 
without  additional  cosL 
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Suspended  Sewer.  Can  Bngih^Feb.  7,  08. 
8  figs.  1200  w.  20c.  Describes  a  steel 
pipe  Bcwor  suspended  from  the  floor  beaiDI 
of  a  bridge  over  a  ravine  in  Toronto. 

WATER  SUPPLY. 

Gboton  DnriBaiiB  Area,  Capacity  of. 

Bow  Large  ft  Water  Supply  Can  fie 
Drami  from  Croton  Dn&iage»  New  Tovk 
City,  Alfred  D.  FU&n.  Bbk  News — Feb. 
€.  08.   8  flsB.   8000  w.  lOe. 


Bsperlencea  in  tlie  FrMtloel  Operatlona 

of  a  Mechanical  Filter  Plant.    C.  H.  Cobb. 

Bng  News — Jan.  30.  08.  ITOO  w.  20c. 
Abstract  of  a  paper  read  before  the  Illinois 
Society  of  Engineers  and  Sunreyon,  CiiBm« 
paign.  111.,  Jan,  15-16,  08. 

Purifying  Water  for  Laundry  Purpoaee. 
Watei^an.  16,  08.    1600  w.  40c 

The  Cincinnati  Water  Purification  Plant. 
Bng  Rec—Feb   1,0?.    4  figs.    900  w.  ?t)c. 

The  Dldelt  a  Ke.£,'Lilator  for  I^lter-Beds. 
Engg — Jan.  17,  uS.  iipg.  noo  w,  40c. 
I>escrlbea  apparatus  for  maintaining  a  con- 
■twt  rate  of  flow  throvslk  tend  fllteri. 

Itaetii  I  iilr.  Portland,  Me. 

The  Water-Works  of  Portland,  Me.  W. 
P.  Hardcsty.  Eng  News— Feb.  6,  08.  4 
figs.  5000  V.  20c.  Describes  In  detail 
tiie  reetnreir  lyatem  and  gravity  pipe  line. 

Small  W'ater-Work«. 

The  Construction  of  Small  Water-Works. 
Engg— Jan.  31,  08.  10  figs.  2400  w.  40c. 
Describes  a  Scottish  example  of  works  so 
situated  that  a  good  gravitatfon  eoyply  caa 
be  utilized. 


TnbMrcnlatlon  In  Pipes. 

Tuberciilatlon  and  the  Flow  of  Water  in 

Pipes.  Eug  Rec — ^Jan.  25,  OS.  1600  w. 
20c.    Gives  data  collected  by  N,  A.  Hill,  Jr., 

on  the  lessening  of  flow  due  to  deposita  In 
water  plpea. 

MISOBLLANBOU8. 

British  Mimidpol  Work,  10O7-1M8. 

Municipal  Engineering  in  1907.  Surv — 
Jan.  31,  08.  35,000  w.  60c.  Gives  a 
coiuprehen;:!  >  L  iiialuinent  of  Uritina  muni- 
cipal worics  projected  for  the  current  year, 
together  with  a  number  of  specially  con- 
tributed articles  dealing  with  the  work  of 
the  past  year  as  regards  electrical  progreoa, 
mmiclpal  and  public  bnildinga,  recent  de* 
▼elopments  in  conatmetioiii»  refnae  dlapoMd. 
roede  end  bridges,  sewerage  and  aewage 
dlapoeal,  atreet  lighting,  tiamwaya  and  wa^ 
ter  supply. 

CMe  Centers. 

CiTlc  Centers  and  ll^e  Grouping  of  Pub- 
lic Buildings,  with  a  Suggestlqn  r<  r  Bo  ton. 
Stephen  Child.  Jl  Asen  of  Engg  Socs — 
Jan.,  OS,  7  liKs  l^OOO  w.  40c.  Read  be- 
fore the  Boston  Society  of  CItU  Engineera, 
Not.  20.  07. 

Maniclpri  BiwlMeffliMt  In  Genmuv* 

Menloipal  Bnglneerlng  in  Oefaaany.  O. 

B.  Wlke.  8tir7 — Jan.  10,  08.     5S0O  w. 

40c.  A  summary  of  Information  obtained 
during  the  author^s  visit  to  the  International 
Congress  of  Hygiene  and  Demography,  held 
in  September  last  at  Berlin  and  Hamburg.  A 
report  to  the  Highway  and  Sewerage  Coni' 
mittee  of  the  SbefBeld  City  CoundL 


RAILROAD  ENGINEERING 


OONSIBUOnON. 

Austria. 

The  New  Austrian  Alpine  Railways.  Bngr 
(Lond) — Jan.  17,  OS.  15  figs.  4400  w. 
40c.  Describes  new  Government  roads  for 
the  improvement  of  the  meana  of  eommnni* 
cation  with  Tries t. 

British  Ootanbia. 

Grade  Revision  on  the  Canadian  Pacific 
Railway  in  British  Columbia.  Eng  News — 
Jan.  fS,  08.  2  flga.  ISOO.  20e. 

central  .Imerlra. 

A  Central  American  Railway.  Theodore 
Pascbke.  En^  Hoc — Jan.  IS,  OS.  3300  w. 
20c.  Paper  presented  by  the  Costa  Ri<»in 
delegation  to  the  recent  Central  American 
Peace  Conference.  Describes  a  proposed  line 
and  suggests  methods  of  prooadttre  for  ao- 
compiishiug  the  conatmctlon, 

Florida  Kmst  Ctmnu 

Key  West  Extension  of  the  Florida  East 
Coast  By.  Ry  ft  Bng  Rer — Jan.  18,  08.  0 
figs.  1600  w.  SOe.  OlTee  Ulaatratlone 
ebowfag  iwogreia  of  conatrnetion. 


liofatlon  and  Oenatnctioii* 

Railway  Location  and  OonatraeUoB.  & 
W.  Wagner.  Blee  Jl — jPeb.,  08.  6  flga. 
1700  w.  20c.  Outilnea  the  methode  em- 
ployed in  field  work. 

Ontario. 

Construrtion  of  the  Guelph  &  Goderlch 
Railway.  J.  Grant  MacGregor.  Eng  Rec — 
Jan.  18.  08.   4  llga.  2(00  w.  20e. 

nitlippines. 

Railroad  Construction  in  the  Philippine 
Islands.  L.  F.  Goodale.  Ry  Age — Jan.  31, 
08.  10  figs.  3800  w.  20c.  Describes  the 
new  work  recently  aocoapUabed  and  the 

methods  employed. 

Portland  &  Seattle  Ry. 

The  Construction  of  the  Portland  &  Scat^ 
tie  Railway.  W.  P.  Hardesty.  Eng  News — 
Feb.  1,  08.  8  figs.  6500  w.  2  0c.  De- 
acrlbea  the  construction  of  a  220-mile  line 
rnanlng  along  the  Columbia  River  and  con* 
neetlng  with  the  N.  P.  Ry.  at  Keuiewiek« 
Waah.,  gtring  a  abort  line  to  the  IBaat  from 
Portland. 
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Archltecte'  and  Engineers'  Supplies: 
B«B  A  Buff  Co.,  BottoD,  Maaa. 
C.  M.  Hlnina  A  Co..  2tl  9tb  St,  Brooklra.  N.  T. 

Kolwich  &  Co.,  138  FuUon  St..  New  York, 
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Compressed  Air,  New  York. 
Concrete  Engineering,  Cleveland,  Ohio. 
Electric  Railway  RoTlOW,  dUoSflOi, 
Electrical  World,  New  Tort. 
EnKineerinR-ContractIng,  Chicago, 
Engineering  .News,  New  York. 
Engineering  Record,  New  York, 
ladnainal  Magastne,  Park  Row  ' 
Inn  Age,  New  York. 
PncreMlye  Age.  New  York. 
Ballway  Age.  Chicago. 

Phonograplis: 
DnpUx  Phonogngli  Cn.,  S08 

Mich. 

PUlng,  Steel: 
Wemllnger  Steel  Piling  Co.,  Bowling  Green  OSloes,  N.  T. 
Pumps: 

Rife  Hvdraiil  c  Ram  Co.,  R  ,  2190  Trinity  B.,  New  TOrt. 

Ihinclies,  Ilydraolic: 
Richard  DudKcon.  2i!  Columbia  St,  New  York. 

Hailwuy  Supi>lies: 
American  liy.  .Supply  Co.,  24  Park  PI..  New  Tork. 

Schools  and  Colleges : 
Armour  Institute  of  Technology,  Chicago. 
Clarkson  School  of  Technology.  PotadaB,  N>  T. 
Lebigh  ITuiverslty,  South  Betblohem,  Pa. 
Ohio  Northern  UnlTerslty.  Ada.  Ohio. 
Rensselaer  Polytechnic  Institute.  Troy.  .N.  Y. 
Rose  Polytechnic  Institute,  Terre  Haute,  Ind. 

Signal  Wire: 
Hablrstaaw  Wire  Co.,  253  Broadwar.  New  Tort. 

Steel  PiUag: 
Wanllnger  Ste«l  Piling  Oa..  BawUac  OfSM  OMSMk  N.  T« 

Rtnictumi  Steel  OoaqiimiPt 
Bdge  CompiiuT  Sales  Kgnuj,  880  Bnadwtj,  Naw  Ts(k> 

Talking  Machlaeg: 
Doplex  Pbonograpk  0«>.  808  Pattanes  St,  ICslsinssi»» 
Min,, 

Tanks.  Wooden: 
Baltimore  Cooper.is:'^  Co..  Baltimore,  Md. 

Testing  LnlKJratorics: 
IndUKtrlal  Laliorntorlen.  104  Front  St,  New  York. 
Meade  Testine  Laboratonr,  Nasarath.  Pa. 
Ificblgan  Technical  L«boratOt7,  Datnlt.  KMb. 

Time  Checks: 
Aaierican  Ry.  Supply  Co.,  94  Part  Pt,  Naw  Tsilb 
Tool  Steel: 

Wm.  Jes«op  A  Sons.  91  John  St,  N.  T. 

Towers,  Steel: 
Baltimore  Cooperage  Co..  Baltimora,  W. 

Tube  Expanders: 
Richard  Dudieon,  20  Columbia  St,  Naw  Tort. 

Vanadium: 
▼anadium  Alloys  Co.,  25  Bnad  >t,  Naw  Tart. 

Water  Supply: 
Rife  Hydraulic  Kam  Co.,  R..  2180  Trinity  B.,  Nsw  Tartb 

Wire,  Insulated: 
RaMrabaw  Win  Oow,  288  Bnadwajr,  Naw  Tort. 
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WasUagtiw. 

ReconnoisBance  Into  Okanogan  Mountains, 
Washington. — I.  Horace  F.  Brans.  Mln 
"Wld — Jan.  18,  08.    ICOO  w.  SOc. 

MWAGEMENT  AXD  OPKRATIOH, 

Operating  Time  and  Grade  Redaction. 

OpSTfttlns  Time  as  an  Blement  In  Con> 
aiderlng  Grada  Reduction.  Bag  Reo — ^Feb. 
1,  08.    3  flgs.    2000  w.    20c.    From  a  dl8« 

CUBsion  of  the  report  of  the  Comnnittoo  on 
Economics  of  Railway  Location  at  tiic  last 
meeting  of  the  American  Railway  Enfjineer- 
ing  and  Maintenance  of  Way  Association. 

Ballwar  Tntgrew,  1II0B>11H)0. 

A  Decade  of  American  Railroad  History  in 
Graphic  Form.  Harold  V.  Goes.  Eng  Mag 
— Feb.,  OS.  10  flgg.  2200  w.  40c.  Sets 
forth  in  grai)hi('  form  the  various 
fac*  Ill-wing  the  growth  of  American  rail- 
roads during  the  period  from  to  1905. 

POWKR  AND  EQUIFMEINT. 

Brakes. 

Cbaumonts'  Safety  Devices  for  Automatic 
Car  Brakes.  Organ  f  d  Bisenbatin — Jan., 
08.   8  figs.   8000  w.  81.ftO. 

Cbr  Constmction. 

Building  Wooden  Freight  Cars.  Am  Engr 
&  R  R  Jl — ^Peb..  08.  64  figs.  7500  w.  40c 
Olvea  an  extended  description  of  Che  metlH 
ods  emplofed  by  the  Canadian  Padfte  Rail- 
way, In  their  Angus  shops,  Montreal. 

The  Era  of  steel  and  the  Passing  of 
Wood  In  Car  ronBtrnctlon.  Arthur  M. 
Waltt.  Ry  Age — Jan.  2  4,  OS,  2,100  W.  20c. 
Fron)  a  paper  iireseiited  at  a  meeting  of  ttie 
New  York  Railroad  Club.,  Jan.  17.  08. 

0»r  Wlieel  Piillures. 

The  Car  Whef-1  and  Its  Relation  to  the 
Rnll.     S.  P.  Bush.   Rv  &  Eng  Rev — Jan.  25, 

o.'^  9  figs.  10.000  w.  20c.  Diteusses  the 
failure  of  ear  wheels  under  heavy  serrloe 
and  suggests  means  for  prevention. 

IIMght  Housofi  witti  Electric  Powor. 

Electrical  Power  In  Railway  Goods  Ware- 
houses. H.  Henderson.  El  Engr — Jan.  17, 
08.  10  flgs.  2100  w.  Jan.  24,  5  llgs.  2200 
w.  Eteeh  40e.  Paper  read  before  the  Insti- 
tution of  Bleetrtcat  Engineers. 

Ijc»oomotives. 

Italian  l-Cyltnder  Compound  Double- 
Bnded  Ix>comotive.  Ry  Age— 4  figs.  2200 
w.  20c.  Describes  a  new  type  of  balanced 
compound  locomotive  especially  ndaptecl  for 
express  and  freight  jservlcea  upon  t!ie  steep- 
est f^radi  8  In  mountainous  reLnui^ 

Layout  of  the  Link  Motion  of  the  Heu- 
h^liigr  r  I  \\  alschaert )  Valve  Cear.  L.  Baudis. 
Z  V  D  1— Jan.  2&.  OS.   7  figs.    1800  w.  COc. 

Locomotive  Peed -Water  Heater.  Am  Engr 
&  R  It  J  I-  Feb.,  OS.  5  figs.  1200  w,  4  0c. 
Describes  a  ( unsolldation  locomotive  on  the 
Central  of  ('.•  otlIs  Ky,.  fitted  with  a  heater 
of  the  Trevetblck  type. 

sujtcq, 


New  Compound  Express  Locomotives  on 
the  Eastern  Railway  of  France.  Ch.  Dentin. 
G<nle  Ciiil — Jan.  18,  08.  8  flgs.  3000  w. 
60«,  Describes  a  new  type' recently  tntro- 
duoed  for  speed  at  TO  mtles  per  hour  and 
equipped  with  Btipalre  hollers  provided 
with  Serve  tubes. 

New  Locomotives  of  the  North  Eastern 
Railway.  England.  Chas.  S.  Lake.  Z  V  D  I 
— Feb.  1,  08.   17  flgs.    4500  w.  60c. 

Pacific  Locomotive  for  the  Lake  Shore. 
Ry  Age — Jan.  24,  08.   4  flgs.   1600  W.  80c. 

Describes  a  heavy  type  of  locomotive  pro- 
vided with  a  combustion  chamber. 

Shay  Geared  Lonomothe.  Southern  Rail- 
way. Ry  Master  Mech — Feb.,  08.  2  flgs. 
700  w.  40c.  Describes  a  locomotive  par- 
ticularly adapted  to  the  heavy  grades  and 
sharp  curves  common  to  branch  coal  roads 
in  mountainous  districts. 

The  British  Locomotive.  A.  W.  S.  Graeme. 
Mech  Engr     Jan.  IS,  OS.    4200  w.  40e. 

The  I>evelopment  of  Superheating  Appa- 
ratus for  Locomotives.  J.  P.  Gairns.  CSSS 
Mag — ^Feb.,  08.    23  flgs.    4800  w.  40e. 

Tonnage  Rating  of  Loctamotlves.    B.  A. 

Worthlngton.  Ry  &  Eng  Rev — Jan.  25,  08. 
10  flgs.  8400  w.  20c.  Describes  a  very 
complete  system  of  tonnage  rating  which 
has  been  in  use  for  the  past  nine  years  on 
the  Hues  of  the  Southern  Paclflr  Company, 
Paper  presented  at  Jan.  meeting  of  the  Rail- 
way Club  of  Plttahurg. 

Motor  Cars. 

Gasoline  .Motor  Cars  on  Small  Western 
Roads.  St  Ry  JI — Feb.  1"),  OS.  1200  w. 
20c.  Gives  details  of  the  gasoline  cars  until 
traffic  has  been  developed  to  a  point  where 
an  electric  installation  Is  warranted. 

General  Electric  Gas-Electric  Car  for  Rail- 
way Service.  Ry  Age— Jan.  24,  08.  8  flgS. 
2  GOO  W.  20c. 

Motor  Car  for  the  Delaware   &-  Hudson 
Co.    Ry  &  Eng  Rev — Jan.  25.  08.    3  flgs. 
1900  w.    20c.    Describes  a  new  type  of 
gasoline-electric  motor  car. 
Passenger  Cars. 

Indian  Broad -Gage  Railways.  H.  Kelway 
Bamber.  Eiii;;i  Jan.  17,  08.  3 S  flgs.  1400 
w.      lOe.     Ciivt>s  details  of  th"  rolliiii;  stork 

used  for  third-class  passenger  transportation. 
Ralls. 

The  Shape  of  the  American  T-Rail  Pri- 
marily Responsible.   A.  "W.  Heinle.   Ind  Wld 

—  Fell  10,  OS.  2300  w.  20c.  Supgesta 
changes  in  the  general  shape  of  the  large 
American  'P-iail  which  Is  not  at  present  tn 
hnrmonv  with  fundamental  principles  of  roU- 
iiiK  and  prevents  a  natural  conformation  of 
the  metal. 

The  Roundhouse  of  the  Lehigh  A  Hudson 
River  Railway  at  Warwick,  N.  Y.   Bug  Rec 

— Feb.  8.  08.  9  flgs.  1200  w.  2ftc.  De- 
scribes the  construction  which  consistB  of  a 
flat  wooden  rnnf  supported  on  steel  and 
concrete  columns  and  concrete  walls. 

UNO. 
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THIS  CUT  shows  the  only  double  pump  Hydraulic  Jack  of 
this  form  on  the  market.   This  Jack  is  operated  in  the  usual 
way,  excepting  that,  when  both  pumps  are  used,  the  valve 
handle  must  be  turned  to  the  left ;  when  one  pump  only  is 
used,  it  must  be  turned  straight  downward.   The  lowering  is  done 
by  tumingr  the  valve  handle  to  the  right  or  by  using:  the  lever  in 


■i:;n;'ir 


RICHARD  DUDGEON 

Inventor,  JMteutee  and  Original  Manu/acturtr  of  the  Hydraulic  Jack, 
BROOME  AND  COLUMBIA  8TBEET8  NEW  YORK 


JESSOP'S  STEEI^ 

Wm.  Jessop  &  Sons,  Ltd. 

MANUFACTORY.  SHEFFIELD.  ENSUND 

CU«f  AMrican  Offica    91  Joha  SlfWt 

N«w  Yoric,  N.  Y. 


To  Secure  Good 
Results 
Buy  It 
For  Tools 
Ninins  Drills,  etc. 


JuMt  PublUlmd  New  Third  Edition 

REVISED  AND  ENLARGED 

Suplee's 

MECHANICAL 
ENGINEER'S 

REFERENCE  BOOK 

The  Latewt  on  the  Marhei! 


922  page*.   Over  400  IlliutratioM.    Bound  in  Limp  Le*Uier,  with  gilt  edge*,  $5.00  net. 

With 


SENDIFOR, DESCRIPTIVE  CIRCULAR 

Publishers         J.  B.  LIPPINCOTT  COMPANY  PhUadelphia 
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LooomotlTe  and  Car  Sbopa,  Kansas  ntv 
Bovthera  Railway.  PIttabnrg.  Kan.  Ry  Eng 
A  M  of  WaT^an.,  08.  8  flgi.  6000  w. 
SOe. 

Structural  Features  of  tho  Ilnilway  Shops 
at  Parsons,  Kan.  Eng  Rec — Jan.  26.  08. 
6  flgs.  1000  w.  80e. 

Signals  and  Switches. 

Automatic  Cab-Signaling  on  Locomotives. 
I.  J.  Pifctc  Kngr  (Lond)— Jan,  17,  08.  B 
flgs.    4000  w.  40c. 

New  Interlocking  Plant.  Hoboken  Ter^ 
mlnal  Tard,  Delaware.  Laekmwanaa  A  West- 
ern Ry.  Bug  Mewl — Jn.  SO,  08.  9  flgs. 
8800  w.  80e.  Deetvlbea  a  new  interlocking 
plant  wlilch  exhibits  some  novel  features, 
tending  towards  greater  tafety  and  dispatch 
of  operation. 

New  Rou'to-Locking  System  of  Interlork- 
Inpr  Signaling,  Hoboken  Termiaal,  Lacka- 
wanna Railroad.  Eng  Re»»Feb.  1,  08.  6 
flgs.     32  0  0  w.  20c. 

Transfer  Bridges. 

The  Weehawken  Transfer  Bridges  of  the 
West  Shore  Railroad.  Eng  Rec — Feb.  16. 
08.  7  flgs.  2400  w.  20c.  Describee  two 
new  double-track  timber  transfer  bridges  de-> 
signed  tor  sorvtee  fn  handling  tho  transfer  of 
cars  by  means  Of  floating  eQtllpment. 

Weed  Killing. 

KtlHng  Weeds  with  Chemteal  Solution. 

Ry  ft  Eng  Rev — Jan.  18.  08.  800  w.  20c. 
Describes  method  using  a  car  for  spraying 
tho  solution  on  the  roadway. 

6TRBBT  AND  BUBOKRIO  RAILWAYS. 

Oar-Tcstlng  Plant. 

Electric  Car-Testing  Plant  at  Worcester. 
Polytechnic  Institute.  St  Ry  JI — ^F<ib.  18,' 
OS.    3  flgs.    1900  w.  20c. 

Cars. 

Long  Single-Track  Cars  Without  Monitors. 
Elec  Ry  Rev — Feb.  1,  08.  10  figs.  2800  w. 
20e. 

Typical  Traction  Cars.  Charles  A.  Heron. 
Elec  Ry  Rev— Feb.  1,  08.  8  flgs.  1100  w. 
20c.  r)isr(i;^sc3  the  dlniniRions,  woieht  anil 
seatlrii;  i:(ri:ii  iiy  of  typiral  <'arrt,  based  ou  a 
ooni|ii;n*liin  niadf  li>  ttie  aufhor  from  meas- 
urements of  nearly  100  cars  used  by  various 
companlee. 

Chicago  EieTAt«d  Ltiop. 

Improvement  of  the  Union  Elevated  Loop, 
Chlca(:o.  Charles  K.  Mohler.  Ry  ft  Eng 
Rev — Feb.  8,  08.  1  flg.  2500  w.  20e.  De- 
scribes a  tentative  plan  for  the  Improvement 
and  extension  of  the  elevated  railroad  ser- 
vice in  the  business  district  of  Chicago. 

Conduit  OoastnictJoB. 

Keoent  Loudon  Conduit  r  ristructlon. 
Ry  Jl— Feb.   1.  08,     ll""   w.     20c.  De- 
grribpg  the  latest  Londi n   practice  In  OOn- 
duit  electric  railway  construction. 


The  Conduit  System  of  Electric  Tramway 
Construction  and  Recent  Improvements. 
Fltz  Roy  Roose.  EI  Engr — Jan.  17.  08.  7 
flgs.  2000  w.  40e.  Paper  read  before  the 
Junior  biatittttlon  of  Engineers. 

Electrically  Eqnli^ed  Reads. 

Electric  jRallways  In  Canada.  J.  L.  Payno. 
St  Ry  Jl — ^Feb,  1.  08.  8800  W.  80e.  An- 
alyzes the  record  of  the  Canadian  eompanlet 
and  points  out  the  possibilities  for  expansion 
olTered  by  Niagara  power  In  the  East  and 
the  rapidly  increasing  population  In  the 
West. 

Single-Phase  Electric  Railways.  M.  N. 
Ulakemore.  Elec  Jl — Feb.,  08.  1000  w. 
20c.  Oives  data  on  single-phsae  roads  al- 
ready bnllt  In  America. 

The  Roma  Clvita  CasteTlana  SluKle-Phase 
Railway.  B.  F.  Hlrschaner.  Elec  Rev— 
Feb.  15,  08.    6  figs.    3  000  w.    2  0c. 

The  Svrarnse,  Lake  Shore  ft  Northern 
Railroad.  K.  M.  Wharf.  St  Ry  JI — ^Fsh.  16, 
08.    3  flgs.    2500  w.  20c. 

The  Washington.  Baltimore  ft  Annapolis 
Single-Phase  Railway.  St  Ry  Jl— Feb.  18, 
08.    25  flgs.    3700  w.    20c  , 

Biectrifleatlon  of  Raflways. 

Electrification  of  Railwavs. — T.  G.  Kapp. 
El  Engr — Jan.  31,  08.  10  flgs.  5000  w. 
40C.  i.*'otiire  before  the  Royal  Inatitntlon. 
Jan.  18.  OS. 

Simple  Alternating  Current  Electric  9rao- 
tion  on  the  Railroads  of  Europe. .  M.  Henry. 
LlSMctTldon— ^«n.  4,  08.  «  flgs.  2800  w. 
Jtttt.  11.  08.  6  flgs.  3800  w.  Jan.  19.  08. 
4  flgs.  2600  w.  Bach  40c. 
Overhead  ConHtmctJon. 

A  New  Suspension  for  the  Contact  Wires 
of  Electric  Railways  Ualng  Sliding  Bows. 
Joseph  Mayer  .  Proc  Am  Soc  C  B — Dec.  07. 
10  flgs.  1800  w.  80e.  Paper  presented 
Feb.  5.  08.  before  the  Am.  Soc  C.  B.,  New 
York. 

Catenary  ("'MnstriK  tinn  on  the  Syracuse, 
K.  Y.,  Lake  Shore  and  Northern  Railroad. 
El  Ry  Rot — ^Feb.  8,  08.    5  figs.    1800  w. 

20c. 

Railway  Converter  Desiifn. 

Soin*'  Feiitiircs  of  Iv.'illway  Convortor  De- 
sign and  Operation.  J.  K.  Woodhrhli^e.  Proc 
ATE  E — Feb..  OS.  9  flgs.  1300  w.  80c. 
Paper  read  before  the  American  Institute  of 
BlectHcal  Engineers.  New  York,  Feb.  14,  08. 

Railway  Motors. 

A.  C.  Commutatlnfr  Motors  with  Special 
Reference  to  Railway  Motors.  M.  Osnos. 
BIek  Zeit — Jan.  9.  08.  6  flgs.  3000  w.  Jan. 
16.   12  flgs.   3000  w.   Bach  40e. 

Train  Pcfforiiianwi. 

Electric  Train  Performance.  W.  S.  Val- 
entine. Klec  Jl  -Feb..  OS.  2  flgs.  1600  W. 
20c.  Descrihefl  craphiral  tu.  thod  for  solv- 
1ns  problems  of  train  Derformance,  in  which 
the  work  is  mat<  r  aMv  lessened  by  the  use 
of  a  celluloid  templet. 
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THE  CONSTRUCTION  OF  THE  LACUNA  DAM, 
COLORADO  RIVER,  ARIZONA 


00NDBN8BD  PBXM  "mtmiHKUUtiQ  NEWS" 


The  Yuma  project  of  tbe  U.  S.  RecIamatioD 
Service,  of  which  the  I^gana  Dam  is  the  key, 
contemplates  the  irrigation  of  the  valley  lands 
of  the  Colorado  and  Oila  rivers  in  the  vicinity 
of  Yuma,  Ariz.  Surveys  made  AoriiiK  the  win- 
ter of  1903-4  showed  that  the  area  of  irrigable 
latid  on  both  sides  of  the  Colorado  River  was 
about  90,000  acres. 

The  Colorado  River,  aptly  termed  the  "Nile 
ot  America,"  presented  more  than  average  dif- 
ficulties to  the  engineers  of  the  Reclamation 
Service  in  the  plans  to  divert  the  water  from 
its  unstable  channel  to  the  adjacent  lands.  In 
the  course  of  many  centurlos  thn  river  had 
built  for  Itself  a  delta  to  Mie  Gvilf  of  Cftllfornia, 
consisting  of  saml  and  alluvial  uiud,  whose 
depth  in  tbe  Vuma  territory  the  drills  failed 
to  establish.  The  river  valley  Immediately 
above  Yuma  la  from  one  to  six  miles  wide.  The 
river  channel  proper  is  from  1,000  to  4,000  ft. 
in  width  and  the  slope  1h  ai>i>roxlmutely  1  ft. 
per  mile.  Tbe  volume  of  dlschargu  varies  irom 
about  4,000  sec.-rt.  at  extreme  low  water  to 

over  100.000  sec, -ft.  during  flood  seasons,  .^t 
the  latter  time  the  elreaia  overflows  its  baiiks, 
submerging  the  valley  lands  to  a  depth  of  from 
1  f o  6  ft.  This  Inundation,  due  to  the  nx-Uiii^ 
BQOWi  at  the  river  sources,  occurs  unuuaily, 
and,  aa  a  gwieral  thing,  last*  from  Ifay  uattl 
August. 

The  stream,  along  its  lower  reaches,  is  con- 
tinuAlly  rutting  its  iHUllHI  and  changing  its 
channel  Old  water  courses  demonstrate  that 
as  the  river  is  to-day  so  it  has  been  for  ages 


past;  Its  meanderings  limited  only  by  the  rock 
bluffs  bounding  tbe  valley  through  which  it 
flows.  By  reason  of  this  cutting  of  the  banks, 
the  stream  becomes  a  very  heavy  gilt  bearer 
after  leaving  the  mountains,  and  an  immense 
amount  of  sediment  is  coDtiaually  carried  in 
suspension  or  rolled  along  Its  bottom,  at  times 
amounting  to  over  1  part  in  50,  and  avenging 
through  the  year  .027  by  weight. 

The  size  and  uncertainty  of  the  river,  the 
shitting  channel  and  unstable  banks,  the  yearljr 
recurring  inundations,  variations  in  volume 
from  low  water  to  flood  heights  and  the  Im- 
menee  amount  of  silt  carried  by  its  yellow 
waters,  made  the  problem  of  the  control  of  the 
stream  unique  in  the  history  of  American  irri- 
gation. The  surv^s  and  borings  demonstrated 
that  a  high  dam  to  serve  the  lands  about  Yuma 
was  Impossible.  Experiments  made  by  private 
concerns  in  taking  out  water  from  the  lower 
Colorado  River,  without  considering  the  <*on- 
trul  uf  the  stream  itself,  have  proved  to  be  ex- 
tremely hazardous  undertakings,  menacing  not 
only  the  enterprise  itself  by  either  tearing  out 
headgates  or  by  bar-forming  processes,  leaving 
stich  structures  silted  up  and  far  Inland,  bnt 
also  Jeopardizing  entire  communltlps,  as  wlt- 
ueesed  by  the  recent  runaway  river  into  the 
Imperial  Valley  and  the  Salton  Sink. 

With  those  requirements  fully  recognized, 
and  with  no  bedrock  for  a  base,  the  problem 
presented  to  the  engineers  of  the  Service  was 
to  build  a  structure  founded  on  the  sand  and 
Mt  of  the  valley — one  that  would  fully  coa- 
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bed  of  the  stream,  rests  upon  a  row  of  6-I11. 
sheet  piling  from  12  to  20  ft.  in  length,  In- 
corporated in  its  base  to  cut  off  seepage.  The 
water  of  the  river  will  be  raised  about  10  ft., 
backing  it  up  the  stream  nearly  ten  miles  and 
forming  a  settling  basin  covering  approximately 
8  sq.  ml. 

The  lower,  or  apron  wall,  is  3  ft.  below  ordi- 
nary low  water.  The  space  between  walls  is 
to  be  filled  with  broken  stone,  and  an  apron 
composed  of  derrick-size  rock  extends  40  ft. 
beyond  the  lower  wall.  The  structure  between 
walls  will  be  capped  with  a  concrete  pavement 
18  Ins.  in  thlckncKS.  The  slope  over  the  weir 
from  crest  to  apron  wall  is  1  on  12. 

On  the  up-stream  side  of  the  weir  a  talus 
of  broken  rock,  with  an  incline  of  2  ft.  hori- 
zontal to  1  ft.  vertical,  protects  the  concrete 
structure.  This  will  he  reinforced  by  deposited 
silt. 

The  dam  when  completed  will  be  4,800  ft. 
long  between  abutments,  19  ft.  high  in  the 
river  channel  and  226  ft.  in  width  up  and 
down  stream. 

The  approximate  quantities  for  the  weir  and 
hoadworks  are:  rock  excavation,  375.000  cu. 
yds.;  earth  excavation,  360,000  cu.  yds.;  rock 
fill,  350.000  cu.  yds.:  concrete  paving.  37,000 
cu.  yds.;  concrete  core  walls.  2.s,000  cu.  yds.; 
concrete  gate  piers,  guide  walls,  lining,  etc., 
7,000  cu.  yds.;  sheet  piling,  ftO.OOO  lin.  ft. 


FIG.         I.Af'.f.NA  I».\M  FRO.M  .\UOVE  THK  CALIFOKNI.V  SLUICEWAY. 

ArniL.,  1008. 


trol  the  river  and  hold  it  within  certain  pre- 
scribed limits;  added  to  this  was  the  disposi- 
tion of  the  silt,  which  is  one  of  the  most  diffi- 
cult features  of  the  undertaking. 

Nothing  of  the  kind  has  ever  before  been 
undertaken  in  this  country.  It  is  true  that  in 
gaining  control  of  the  river  at  the  Mexican 
Intake  to  the  Imperial  Oanal,  a  dam  was 
thrown  across  the  stream,  forcing  it  back  into 
Its  original  channel  to  the  sea,  but  this  struc- 
ture was  simply  a  dike  over  which  water  was 
never  intended  to  flow,  while  the  Yuma  project 
demands  a  weir  capable,  if  necessary,  of  ac- 
commodating the  entire  flow  of  the  river  over 
its  crest  at  flood  stages. 

The  most  advantageous  weir  site  was  found 
to  be  at  Laguna,  twelve  miles  above  Yuma, 
where  granitic  mountains  encroach  on  the 
river  valley,  leaving  an  opening  abou<  a  mile 
wide.  The  type  of  weir  selected  was  one  that 
baa  been  in  successful  operation  for  many 
years  in  India  and  Egypt,  under  practically 
Identical  conditions  with  those  presented  in  the 
YUma  Valley;  notably  on  the  Jumna  at  Okia 
and  the  N'ile  below  Cairo. 

Fig.  2  shows  the  work  in  progress,  and  Fig. 
1  shows  the  work  brought  to  a  standstill  by 
the  summer  flood.  Three  concrete  walls.  4,K00 
ft.  in  length  and  57  and  93  ft.  apart,  are  to 
extend  from  bluff  to  bluff.  The  crest  wall, 
with  a  maximum  height  of  19  ft.  above  the 


AIR  PUMPS  AND  CONDENSERS* 


Br  H.  M.  FERGUSON 


In  the  present  paper  it  is  not  intended  to 
deal  with  tlie  whole  subject  of  condenaatloii, 
but  rather  with  the  effect  upon  the  veeuum 
of  certain  features  commonly  met  with  in  con- 
densing systems.  The  term  vacuum,  as  used 
hy  enslneera,  Is  a  Tarlable  quantity,  dependent 
upon  atmospheric  conditions,  and  all  flgures 
should  be  reduced  to  a  standard  barometer  of 
80  Ins.  uererar.  It  Is  much  better  to  apeak 
of  the  absolute  pressure  in  a  condenser,  for  It 
will  be  Independent  of  any  direct  atmospheric 
Tarlatlott. 

The  absolute  pressure  in  a  condenser  is  com- 
posed of  two  Independent  factors — ^the  steam 
or  rapor  pressure,  and  the  afr  pressure.  Hie 
vapor  pressure  depends  only  upon  the  temper- 
ature In  the  condenser,  and  this  wUl  depend 
upon  the  amount  of  water  and  steam  pasring 
through  and  the  method  of  transferring  the 
heat  from  the  steam  to  the  water.  The  air 
pressure  ts  the  main  drawback  to  the  seenr- 
InR  of  a  high  vacuum  in  all  condonsing  sys- 
tems, for  It  not  only  adds  to  the  pressure,  but 
also  prevents  the  rapid  eondensatton  of  the 
Bteam.  The  presence  of  this  air  is  due  to  leak- 
age through  the  glands  of  the  low-pressure 
eyKnder  and  Joints  alon?  the  exhaust  pipe  in 
which  the  pressure  Is  below  that  of  the  atmo- 
sphere, and  depends  on  the  amount  of  steam 
passing  through  the  engine. 

The  jet  condenser  is  the  oldest  and  simplest 
form  of  condenser.  The  condensing  water 
comes  Into  direct  erataet  with  the  Mdianst 
Bteam,  and  the  resulting  products  are  with- 
drawn by  means  of  an  air  pump.  There  are 
two  general  types  of  this  condenser,  depend- 
ing; on  whether  the  air  and  water  are  with- 
drawn by  the  same  pump — termed  a  wet-air 
pump,  or  whether  the  air  ts  withdrawn  by 
means  of  a  separate  or  dry-air  pump  and  the 
water  tal^en  oS  by  a  second  pump  or  some 
other  equivalent  method. 

Jet  Condenser  with  TVet-air  Pump. — In  this 
type,  which  Is  now  often  called  the  parallel- 
flow  cottdsBser,  the  water  enters  the  eondens- 
ing  cbarobor  In  such  a  manner  that  it  otfers  a 
large  surface  for  the  steam  to  condense  upon. 
The  steam  and  iratsr  both  flow  downwards. 

•SllKhtir  coii4»DM4  from  *  paper  recuntlr  rttA  before 
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and  the  combined  products  withdrawn  at  the 
base  along  with  the  air  carried  Into  the  cham- 
ber. The  resulting  pressure  tn  a  perfect  con- 
denser of  this  tjpe  may  be  determined  by  con- 
sidering the  air  and  vapor  pressure  independ- 
ently, as  follows: 

If  there  arc  n  pounds  of  condensing  water 
per  pound  of  stetun  entering  the  condenser  at 
a  temperature  t,.  and  withdrawn  along  with 
the  condensed  steara  at  the  temperature  t,, 
since  the  heat  given  up  by  each  pound  of 
steam  In  condensing  and  cooling  to  t,  must 
equal  the  heat  talien  up  by  n  pounds  of  water, 
we  find  the  hot-well  temperature  Is  t,  » 
(1.025/11)  +  t«.  The  constant  1,025  should 
depend  upon  the  heat  contained  in  the  exhaust 
Steam,  but  for  a  variation  in  the  temperatnre 
of  this  steam  of  about  30*  F.  the  amount  of 
heat  will  only  vary  about  l*";,  so  that  the  cor- 
rection for  variations  of  t^  will  be  very  small. 
A  factor  that  may  affect  this  constant  to  a 
much  larKcr  extent  is  the  unknown  quality  of 
the  exhaust  steam,  for  part  of  it  may  reach 
the  condenser  In  the  form  of  water. 

The  hot-well  temperature  will  generally  lie 
between  £5°  F.  and  120°  F.,  and  the  vapor 
pressure  wtr  thia  range  may  be  reprssanted 
as  a  linear  function  of  the  temperature  In  the 
form 

p,  =  0.0228  t,  —  1.20 

p,  =^  (2  2-86/n)  +  0.02  23  t„  —  1.2  9; 
thus  the  vapor  pressm-e  depends  only  upon  the 
amount  of  condensing  water  per  pound  of 
steam,  and  upoo  the  initial  temp«catura  of 
this  water. 

The  remaining  portion  of  the'  condenser 

pressure  is  due  to  the  presence  of  air.  The 
volume  of  air  carried  in  with  the  injection 
water  will  generally  be  about  2%  of  the  toIqim 
of  that  water,  whilst  the  air  carried  over  with 
the  exhaust  steam  will  depend  upon  the  vol- 
ume of  steam  and  the  length  of  the  exhaust 
pipe.  Weiss  gives  this  leakage  per  pound  of 
steam  condensed  as  1.8  -i-  0.0035L,  where  h  is 
the  length  of  the  eAanet  pipe.  This  equa- 
tion ban  Ixcn  verified  by  the  author  In  rela- 
tion to  the  air  leak  Into  a  surfaoe-oondens- 
Ing  plant.  The  total  volume  of  air  entering 
the  condensing  chamber  is  taken  at  atmo- 
spheric pressure,  so  that  when  it  Is  lowered 
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to  the  condenser  pressure  Its  volume  will  be 
conMldenUy  liier«ased  and  It  to  thto  larger 
volume  that  has  to  be  dealt  with  by  the  air 
pump.  The  temperature  of  this  air  will  be 
tlM  same  as  the  temperatiire  of  the  hotrwetl 
discharge,  and  as  this  will  be  slightly  higher 
than  the  initial  temperature  of  the  air  its 
Tolmne  will  he  Inereaaed  alfgbtly,  but  thte  tn- 
erease  will  in  general  be  small  and  can  be  Ig- 
nored. Making  the  assumption  that  the  tem- 
perature rmnaias  constant,  we  can  apply 
Boyle's  law  to  estimate  the  resulting  pressure 
when  the  volume  is  known.  The  volume  to 
wbldi  the  air  can  expand  will  be  limited  by 
the  pump  volume  and  the  volume  of  water  dis- 
charged. If  u  represents  the  bucket  displace- 
ment In  coble  feet  per  ponnd  of  steam,  the 
effective  volume  of  pump  ^  v  —  TOlume  of 
water  discharged — 

ettoetlve  volume  In  cn.  fL 

-  u  —  [  (n  4  l)/eil 

Th^  volume  of  air  per  pound  of  steam  at  atp 

mospherlc  pressure 

—  ( 1.8    0.003L  4  0.02  n)/61 
and  If  Pa  be  the  atmospheric  pressure,  p^  the 

atr  pressure  in  the  condenser  p,  =  p.  (1.8  -1- 
O.OOSL  +  0.02n)/[62u  —  (n  >  1)];  by  adding 
to  thto  the  Tapor  pressure  at  the  temperature 
of  discharge,  we  obtain  the  total  condenser 
pressure,  which  may  be  represented  by  the 
equation  p  p.  (I.8  +  O.OOSL  +  0.02ni/[C2u 
(n  +  D]  +  (22.86/n)  +  0.0223t,-  1.29  .  (1). 
This  gives  a  method  for  estimating  the  abso- 
lute pressure  tn  a  condenser  in  terms  of  tho  in- 
jection water  per  ponnd  of  steam,  the  initial 
temperature  of  this  water  ami  tho  bucket  dis- 
placement. 

From  a  study  of  (1)  it  will  bo  seen  that  for 
any  particular  bucket  displaccnieut  thcr«  is  a 
limiting  value  of  the  vacuum  obtainable,  de- 
pending on  the  ratio  between  the  amounts  of 
Injection  water  and  steam. 

An  Increase  of  injection  water  above  this 
valiip  will  only  decrease  the  vaewum.  for  al- 
though the  larger  supply  of  water  will  dimin- 
ish the  hot-welt  temperature  and  thereby  de* 
crease  the  vapor  pressnre,  this  will  he  over- 
balanced by  the  Increase  In  tho  air  preaaure 
due  to  the  larger  volume  carried  in  with  the 
water  and  the  relatively  smaller  bucket  ca> 
paclty. 

Thus  admitting  too  large  a  quantity  of  water 

Is  inefficient  In  several  respects — It  entalln  an 
additional  expense  for  water,  decreases  the 
vacuum  obtained,  and  lowers  the  temperature 
of  the  hot  well,   TUs  lowering  will  tend  to 


decrease  the  efficiency  of  the  plant,  when,  as  la 
usual,  thto  water  has  to  be  assd  for  the  holler 

feed. 

The  pump  volume  as  given  by  the  value  u 
represents  the  minimum  value  for  a  perfect 

pump,  and  it  will  generally  bo  found  advis- 
able to  somewhat  increase  the  actual  pump 
volume  to  obtain  a  particular  maximum  vac- 
uum. "With  separate  air  pumps  this  can  be 
obtained  by  simply  increasing  the  speed  of  the 
pump,  but  with  wet  pumps  the  speed  cannot 
be  very  high  owing  to  the  severe  blows  pro- 
duced when  the  bucket  strikes  the  water,  these 
betag  Itable  to  produce  serious  damage  to  the 
valves  and  driving  gear. 

Other  factors  which  will  necessitate  a  larger 
pump  are,  leakage  Into,  and  clearance  space  In 
the  pump  itself.  This  clearance  space  will 
generally  be  filled  with  a  mixture  of  air  and 
water,  and  on  the  return  stroke  of  the  budcet 
the  air  expands  until  Its  pressure  has  fallen 
to  the  condenser  pressure.  The  distance  trav« 
eled  by  the  bucket  during  thto  expansion  will 
represent  the  lost  volume  of  the  pump,  and  it 
to  only  the  remainder  of  the  stroke  that  is  ef- 
feeUve. 

Counter-Current  Jet  Condensers.  -In  this 
type  of  condenser  the  exhaust  steam  enters  at 
the  base  of  the  condensing  chamber  whilst  the 
water  enters  nt  the  top,  and  In  virtue  of  Its 
weight  will  fall  Through  the  steam  space  and 
offer  a  large  surface  for  the  stsam  to  condense 
upon.  Tho  water  Is  withdrawn  at  the  base, 
whilst  the  air  carried  over  with  the  steam  and 
water  Is  withdrawn  at  the  top  by  means  of  a 
separate  dry-air  pump.  The  air  carried  in 
with  the  water  does  not  enter  the  steam  space, 
whilst  the  air  carried  over  with  the  steam  to 
separated  in  the  steam  space  and  gives  np  part 
of  its  heat  to  the  descending  water,  thus  a 
better  vacuum  can  be  maintained  la  the  con- 
denser. The  pressure  at  the  lower  end  will 
be  mainly  due  to  steam,  whereas  the  pressure 
at  the  top  will  be  largely  due  to  air;  also  ow- 
ing to  a  smaller  amonnt  of  air  being  present  in 
the  condensing  chamber,  the  condensation  will 
take  place  at  a  greater  rate,  and  thus  tend  to 
lower  the  pressure  In  the  chamber.  An  addi- 
tional pump  is  required  to  deal  with  the  water 
alone,  either  for  withdrawing  It  from  the  con- 
denser, or  enabling  It  to  be  drawn  In  by  the 
vacuum.  This  latter  method  is  much  in  vogue 
at  the  present  time  under  the  fonn  of  the 
Barometric  Condenser,  tn  which  the  condensing 
chamber  is  elevated  about  30  feet  above  the 
dlsdiarge  pipe.  In  thto  case  the  tnjeetioa 
water  must  be  raised  by  a  pump  to  such  n 
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beight  as  to  enable  It  to  flow  Into  the  conden> 
ser. 

For  given  amounts  of  steam  and  condensing 
water  ilie  total  volume  of  air  entering  the 
condenser  will  be  the  same  as  In  a  pttraU^l" 
flow  coudensser,  and  the  total  pressure  may  be 
estimated  in  a  uimiiai  mauner.  The  limiting 
Tftlue  of  the  pressure  will  be  that  due  to  the 
air  at  the  top  of  the  condenser,  and  in  order 
to  determine  tbe  pressure  at  this  point  we  must 
kaow  thta  tamvwatnre.  It  la  nerer  poailble  to 
reduce  the  air  temperatures  quite  to  that  of  the 
Injection  water.  Weiss  gives  this  temperature 
as 

t,  + a  where  a  =■  7.2  +  0.2  (t, — 1„> 
t,  —  hot-well  temperature,  t,  injection  tempera- 
ture. 

By  assuming  that  the  whole  of  the  pump  Is 
available  for  the  discbarge  of  air,  the  conden- 
ser preflsuTe  can  be  Aetemttoed  as  In  tbe  case 
for  a  vret  pump,  and  1«  represented  bF  the  fol- 
lowing expression: 

pa>p.  ((1.8  4-  O.OOS  L^-O.OS  n)/63  n]  Hh  (S.»/n) 

+  0.019        0.8G7  (2) 

The  vacuum  obtainable  on  tbe  counter-cur- 
rent system  fs  mwdi  big  bar  tban  In  a  parallel- 
current  condenser  using  tb«  same  quality  Of 
water  and  steam. 

Tbe  actual  volume  of  air  dlsdiarged  by  a 
dry-air  uump  will  dei)ond  more  upon  the  tem- 
perature of  tbe  air  and  tbe  clearanoe  volume 
of  the  pump  than  with  tbe  wet  pump.  Tbe 
volume  of  air  In  the  clearance  space  will  have 
to  expand  down  to  the  condenser  pressure  be- 
fore a  flow  can  take  plaee  from  the  condenser 
to  the  pump.  This  lost  volume  will  depend 
upon  tbe  behavior  of  the  air  during  compres- 
sion and  expansion,  but  If  we  assume  tbe  tem- 
perature to  remain  constant,  the  volumetric 
efficiency  —  1  ^  c — rc,  where  c  is  the  clear- 
ance expressed  as  a  fraction  of  the  working 
volume,  and  r  the  ratio  between  the  atmos- 
pheric and  condenser  presRures.  With  a  clear- 
ance volume  of  5%,  and  a  condenser  pressure 
of  1%  lbs.  per  so.  In.,  the  volumetric  efBclency 
is  divldrd  into  two  branches;  the  steam  enter- 
ing at  one  of  the  openings  condenses  on  the 
outer  surface  of  tbe  larger  tubes,  whilst  tbe 
steam  entering  at  tbe  other  opening  oondensea 


on  tbe  inner  surface  of  the  smaller  tubes;  the 
condfiist'il  steam  Is  then  withdrawn  through 
branch  pipes.  Tbe  circulating  water  enters  the 
condenser  at  a  pocket  on  one  end,  and  baa  to 
pass  through  the  annular  space  between  each 
set  of  tubes  before  leaving  the  condenser.  Thus 
bulb  the  inside  and  outside  of  the  annular 
water  channel  are  utilized  for  condensation. 
By  this  design  a  large  ratio  of  L  to  D  is  ob- 
tained without  an  undue  total  length  of  cou- 
denaer;  the  rteam  and  water  are  also  made  to 
flow  in  opposite  dlreetlons  and  act  as  a  contra 
liow  condenser. 

Experiments  have  been  carried  out  on  the 
two  snrfaeo  condensers  in  the  laboratory,  and 
these  bear  out  the  points  deduced  from  equa- 
tion (8).  The  hlgb-speed  condenser  contains 
61  pairs  of  tubes,  tbe  outer  tubes  are  I'i-ln. 
bore  and  the  inner  tubes  13/16-ln.  bore,  tbe 
average  length  about  4  ft;  there  la  mly  about 
l/lC-ln.  clearance  between  the  tubes  forming 
tbe  water  space,  and  the  total  tube  surface  is 
180  aq.  ft 

Tbe  main  condenser  of  the  ordinary  type 
OQOt&lns  540  tubes,  %-ln.  diameter,  4  ft.  longt 
divided  Into  two  sets,  tbe  water  llnrt  passing 

tLir ^  l^J].  the  lower  range  of  270  tubes  and  re- 
turning along  the  top  range.  The  tubo  surface 
Is  358  sq.  ft   In  all  the  experiments  an  equal 

weight  of  steam  was  condensed  (al)out  2. TOO 
lbs.  per  hour),  and  the  vacuum  was  varied  by 
changing  tbe  quantity  of  drenlating  water. 
Tbe  high-speed  condenser,  although  it  has  only 
about  one-third  the  tube  surface  of  the  main 
condenser,  gives  a  better  vacuum  for  tbe  aame 
quantity  of  water  and  the  same  capacity  of  air 
pump.  In  both  these  tests  the  air  pump  was 
worked  at  a  upeeA  of  8S  r.  p.  m.,  giving  a  pump 
volume  of  0.77  cu.  ft.  per  pound  of  staan. 
see  what  effect  an  increase  in  the  pump  ca- 
pacity would  have  upon  the  vacuum,  a  second 
series  of  tests  were  carried  out  on  tho  high- 
speed condenser  with  the  pump  speed  Inrreased 
to  96  r.  p.  m.,  giving  a  volume  of  0.8  7  cu.  ft. 
per  pound  of  steam. 

The  main  drawljack  to  condensers  of  the 
high-speed  type  is  the  larger  power  required 
to  circulate  tbe  water  throusb  the  tubes  of  the 
condeuaer. 


THE  MODERN  CONSTRUCTION  OF 
MACADAMIZED  ROADS* 

By  THOMAS  AITKEN 


'l"he  Bubjecl  of  tliis  pajHT  namely,  the  cou- 
BtructiOQ  of  macadamized  roads  suitable  for 
nodern  traffic — haa  been  engaging  the  atten- 
tion of  road  erifiliiecrs  and  others  IntemtSdt 
for  some  considerable  time  paat. 

That  an  ImproTement  In  the  condition  of 
our  hlgliwavH.  excellent  as  tliey  are  In  many 
instances,  and  eminently  suitable  tor  slow- 
going  traffic,  is  neeeaarr  no  one  can  fTftlntay. 
In  order  to  wltlistand  the  Increasing  number 
of  heavy  and  fast  traveling  vehicles  some  rad- 
ical change  must  be  made  tn  tome  of  the  details 
of  present-day  practice  in  road  construction. 

Road  engineers  are  occasionally  considered 
by  wnne  n  not  keeping  up  with  the  times,  aod 
that  the  art  of  road  making  has  been  lost,  but 
while  not  agreeing  with  these  statements,  there 
are  notable  examples  In  this  oonntry  of  badly 
made  and  badly  maintained  roads  which  are 
absolutely  unfit  to  bear  the  traffic  passing  over 
thvok.  UtMf  of  these  roads  will,  sooner  or 
later,  bare  to  be  reeonatracted  from  the  foun- 
dation. 

The  rerolntlon  In  the  nature  and  amount  of 

the  traffic  has  a  great  deal  to  do  with  the  com- 
plaints made  at  the  present  time.  It  is  diffl- 
cvlt  to  foresee  what  the  effect  of  any  new  do* 
scrlplion  of  road  Tchlrle  will  be,  but  now  that 
these  conditions,  so  far  as  heavy  and  fast  trav- 
eling motor  cars  are  concerned,  are  thoroughly 
understood:  efforts  are  being  made  to  cope 
with  the  difficulty  which,  while  being  efficient, 
may  be  eompartttlirely  economical. 

It  may  be  said  that  the  era  of  bituminous 
treatment  of  macadamized  roads  bas  been  en- 
tered upon,  and  that  the  methods  of  eonstruo- 
tlon  will  give  excellent  results  in  regard  to 
wearing  capacity,  and  at  the  same  time  get  rid 
of  the  dust  and  mud  nnlsanoe. 

Previous  to  describing  what  may  bo  conpld- 
ered  the  best  method  of  making  and  maintain- 
ing macadam  roads  suitable  for  present  day 
reqtilrements.  It  may  bf>  wpH  to  consider  some 
of  the  items  which  are  factors  in  construction 
and  malntenanoe  generally. 

•rap  r  Tr^\^  hftort  the  QUsKow  Asaddstteii  Of  ttudeata 
o(  tti«  Institution  »t  Ctvil  KaglDMn. 


FOUNDATIONS. 
For  all  classes  ot  roadway  a  well-drained, 
good  foundatlod  Is  a  recognised  necessity,  and 

on  which  depends  in  a  great  measure  the  future 
life  of  a  road  and  the  cost  of  maintenance.  The 
two  great  pioneers  tn  road  making — Telford 

and  .Macadam  differed  in  their  method  of 
forming  a  foundation.  The  hand-set  botfbm- 
Ing  was  employed  by  Telford,  and  generally 

bears  his  name  in  specifications  when  new 
roads  are  undertaken.  It  must  be  remem- 
bered, however,  that  Telford  only  applied  this 
form  of  foundation  when  be  could  procure  suit- 
able material  for  the  purpose,  and  in  many 
Instances  used  grayel  and  other  kinds  of  mate- 
rial obtained  locnlh'.  Many  hundreds  of  miles 
of  new  roads  were  bottomed  with  gravel  iu  this 
country  by  Telford,  especially  In  the  Hlgblanda 
of  Scotland. 

Macadam  did  not  use  a  hand-set  pavement 
as  a  foundation,  but  preferred  to  make  the 
roadstones  forming  the  roadway  of  an  equal 
sise.  In  this  respect — amd  it  muet  be  borne  in 
mind  that  It  was  principally  eslBttng  roads  he 
was  called  upon  to  Improve — Macadam  pen- 
erally  found  sufficient  material  in  the  roads, 
but  of  a  yery  Irregular  also.  He,  as  a  rule, 
picked  up  the  wliole  roadway,  re-formed  the 
ground,  drained  the  subsoil  where  necessary, 
and  then  applied  the  old  material  after  being 

freed  of  superfluous  earth,  and  broken  to  a 
uniform  size  of  about  2-in.  cubes.  He.  bow- 
ever,  generally  stipulated  that  the  weight  of 
each  stone  was  not  to  exceed  6  oz. 

The  writer  bas  In  practice  adopted  a  system 
which  may  be  described  as  a  compromise  be- 
tween the  methods  set  out,  many  miles  of  new 
roads  having  been  constructed  by  this  method 
with  excellent  results.  The  rough  material, 
after  beinfr  placed  on  (he  formation  level  of  the 
road,  is  broken  into  cubes  of  from  3  ins.  to  4 
ins.  In  diameter  to  the  requisite  depth,  gen* 
erally  9  ins?,  at  the  <  i  nter,  aud  7  Ins.  at  the 
sides.  This  coating  is  then  consolidatecf  by 
steam  rolling,  and  a  2-ln.  layer  of  sand  spread 
over  the  surface  partly  to  f?ll  the  interstices 
and  partly  to  form  a  cushion  for  the  top  metal, 
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or  wearing  surface.  The  quality  of  the  stones 
forming  the  foundation  of  a  road  Bbould  be  of 
a  good  and  hard  deacription,  and  not  liable  to 
be  affected  tqr  tn»k  or  heBvy-wbeel  tratllc.  Un- 
fortunately many  new  roads  have  been  bot- 
tomed with  soft  freestone  and  with  bard  core, 
which.  In  many  «mm.  meua  all  ktnds  of  rab> 
blsh. 

It  may  be  of  interest  to  note  that  some  of 
the  roadB  in  certain  counties  of  this  country 
Inve  only  a  combined  depth  of  material  of  from 
4  Ins.  to  6  Ins.,  and  no  doubt  this  is  typical  of 
hundreds  of  miles  of  roads  in  the  BritlMll  UlM. 
This,  no  doubt,  had  been  in  a  great  measure 
brought  about  on  the  advent  of  railways,  which 
drained  tho  roads  of  their  traffic,  and  cona^ 
qnently  the  drawinga  bjr  the  turnpike  system 
were  considerably  reduced.  The  funds  of  the 
road  trustees  were,  therefore,  such  that  proper 
repairs  could  not  be  carried  out  and  tlie  roads 
•nffered  in  consequence. 

It  was  a  comnion  experience  during  the  lat> 
tar  daya  of  the  turnpllie  system,  and  even  ap 
to  within  a  comparatlTely  few  years  ago,  to 
find  the  bottoming  exposed,  and  such  as  it  was 
senring  the  double  purpose  of  foundation  and 
wearing  surface.  Since  the  abolition  of  the 
tolls  a  gradual  improvement  has  talien  plaoe^ 
but  not  to  the  extent  ot  in  proportion  to  the 
great  advance  made  in  atttomoblliam  and  of 
the  tncreaaed  tralBe  fenemllr. 

ROADSTONES. 
The  selection  of  suitable  road  metal  for  re- 
pairing road!  la  of  the  ntmoit  Intportanoe. 

The  egsentlal  qualities  are  hardness,  tough- 
ness, durability,  and  the  stones  should  retain 
a  rough  aurfaoe  under  tralle.  Materlala,  tbe 
constituent  minerals  of  which  arf  Hnblp  tn 
decompose,  or  are  not  chemically  stfble,  should 
be  avoided,  ai  tbe  osidMng  Inlluenee  of  nfr 
and  the  solvent  action  of  impure  surface  water 
charged  with  salts  and  organic  acids  are  de- 
atructtve  el«nenta  in  road  maintenance.  I&rd« 
ness  and  touphness  are  seldom  equally  pro- 
uuunced  in  roadsiones,  although  there  are  not- 
able  exoeptlona.  auch  aa  In  basalt  and  olivine 
dolerltes,  the  ron«'tUT:cnt  mfneralp  of  which 
are  fresh.  Good  roadstoues  depend  also  on 
the  manner  In  which  the  mutual  arrangement 
of  the  component  minerals  are  disposed  and  the 
strength  of  tbe  base  or  matrix  by  which  these 
parUelea  are  held  together. 

For  the  ninpt  part  rnad  metnl  prepared  from 
rocks  of  tbe  basalt,  doierite  aud  ande«ite  fam- 
ily are  generally  good,  although  many  dolerttea 
are  decidedly  unsultablf  for  road  pnrposcs.  Tt 
appears  strange  that  granite,  which  is  so  valu- 


able a  stone  for  engineering  structures,  should 
be,  with  a  few  exceptions,  very  Inferior  as  road- 
stones,  compared  with  those  alre.idy  meutioned. 
This  is  particularly  ao  In  granite,  the  qnartt 
crystals  of  which  are  coarse  in  structure. 

It  is  generally  admitted  that  it  is  more  eco- 
nomical, where  heavy  trafllo  la  experienced,  to 
employ  the  best  material  procurable  for  road 
repairs,  even  though  it  has  to  be  brought  from 
a  distance  and  eoata  more  than  a  looal  atoiM  of 
inferior  quality. 

Many  descriptions  of  materials  have  been 
used  for  road  repairs,  such  as  gravel,  flints, 
limestone,  ironstone  slag,  millstone  grit,  etc., 
especially  In  England,  but  these  for  the  most 
part  are  there  being  superseded  and  granite  of 
a  good  quality  and  baaalt,  etCf  are  being  aidH 
stituted. 

BINDING. 

A  difference  of  opinion  as  to  the  necessity 
of  using  a  binding  material  to  assist  in  consoli- 
dating roadatone  coatlnga  exlata,  principally  by 

those  who  study  the  road  problem  closely,  but 
who  have  not  the  opportunity  of  gaining  prac- 
tical eiKp<Hl«iee  In  mA  matlara. 

Telford  iised  small  gravel  to  assist  In  bind- 
ing the  metaling  of  new  roads,  whereas  Mac- 
adam prohlbHed  the  nie  of  any  eztraneoua  matr 

ter  for  the  purpose,  contending  that  the  stones 
should  unite  by  their  own  angles.  It  muet  be 
remembered  that  Macadam,  aa  already  stated. 

was  principally  enpaped  in  reforming  and  re- 
pairing old  roads,  and  that  tbe  greater  propor- 
tion of  the  material  emidoyed  had  already 

done  service  as  metallne:.  The  IrregtJlar  and 
large-sized  stones  were  broken  to  a  uniform 
gage  of  about  2  Ina.  In  diameter,  and,  of  course, 

a  certain  amount  of  earthy  matter  would  still 
adhere  to  the  metaling,  which,  without  the 
addition  of  any  other  matertel,  formed  at  once 

a  sufflcient  binding  to  ensure  cohesion.  The 
old  system  of  carrying  out  repairs — namely, 
by  apreadlng  the  road  metal  one  stone  thick 

in  strips  or  sheets  of  from  2  ft.  to  6  ft.  wfde  in 
varying  lengths,  of  which  method  Macadam 
bad  a  conalderable  experienee   did  not  require 

the  application  of  binding.  Few  road  engi- 
neers or  suiveyorB  practiced  binding  these 
patches  except  under  ozoepttonal  dreumstances. 

The  old  road  bed  was  generally  snffiden'tly 
soft  whiu  the  luululiug  was  applied,  and  the 
stones  became  set  by  the  paaMge  of  vehicular 

trntlic.  Di-.TinfT  the  lonpr  process  of  consolida- 
tion of  tbfst'  metal  patches  by  the  traffic  vary- 
ing conditions  of  weather  were  experienced, 
fro?t  prevailing  for  weeks,  and  sometimes  for 
tnuuths.  at  a  time.    Under  these  circumstancea 
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wliat  ooenrred  VM  this:  the  hca^y-wbetl  tralBe 

forced  on  to  the  metal  patches,  and  the  old 
Burface  of  the  road  beln^  hard,  the  pasaage  of 
tb»  veblelM  ereated  a  grlndtaK  action  on  the 

Btoncs  and  considerable  abrasion  took  pliice. 
This  process  not  only  rounded  the  edges  of  the 
roadatones,  but  provldM  Indirectly  aufldent 
binding  ruatnrfnl  from  the  parent  mi  istones. 
No  doubt  this  senred  the  purpose  of  binding 
tbe  road  eoatlnss  togctlier  admirably,  but  at 
the  expense  of  the  roadstones:  besldos  the  tn- 
terloclilng  of  the  metaling  by  reason  of  the 
fldgw  of  the  stoDM  belBS  rounded  waa  dell< 
dent.  Great  trouble  was  also  erperter.r-rrf  ri^r- 
Ing  subseQuent  dry  weather,  as  the  stones  be- 
came looM  and  got  aeattered  orer  the  entire 
load  snrfare. 

This  method  of  repairs  was  practically  the 
only  one  pursued  till  ttie  advent  of  road  rollers, 

but  the  old-fashioned  practice  is  still  carried 
out  to  a  certain  extent  at  the  present  time. 

The  modem  system  of  repairing  roads  Is  a 
great  advance  on  past  methods,  and  serves  the 
purpose  well  where  the  class  of  traffic  Is  slow 
and  moderate  tn  amount. 

Continuous  full  width  coatlnsa  of  raetal,  3 
Ins.  to  4  Ins.  In  depth,  are  spread  on  to  the 
roads  under  vepalr  direct  from  the  stonebreak- 
ers  working  in  the  various  quarries.  The  road- 
stones,  being  screened  to  rid  the  material  of  all 
small  and  useless  stufF,  fairly  unlform-elsed 

metal  la  produce'!.  In  the  consolidation  of 
the  coatings  by  steam  rolling  a  certain  amount 
of  snitable  material  as  binding  Is  ImperatlTe  In 
order  to  maintain  cohesion  between  the  stones. 
It  Is  on  this,  after  the  metaling  has  been  prop- 
erly spread,  that  the  success  or  otherwise  of 
the  operation  depends.  Should  larRe  quanti- 
ties of  material  of  a  promiscuous  nature  be 
used  then  bad  results  may  be  looked  for,  and 
the  process  is  clearly  wrong  from  a  sanitary 
point  of  Tiew  and  also  from  an  economical 
standpoint  This  Is  also  the  means  of  creating 
much  dust  in  dry  and  mud  in  wot  weather, 
apart  from  the  actual  wear  of  the  stones  by 
wheel  traffle.  Under  such  circumstances  the 
stones  are  never  brought  into  Intimate  contact, 
and  there  is  no  real  solidity,  while  the  volume 
of  mud  milng  the  interstlclal  spaces  Is  con- 
siderable. The  effect  of  this  la  that  during 
summer  weather  the  mud  binding  dries,  and 
conseQuently  shrinkage  takes  place.  During 
winter  frost  expands  the  Targe  (luantltj*  of 
moisture  in  the  mud  and  lifts  the  road  surface. 
In  order  to  f  ulUl  the  best  condRIomi  of  a  good 
roadway  it  is  nerossary  to  apply  binding  of  a 
light  nature  such  as  loamy-sand,  and  that  in 


smell  but  snffldent  qnantlUes  so  sa  to  ensure 

cohesion  anil  a  nalnlmura  of  interstices  in  the 
metal  coating.  Whlnstone  chlpplnga  also  make 
a  good  binding,  and  all  renewals  ahould  be 
spread  iTlth  a  light  coTsrlns  Of  thsso  aoA 

rolled. 

It  Is  the  binding,  eren  when  the  best  wear- 
resisting  material  is  employed  as  roadstones, 
which  makes  or  mars  a  macadamized  road,  and 
nnquestloaiably  admirable  reoulta  are  obtained 
when  the  work  is  sclentlflcrilly  and  practically 
carried  out.  Nevertheless,  the  binding  mate- 
rial Is  the  weak  spot  In  road  eonstmetlon.  A 
binding  or  matrix  of  a  viscous  or  bituminous 
nature  is  now,  considering  the  increasing  num'* 
ber  of  self-propeUed  Tshldes,  abaoliiMy  aeosa- 
aary  If  the  roads  are  to  bO  crastnieled  tor 
present-day  traffle 

The  writer  has  gone  Into  the  matter  of  bind- 
ing material  rather  minutely,  but  feels  that  this 
is  the  crux  of  the  whole  question  of  efficient 
road  maktns  and  maintenance. 

ROLLINO. 

Bffldent  rolling  Is  a  matter  of  great  Import* 

ance;  many  roads  coated  with  metaling  of 
good  anality  suffer  and  become  loose  when  the 
water  in  the  binding  has  dried  out.  The  eon- 
dition  to  be  aimed  at  is  to  solidify  the  coating 
with  a  suitable  blading  applied  In  small  quan- 
tities by  rolling  so  as  to  approximate  the 
original  bulk  occupied  by  the  material  in  the 
solid.  All  excess  binding  should  be  squeezed 
out  by  repeated  passages  of  the  roller  and 
swept  off.  This  prodiues  a  solid  crust  capable 
of  resisting  most  effectually  the  action  of  or.- 
dlnary  wheel  traffic  and  containing  the  least 
quantity  of  soluble  niulter  to  form  mud  In  wet 
and  dust  in  dry  weather.  Steam  rollers  are 
made  in  difterent  weights  and  used  aooflrdlng 
to  the  condition  of  the  road  to  be  treated,  and 
the  class  of  material  employed  for  repairs. 
Consideration  also  must  be  given  in  regard  to 
gas  and  water  mains  and  other  pipes  under  the 
roadway,  which,  in  many  instances,  are  quite 
near  the  surface,  or  have  but  a  limited  cover. 
Th._'  weight  of  rollers  principally  used  are  12 
and  15  tons;  the  latter  is  mostly  employed  in 
Scotland,  where  the  roadstones,  principally  of 
the  Igneous  type,  are  generally  hard  and  of 
good  wearing  quality.  The  quantity  of  metal 
which  can  be  consolidated  in  one  day  by  a  15 
ton  roller  varies  according  to  the  nature  of  the 
stone,  class  of  binding  used,  efficiency  de- 
manded, and  the  nature  and  amount  of  tralDe 
passing  over  the  road  where  the  operations  are 
being  carried  on.    Under  favorable  conditions 
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KO  to  60  tons  of  metal  can  Iw  eScleDtly  con- 

snltdated  in  onp  day,  but  this  fiicure  mnv  he 
only  40  tous  aud  even  30  tons  where  many 
Stoppage*  are  occasioned  by  trafflc  and  on  sub- 
urban roads.  Therp  nre  many  advocates  of 
dry  rolling,  principally  among  those  who  have 
but  a  limited  experience  In  such  matters.  Tbey 
oondder  by  cfintinwally  rollln?:  a  coat  of  mptal- 
ins  that  it  will  become  aolidifled  without  cither 
blndlnp  or  the  application  of  water.  Wbat 
rpnlly  takes  place  is  that  the  stones  bernme 
abraded  and  crushed,  and  a  certain  amount 
Of  binding  material  thus  obtained,  wbich,  on 
.the  ndvont  of  rain,  may  tirlnp  about  a  tolerably 
favorable  result.  By  this  system  of  rolling, 
however,  flie  roadstones  are  more  or  less  dam- 
ac-rii  nnd  are  therefore  rendered  practically 
uselessi  before  coming  Into  actual  use  for  sus- 
taining ^e  trafflc  for  which  the  repairs  are  car- 
ried out.  This  manner  of  construction  brings 
about  much  mud  in  wet  and  dust  in  dry 
westher. 

Macadamised  roads  properly  constructed 
serve  the  purpose  admirably  for  most  kinds  of 
trafflc  under  normal  conditions  of  weather — 
that  is,  a  macadamised  road  Is  at  its  best  when 
it  contains  a  small  percentage  of  moisture,  the 
binding  under  these  circumstances  haa  a  cer- 
tain amount  of  cemcntitious  property.  It  is, 
howerer,  the  abnormal  conditions  which  have 
to  t>e  OTercome — namely,  the  long  coiiilaued 
dry  weather  or  a  spell  of  wet  weather.  In 
either  of  the  latter  conditions  PonsUleraI)le 
abrasion  of  the  individual  stones  takes  place 
immediately  below  the  surface  as  the  binding 

loses  Its  rementltioiis  prnpertlf^.  which  iJolnts 
to  the  fact  that  some  medium  of  a  tough  nature 
should  be  employed  as  a  matrix  if  macadamized 
roads  are  to  be  improved  and  made  capable 
of  accommodaiiug  the  new  and  increasing  form 
of  trafflc  without  the  accompanying  mud  and 
dust  nuisance. 

TAR-MACADA.M. 
Unquestionably  tar-macadam,  or  tarring 
rond=itnnc3  in  some  rurin,  will  be  the  future 
method  of  constructing  highways  in  this  coun- 
try, especially  on  msin  rosds.  The  tar,  or  tar- 
conjpo.  as  a  matrix  or  l  inder.  In  conjunction, 
with  a  limited  quantity  of  whlnstone  chip- 
plngs  and  dust,  effecttially  binds  the  roadstones 
topethcr,  nnd  forms  a  homoKcneous  and  solid 
mass.  This  will  eliminate  internal  friction 
and  wear  of  the  metal  coatings,  a  condition  of 
things  for  the  most  part  inseparable  from  or- 
dinary macadam.  Tar-macadam  has  been  laid 
Bs  a  pavement  In  many  towns— Itt  Nottingham 
for  as  long  as  forty  years;  but  the  cost  appears 


to  have  been  prohibitive,  and  Its  application 

could  not  be  tmdertaken  on  a  large  scale. 

The  system  adopted  by  the  county  surveyor 
of  Nottingham,  which  has  been  In  use  for  some 
years  pa^t.  If?  known  as  "Tarmac."  In  this 
method  the  material  used  is  furnace  slag, 
which  Is  llrst  heated  on  plates  and  boUlng  tar 
added,  the  materials  being  turned  over  so  as 
to  ensure  equal  treatment  of  the  slag.  The 
material  Is  then  left  for  some  time  under  cover, 
in  order  to  drain  off  the  superfluoupi  tar  before 
applying  it  to  the  roads.  It  is  claimed  that 
slag  absorbs  the  tar.  and  therefore  when  rolled 
makes  a  solid  and  las^tln^^  road.  It  would 
appear  that  slag  and  the  various  limestones 
which  are  capable  of  abaorblng  tar.  and  greatly 
us^ed  In  many  localities,  are  not  suitable  as 
wear-resisting  materials  under  heavy  traffic. 
In  no  sense  can  slag  be  considered  an  Idea] 
roudstone.  "Whlnstone  and  granite  may  be 
treated  in  a  similar  manner,  but  the  latter  in 
many  cases  has  not  proved  satisfactory,  prob- 
ably owing  to  the  largo  quartz  crystals  in  its 
composition.  Tarmac  has  proved  very  satis- 
factory In  many  cases,  while  In  some  loatancsa 
very  variable  results  have  been  obtained. 

Another  method  of  making  tar-macadam  has 
been  tried  In  many  localities,  but  with  small 
Kuceess.  It  consist.s  of  pouring  boiling  tar  over 
the  roadstone  coating  after  being  partially 
rolled.  The  idea  is  to  grout  the  metaling  and 
then  apply  cbippings  to  fill  the  voids  at  the 
surface,  the  rolling  being  continued  to  form 
up  the  coating.  In  this  method  too  much  tar 
is  unavoidably  used,  and  that  in  a  very  Irreg* 
ular  manner,  while  during  hot  weather  the 
whole  imatlng  begins  to  creep  and  get  out  of 
shape,  which  nltimattiy  leads  to  dlslntisgr»- 
tlon. 

Applying  boiling  tar  to  cold  roadstones  must 
be  considered,  as  in  most  instaiufs  it  will  be 
found  tliat  the  tar  is  chilled:  under  these  cir- 
cumstances it  Is  liable  to  peel  oft  the  stones 
In  wet  weather. 

Other  means  of  making  tar-macadam  have 
been  tried  by  using  a  flux  or  binder  composed 
of  whlnstone  or  limestone  chlpptngs.  and  thor- 
oughly oontlniT  these  with  hot  tar.  In  repair- 
ing a  road  with  coatings  of  3  ins.  to  4  ins.  in 
depth  of  metal  a  layer  of  this  binder  Is  llrst 
sprnad  on  the  otd  surface  previous  to  applying 
the  metal.  Rolling  is  then  proceeded  with, 
the  intention  being  to  force  the  flux  up  through 
the  interstices  of  thf  stones  by  the  action  of 
the  roller  wheels  pressing  them  downwards. 
To  make  this  system  suoceasful  the  writer  has 
tried  many  kinds  and  proportions  of  Mndbr  of 
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tbis  description,  but  without  much  success. 
The  matrix  to  be  of  any  real  value  must  be 
fairly  liqnid,  and  in  this  condition  it  cannot  be 
properly  haodled,  whllo  If  it  Is  carried  out  un- 
der these  conditions  it  gives  great  trouble  by 
becoming  sticky  in  hot  weather.  On  tho  other 
band,  if  it  is  of  a  dense  composition  it  will  uot 
penetrate  the  metaling,  and  may  require  a  top 
coating  of  binder,  which  in  turn  is  forced  down 
through  the  voids  of  the  metaling.  These  two 
applleatfons  of  Under  may  meet  at  the  oentor 
of  the  coating,  but  invariably  this  does  not  take 
plaeOi  and  only  represents  a  veneer  at  the  lower 
and  top  portions  of  fhe  roadatone  coattac  On 
roads  with  an  Irregular  surface  this  system  is 
at  a  disadvantage  owing  to  the  metaling  hav- 
ing to  tie  spread  at  varying  tlilekaesaea  to 

bring  the  contnnr  Into  proper  shape. 

This  method  of  forming  tar-macadam,  how- 
ever, seems  to  have  again  be«i  tried  recently 
by  others,  and  Is  said  to  plre  good  results.  It 
has  appeared  on  the  market  aa  a  new  process, 
and  Is  advertised  aa  "Tarrla."  This  method 
of  road  repairing  may  be  seen  at  Mount  Ver- 
non (Glasgow),  where  a  short  length  of  road 
has  been  treated  by  this  process. 

Prom  the  foregoing  remarks  It  !r  r.pparent, 
in  order  to  attain  good  results  in  an  econom- 
ical manner,  that  a  form  of  uedianlcal  appa^ 
ratiis  Is  necessary  to  treat  the  roadstones  prop- 
erly after  being  spread  on  the  road.  By  such 
an  arrangement  the  apparatas  traverset  the 
metal  coating  spraying  tho  viscouf?  liquid,  un- 
der considerable  pressure,  and  forcing  it  down 
and  under  the  loose  stones,  covering  them  en- 
tirely with  a  film  of  tar  or  tar-compo.  When 
this  has  been  accomplished,  generally  two 
turns  of  the  machine  being  necessary,  whin- 
stone  chipi)inga  arc  applied  in  limited  quanti- 
ties tc  fill  the  iatersticea  of  the  metal  coating. 
The  roadstones  are  then  rolled  solid  and  another 
application  of  tar  is  spraved  over  ilie  surface 
by  the  machine,  cblpplngs  and  dust  are  then 
sprlnltled  over,  and  the  coating  completed  by 
further  rollinfe.  By  this  means  the  requisite 
amount  of  tar  necessary  for  good  results  is 
applied,  and  ooatlngs  up  to  4  ins.  in  depth  can 
he  treated  by  this  spraying  machine.  Flooding 
the  roadway  with  tar  is  by  this  means  avoided, 
and  each  stone  receives  a  proper  amount  of 
btiider  which  cannot  be  attained  by  hand  labor 
or  by  machines  which  depend  entirely  on 
gravity  for  discharging  the  liquid  material. 

The  amount  of  cblpplngs  nec^sary  to  fill 
the  voids  in  order  to  make  the  rontlutr  a  homo- 
geneous mass  depends  ou  the  gage  of  tho  road- 
stone  nsed,  the  smaller  the  alae  the  less  will 


be  the  quantity  of  cblpplngs  required.  In  this 
casa^  as  is  common  with  all  descriptions  of  tar- 
rnacadam,  the  nature  of  the  stone  is  an  ele- 
ment to  bo  coasldered.  Materials  which 
break  with  a  rough  fracture  are  to  be  pre- 
ferred to  stones  having  a  fine  texture.  The 
camber  of  roads  thus  made  can  be  reduced 
constderahly  compared  with  Uie  praetloa  at 
prcFe.Tt- 

The  method  just  described  la,  in  the  writer's 
opinion,  the  6heapest  way  of  making  a  tar- 
macadam  road,  and  It  is  quite  as  oflicient  as 
any  other  system.  It  Is,  however,  absolutely 
naosMMUT  that  all  the  materials  should  be  thor- 
oughly dry  and  tho  work  cavrled  o«t  in  fine 
weather. 

The  matrix.  If  it  is  ol  reflned  tar,  mnat  pos* 

sesa  sufficient  toughness  to  bind  the  stoaas 
together  and  form  a  waterproof  surface. 

If  the  prooesa  of  refining  is  not  carried  out 
properly,  so  as  to  rid  the  tar  of  ammonlacal 
liquor  and  naphtha,  then  the  oxidizing  Influ- 
ence of  the  air  will  alfect  it  adversely,  while 
if  the  process  is  pushed  too  far  the  tar  becomes 
brittle  after  setting,  and  is  then  easily  pu-Iver- 
ised  by  the  wheels  of  vehielea. 

The  difTiculty  Is  In  getting  the  proper  grade 
of  tar  for  this  class  of  work,  and  in  this  re- 
spect it  would  appear  necessary  for  the  tbamr 

1st  to  step  in  and  assist  road  enginoon  la  WX' 
riving  at  a  standard  of  excellence. 

Many  compositions  are  on  the  market,  and 
considered  superior  to  ordinary  reflned  coal-tar 
for  road  purposes.  The  best  preparation  of 
this  nature  which  has  come  under  the  writer's 
observation  up  to  the  present  time  is  composed 
of  coal-tar  and  natural  bitumen.  In  certain 
defined  iMfoportlons,  and  la  known  by  the  name 
of  "Marblt."  The  best  of  the  ordinary  ma- 
teriahi  so  far  tried  la  the  crude  natural  bitum- 
inous oil  from  Mezieo.  These  materials  set 
hard  and  appear  to  be  ideal  compositions  for 
forming  a  matrix  or  binder  for  tar-macadam. 

PREVENTION  OF  DUST. 

This  problem,  which  is  occupying  the  atten- 
tion of  road  engineers  and  the  public  generally, 
can  only  be  satisfactorily  solved  by  eonatract' 
Ing  the  roads  with  some  form  of  tar-macadam. 
Nevertheless,  as  years  must  elapse  before  at 
least  all  the  main  roads  In  this  cou-ntry  can 
be  so  treated,  some  method  hy  which  the  dust 
nuisance  can  be  eliminated  or  suppressed  will 
have  to  be  anderUken. 

The  Inrrenslng  numher  of  heavy  motor  wag- 
ons and  fast-traveling  motor  cars — indeed,  all 
descriptions  of  wheel  tralDc — ^baa  brought  the 
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dust  nuisance  very  prominently  iMtore  the 

public. 

Its  widespread  eflecU  may  be  recognized 
In  the  enormous  amount  of  damage  done  to 
propertjr  bjr  dvpradwUnc  tbe  value  of  bouses 
along  many  of  the  roads  used  by  motorists 
and  the  injury  done  to  gardens  and  vegeta- 
tion genernlly.  articles  of  fumliure  and  cloth- 
ing, poods  and  foodstuffs,  etc.  The  hygienic 
aspect  of  the  question  is  also  of  the  utmost 
tmportanoe,  nnd  the  Inconvenience  caused  to 
pedestrians  asing  the  roads  and  the  danger 
in  which  they  are  at  times  placed  constitute 
s  condition  of  ^ings  wbklh  needs  to  be  nrg^ 
ently  dealt  with. 

There  are  several  factors  which  iuflueace 
the  fornwtlon  of  dnat.  the  most  Important  be- 
ing the  chararter  of  the  roadstones  employed, 
the  binding  used,  and  the  class  and  amount 
of  tmlllc  vnislng  over  the  roods.  The  wear 
of  the  roads  Is  largely  dtio  to  metal-tired 
vehicles,  horses'  hoofs  and  the  pumping  ac; 
tton  of  the  large  robber  tires  of  fast^traTellnf 
motors  cars;  the  destrnctlvo  clement  Is  Inten- 
sified when  these  tires  are  shod  with  steel 
sbtds  or  other  "sIde-sHp"  devices.  Experi- 
ence shows  that  a  motor  car  traveling  at  about 
twelve  miles  an  hour  raises  no  more  dust  than 
a  fonr-ln-hand  coach,  but  as  the  speed  ln« 
creases  the  dust  clouds  become  denser,  and 
the  binding  and  small  stones  are  withdrawn 
from  the  metal  coating  after  a  long  continu- 
ance of  dry  weather. 

The  Internal  friction  or  rubbing  together  of 
the  stones  forming  the  emst  creates  dust, 
and  this  Is  autcmentcd  by  the  binding  loalns 
its  cementltlouB  properties  during  a  spell  of 
dry  weather.  The  design  of  motor  cars  has 
something  to  do  with  the  amoutit  of  'dust 
n  Ised.  but  It  primarily  must  be  In  the  direc- 
tion of  treating  the  roads  that  suppression  of 
the  dust  will  have  to  be  tackled.  Different 
methods  have  been  adopted  from  time  to  time 
to  combat  the  evil,  such  as  watering  and  the 
application  of  various  palliative  compositions, 
all  of  whii  )i  rnny  be  dismissed  as  being  al- 
together ot  a  temporary  nature  and  withal 
coFtiy,  although  some  good  has  resulted  from 
their  use  What  is  really  required  is  a  ma- 
tetial  having  a  good  body  or  of  a  viscous 
nature,  such  as  tar  and  tar  compounds. 

In  a  paper  read  before  the  British  Assocla- 
tlcQ  at  Southport  some  years  ago  the  writer 


advocated  spraying  tar  for  th'e  prevention  of 

dust,  but  the  matter  did  not  apparently  appeal 
to  the  members  ot  the  engineering  sections 
at  that  tine. 

It  Is  now  generally  recognized  that  tar  in 
some  form  Is  the  only  satisfactory  material, 
up  to  the  present  time,  for  the  purpose  Indi- 
cated. To  ade<inataly  treat  a  road  there  must 
be  a  certain  amount  of  penetration  of  the 
liquid,  but  which  may  or  may  not  take  place, 
depending  on  various  factors  which  enter  into 
the  question.  Brushing  tar  on  a  road  from 
buckets,  or  by  hand  labor,  will  not  penetrate 
the  surface  unless  the  tar  Is  In  a  boiling  state, 
but  since  the  stones  are  cold  the  liquid  is 
chilled  and  effective  penetration  cannot  take 
place.  This  rsmark  does  not  apply  to  the 
same  extent  to  countries  with  a  warm  climate. 
To  effectively  penetrate  the  binding  of  a  road 
snrlaoe  preasnre  is  necessary,  and  the  tar 
should  be  sprayed  on  In  a  highly  diffused 
state.  By  this  means  the  utmost  advantage 
is  obtained  of  each  gallon  of  tar  In  relation 
to  a  given  area  of  road  surface.  All  tarring 
operations  are  contingent  on  the  road  surface 
being  thoroughly  cleansed  of  dust  and  foreign 
matter,  and  the  lighter  the  binding  material 
In  the  road  the  better  will  be  the  application 
and  the  greater  the  penetration.  Covering  tho 
surface  of  a  road  with  tar  without  penetration 
Is  not  to  be  recommended,  as  after  a  con- 
tinuance of  wet  weather  the  tar  peels  off  and 
forms  slimy  mud.  Dusting  over  the  surface 
after  tarring  is  necessary,  and  this  is  prefer- 
ably carried  out  by  using  ^-In.  whlnstone 
chlppiufis  or  similar  material.  Sand  is  not  bo 
effective  and  the  surface  of  the  road  at  times 
becomes  polished.   For  really  successful  work 

the  road  internally  and  on  the  surface  must 
be  thoroughly  dry  and  the  work  carried  out  in 
fine  weather. 

There  can  bo  no  question  that  when  a  road 
Is  properly  treated  with  tar  or  a  like  composi- 
tion, apart  from  the  suppression  of  dust,  the 
life  of  the  road  is  Increased  and  the  cost  of 
tarring  amply  repaid.  Tarring  roads  is  the 
cheapest  system  for  dust  prevention,  providing 
the  tar  is  dlBtilled  and  of  good  quality  and 
properly  applied.  Treated  roads  combine 
many  ot  the  advantages  of  asphalt;  are  prae* 
tically  waterproof,  afford  good  foothold  for 
horses,  are  comparatively  noiseless,  while  the 
cost  of  scavenging  is  lessened. 
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STEAM  PIPE  SYSTEMS  FOR  GENERATING 

STATIONS 

By  JOHN  H.  RIDER 

SUOHVLT  'CONDBKaOD  imOM  "BtBCTRICAL  SItOINaBSINO'* 


The  degree  of  excellenoo  ot  tba  seneimt  d«> 
sign  of  an  electric  generating  station 
may  be  ganged  by  the  possibilities  which  the 
lay-out  of  the  plant  gives  for  a  good  arranga* 
meat  ot  the  steam  pipe  system.  The  site  may 
be  a  good  one  from  the  points  of  view  of  water 
oanrlage  for  coal,  ample  water  for  condensing 
purposes,  etc.,  but  the  design  of  the  station 
Itself,  which  Includes  the  inter-relations  of  the 
various  vnUa  of  steam  r lislng  and  steam  using 
plant,  may  generally  be  safely  iudged  by  the 
steam  pipe  system. 

Tho  main  principles  underlyliig  a  good  stMiii 
pipe  system  are  eight  In  number,  as  follows: 

(1)  The  pipes  should  bo  as  short  and  as  few 

as  p088lblO. 

(2)  The  failure  of  any  pipe  should  only  af- 
fect one  engine  or  one  boiler  (or  group  of 
boilers). 

(3)  The  pipes  should  be  as  small  tu  fH-imoter 
as  possible,  to  reduce  with  (1)  the  radiation 
losses. 

(4)  The  pipes  shoirM  'c  lari?e  enough  to 
keep  to  a  minimum  the  fall  uf  pressure  be- 
tween the  boilers  and  engines. 

(F;)  The  joints  should  be  as  few  as  possible. 
(G)  Proper  provision  must    be    made  for 
ivater  drainage. 

(7)  Proper  provision  must  be  made  for  ex- 
pansion and  contraction. 

( 8 )  Proper  provision  must  l»e  made  for  ent- 
tlng  oft  various  •portions  In  cases  of  emcrgcnry. 

Taking  the  first  principle,  viz.,  that  the  pipes 
should  be  as  short  and  as  few  as  possible.  It 
will  be  obvious  that  this  will  depend  entirely 
upon  the  relative  positions  ot  the  boilers  and 
Mtglnes,  and  the  chief  feature  In  the  design  ot 
tbe  peneratlng  station  is  at  onco  Involved. 

When  the  generating  units  are  of  compara- 
tively small  size,  such  as  {rom  800  KW.  to  500 
KW..  no  difficulty  will  be  experienced  in  ar- 
ranging the  boilers  and  engioes  iu  two  parallel 
rows,  the  relative  spaosa  oeeapled  by  the  bolt- 
ers and  engines  being  comparable.  As  the  gen- 
erating units  get  larger,  say  from  1,500  KW.  to 
S.OOO  KW..  a  dovblo  row  oC  boitors,  iHth  tbe 


filing  apace  between  them,  will  be  found  ne(»a> 
sary,  with  one  parallel  row  of  engines.  When 
turbines  are  used  Instead  of  reciprocating  en- 
gines, the  space  occupied  (in  the  direction  oC 
the  length  of  the  engine  room  it  the  turbine 
shafts  are  at  right  angles  thereto)  will  be 
much  less,  and  the  dUBculties  ot  arranging  a 
sufBdency  of  boiler  power  in  the  same  length 
space,  even  with  two  rows  of  boilers,  will  be 
increased  aa  the  generating  units  get  larger. 
One  of  the  means  adopted  to  meet  this  difR- 
culty  has  been  to  build  the  boiler  house  in  two 
or  more  floors,  with  one  or  two  parallel  rows 
of  boilers  on  each.  The  complicated  pipe  sys- 
tem resulting  is  more  than  sufficient  to  con- 
demn the  design. 

In  the  writer's  opinion,  one  row  of  engines 
should  be  the  maximum,  and,  when  this  can- 
not be  supplied  with  sufBclent  steam  from  not 
more  than  two  parallel  rows  of  boilers  in  the 
same  boiler  house,  the  boilers  should  be  set  In 
blocks  at  right  angles  to  the  engine  room,  nnd 
each  row  of  boilers  should  feed  one  generating 
unit  through  the  medium  ot  a  common  header. 
This  arrangement  is  praetloally  eompnlaory  In 
large  turbine  stations. 

Anything  which  increases  the  distaace  be- 
tween the  engines  and  boilers  Increases  the 
length  of  steam  piping  required,  and  should 
be  avoided  wherever  possible.  Main  flues  and 
eeottomlsera  are  frequently  placed  behind  boil- 
ers, and  the  engineer  should  carefully  consider 
whether  it  would  not  pay  lu  such  cases  to  ar- 
range the  flues,  etc.,  either  below  or  above  the 
boilers  instead  of  behind  them.  Tncldenlally 
it  may  be  pointed  out  that  two  expensive  items 
In  tbe  cost  ot  generating  station  buildings,  viz.. 
land  and  roof,  may  bf^  h'^'h  reduced  by  such 
expedients  as  placing  main  liues  and  cconomiz- 
era  over  or  under  boilers,  and  condensers  In 
erpfnn-room  basements.  Tn  other  words,  it  la 
generally  cheaper  to  build  high  than  wide. 

Tbe  steam  pipes  should  also  be  kept  short 
by  taking  thera  directly  to  their  work,  and  by 
avoiding  all  such  designs  as  ring  mains,  etc. 
Tbe  plpea  from  tbo  bottora  slhould  go  directly  to 
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a  nulB  b«ad«r.  from  whldi  tli«  ptpes  to  the 

engine  separators  are  taken.  The  Bandwicb- 
Ing  of  the  boiler  and  engine  branches  on  the 
steam  header  will  leaalt  In  redaclns  the  iIm 
of  the  header  practically  to  the  diameter  of 
the  largest  branch,  and  give  such  intimate  In- 
teroonneetton  among  the  boilers  and  engines 
as  ■will  do  awa?'  with  any  necessity  for  either 
duplicate  pipes  or  ring  mains.  It  will  be  seen 
that,  br  the  use  of  Talres  in  the  header  and 
In  the  T)o!ler  and  engine  branches,  the  second 
principle  laid  down,  viz.,  that  the  failure  of 
avr  l^e  should  only  affect  one  engine  or 
boiler  (or  group  of  boilers),  Is  entirely  met  in 
the  scheme  of  piping  outlined  above.  It  would 
he  anite  possible  to  deeign  a  system  of  piping 
by  which  the  supply  of  steam  from  and  to  each 
boiler  and  engine  would  be  quite  independent 
of  the  fallnre  of  any  pipe.  This  would  mesn 
not  only  a  flupllcate  system  throughout,  but 
also  double  steam  branches  on  the  boilers  and 
engines,  a  complication  not  only  prohibitive  In 
Its  cost,  but  absoUitf  ly  unneces.«ary. 

The  coat  of  steam  piping  has  not  only  to  be 
reckoned  'from  the  point  of  capital  expenditure, 
but  also  from  the  point  of  the  cost  of  the  coal 
consumed  to  supply  the  heat  which  is  contin- 
ually radiated  from  the  plpee  and  valres.  The 
annual  cost  of  this  lost  heat  will  depend  upon 
three  things,  viz.,  (a)  the  cost  of  coal,  (b)  the 
area  of  the  pipe  surfaoe  expoeed  to  the  air, 
and  (c)  the  steam  pressure  or  temperature. 
With  a  constant  stream  pressure  and  a  fixed 
amount  of  piping  In  nse,  the  radiation  looses 
will  be  Inilcpentlent  of  the  load  upon  the  gen- 
erating plant,  and.  therefore,  their  relative 
Talue  win  decrease  as  the  load  faetor  of  tiie 
station  Increases. 

The  first  item,  the  cost  ot  coal,  cannot  be 
controlled  by  the  designing  engineer,  and  the 
third  ifein,  the  stfam  [iresHure.  Is  fi.xed  by  more 
important  considerations  than  its  effect  upon 
the  heat  radiated  from  the  steam  pipes.  The 
area  of  the  pipe  surface  (or  its  coverlnj;")  ex- 
posed to  the  air  can,  however,  be  controlled 
within  limits,  and  to  this  point  careful  consid- 
eration should  be  lI\<'ii. 

The  cost  ot  the  heat  lost  by  radiation  in  its 
effect  upon  the  coal  bill  Is  not,  however,  the 
whole  matter,  as  one  of  the  most  Berlnup  re- 
sults is  the  condensation  of  the  steam  within 
the  pipe  system,  and  the  formstton  of  water. 

The  (iiK'stinii  (jf  the  iiroin'r  arrfL!iL;frii(Mts  for 
draining  condensed  water  away  will  be  dealt 
with  later,  but  these  must  be  looked  upon  only 
ai?  remedies,  as  it  is  prari iin[iOi,.-^ilile  to 
find  any  absolute  cure  against  the  formation 


of  water  under  ordinary  working  eondltloBs. 

Water  is  not  only  bad  from  the  point  of  view 
of  loss  of  edlcienQ-,  it  is  positively  dangerous, 
and  many  pipe  systems  and  stsam  engines  hare 
bPT"  "ufned  by  iL 

The  first  thing  to  do  is  to  minimize  the  con« 
densatlon  by  reducing  the  number,  length,  and 
size.?  of  the  pipes  as  far  as  possible,  and  the 
second  to  cover  the  whole  of  the  pipes,  valves, 
and  flanges,  with  an  ellldent  non-eonduetor  of 
heat. 

Too  much  care  cannot  be  exercised  in  the 
eholce  of  a  pipe  eoverlng.  The  writer,  how- 
ever, has  never  seen  the  results  of  any  testa 
taken  on  non-conducting  covering  after  several 
years'  work.  It  is  not  snfllelent  that  It  should 
still  he  mechanically  sound.  What  Is  wanted 
is  that  it  should  continue  to  retain  its  non-con- 
ducting properties  unimpaired.  This  latter 
point  l.q  of  extreme  Importance,  since  the  best 
coverings  are  those  which  are  composed  of  the 
greatest  number  of  minute  air  oells,  and  are, 
therefore,  of  a  porous  nature.  Age,  accom- 
panied by  vibration,  frequently  destroys  this 
porosity  with  the  reanlt  Chat,  in  a  few  years, 
the  covering  has  lost  Its  t/aOimv,  and  should 
be  renewed. 

Pipe  oovering  should  be  of  the  sectional  and 
removable  typo,  with  all  flanges  and  valve 
bodies  covered,  and  with  the  outside  surface 
protected  by  a  cover  of  planished  steel. 

Since  any  increase  in  the  ilia  meter  of  a  pipe 
increases  its  cross-sectional  area  at  a  greater 
rate  than  Its  clreumferenoe,  we  are  easily  able 
to  choose  a  pipe  of  such  a  size  that  It  will  pass 
the  necessary  quantity  of  steam  without  un- 
due fall  of  pressure.  A  steam  velocity  up  to 
conn  ft.  per  minute  is  quite  practicable,  and, 
in  some  caaes.  a  velocity  much  greater  than 
this  Is  allowed.  The  fall  of  prewure  In  the 
short  lengths  necessary  hetweon  the  boilers  and 
engines  of  a  well-designed  station  may  be  neg- 
lected, and  Is  not  likely  to  be  greater  than  S 
or  3%. 

Steam  pipes  should  be  made  of  wrought  steel 
with  lap-welded  longitudinal  Joints.  Cast-iron 

and  copper  jitpes  are  unsafe  for  high  jirfSsMire, 

and.  although  the  latter  were  at  one  time  fre- 
quently used  for  bends,  they  have  been  entirely 
superseded  by  slet-l  pipes  in  modern  work. 
Branches  are  usually  formed  by  means  of  tees, 
which  should  be  made  of  a  special  tough  mlx- 

rure  of  cast  slr>.:d.  Wht're  the  sizes  of  the  pipes 
will  permit,  a  much  better  job  is  made  by  rivet- 
ing the  branch  directly  on  to  the  pipe.  In  this 
case  the  br.Tru  li  it' clf  is  formed  of  steel,  flaugoJ 
out  to  fit  the  pipe  closely,  and,  after  double 
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rlveUng,  the  Joint  should  be  carefully  caulked. 
Hovev«r  well  d«8lgn«d  a  et«attt-plpe  system 

may  be,  It  will  usually  be  found  to  give  more 
trouble  at  the  Joints  than  at  any  other  place. 
The  number  of  jotnts  sltonU,  therefore,  be  kept 
Bmall  by  using  pipe  lengths  as  long  as  possible. 
Steel  pipes  up  to  20  ft.  long  are  now  readily 
obtained,  but  the  neoessarr  Interposition  o( 
TalTes.  tees,  etc.,  lu  the  pipe  ranges  seldom 
allow  such  long  lengths  to  be  used.  A  great 
deal  can.  however,  be  done  In  this  direction 
by  careful  design. 

Flanges  should  be  made  of  steel  pr^ed  out 
of  the  solid,  and  he  either  riveted  or  welded  in 
place.  All  flanges  should  be  turned,  both  on 
the  faces  and  rim.  after  fixing  on  the  pipes.  In 
the  writer's  opinion  tadng  strips  are  uuneo- 
essary.  There  are  various  methods  of  making 
the  actual  Joint  between  the  pipe  flanges.  Cor- 
rugated gun-metal  rings,  with  mastic  cement, 
make,  perhaps,  as  good  a  job  as  any,  but  some 
engineers  prefer  a  softer  and  more  elastic 
packing.  Nothing  should  be  used  tor  Jointing 
material  which  will  soften  under  water  or  con- 
tract with  heat,  and  the  last  word  on  Joint- 
making  has  not  yet  been  written,  as.  at  the 
best,  joints  are  always  liable  to  give  trouble. 

More  mistakes  have  probably  been  made  in 
the  deeign  of  the  draining  arrangements  of 
Bteam-plpe  systems  than  in  any  other  point  in 
connection  with  them.  The  mistakes  have  been 
due  principally  to  a  failure  to  appreciate  prop- 
erly a  few  simple  facts  relating  to  the  flow 
of  water  in  steam  pipes.  These  are: — (a) 
Water,  when  left  to  Itself,  will  always  flow 
downhill:  (b)  water  will  flow  uphill  when  It 
has  a  force  behind  it  stronger  than  gravity; 
fe)  steam  will  supply  such  a  force. 

While  the  use  of  Buperheated  Rteam  reduces 
to  a  minimum  the  risk  of  water  forming  In  the 
steam  pipes,  so  long  as  there  is  a  rapid  trans- 
ference of  steam  from  the  boilers  to  the  en- 
gines, there  are  nearly  always  certain  lengtas 
of  pipe  in  the  system  which  are  Idle.  Here 

the  steam  Is  bound  to  coiulense  if  the  pipes 

are  kept  "alive,"  and,  if  they  are  shut  off,  there 
Is  always  a  great  risk  of  water  forming  In 

them  when  they  are  again  oiifiied  to  the  steam. 

The  draining  arrangements  must,  therefore, 
satisfy  two  conditions,  vis.:— 

(1)  They  must  keei)  the  stcam-piiie  s\stem 
eutirely  free  from  water  when  no  steam  is  pass- 
ing to  the  engines.  That  Is.  It  should  be  pos- 
Bible  to  open  the  stop  v.ilve  of  any  engine  at 
any  time  without  risk  of  water  following. 

(2)  Should  any  water  form  in  the  pipes 
while  carrying  steam  to  the  engines,  or  should 


any  water  come  over  from  the  boilers,  it  must 
be  prevented  from  (a)  reatihlng  the  englnee.  or 
(bl  causing  "water  hammer"  In  the  pipes. 

To  meet  the  first  condition,  the  pipes  must 
be  arranged  so  that  all  water  will  flow  by  grav- 
ity to  certain  defined  points,  where  It  can  be 
collected  and  drained  oft.  To  meet  the  second 
condition  the  pipes  must  be  arranged  so  that 
the  water  will  flow  naturally  lu  the  satno  di- 
rection as  the  travel  of  the  steam. 

The  velocity  of  the  flow  of  steam  in  modem 
steam-pipe  system  Is  so  great  (frequently 
over  a  mile  per  minute)  that  the  water  can 
only  be  satisfactorily  trapped  by  passing  the 
steam,  at  the  lowest  point  of  the  system,  and 
close  to  the  engines,  through  large  separators. 
Hero  Ita  veloolty  can  be  lowei«d.  and  Ita  dlxoo- 
tion  ot  motion  suddenly  changed  at  the  same 
time. 

Next  only  In  Importance  to  the  draining  arw 

rangement  is  the  provision  made  for  expansion 
and  contractioa  of  the  steam-pipe  system  under 
varying  temperatures.  When  first  erected,  and 
before  any  steam  is  passed  through  them,  the 
temperature  of  the  pipes  and  valves  is  that  of 
the  air  of  the  room,  say  about  60*  F.  Tho 
temperature  of  saturated  steam  at  180-lb. 
pressure  is  about  380"  F.,  a  rise  of  about  3^0* 
P.;  while.  If  superheated,  the  temperature  la 
commonly  taken  as  high  as  G.'iO"  F.,  and  some-; 
times  higher.  The  linear  expansion  of  a  steam* 
pipe  Is  about  0.000007  of  Its  length  for  every 
degree  (F.)  rise,  so  that  a  rise  of  320*  F. 
means  an  expansion  of  over  one-quarter  of  an 
Inch  on  every  length  of  10  ft.,  or  more  than 
0.2^'r.  A  corresponding  contraction  takes  place 
as  the  temperature  of  the  pipes  la  lowered.  The 
racking  strains  set  up  by  these  movements 
would  quickly  break  the  pipe  joints,  and  prob- 
ably wreck  the  whole  system  in  a  short  time, 
unless  some  means  were  adopted,  not  only  to 
take  up  the  expansion  and  contraction,  but 
also  to  control  the  direction  of  the  movement. 
The  first  Is  met  by  the  provision  of  sulUble 
bends,  which  allow  the  pipes  to  have  a  limited 
movement,  and  the  second  by  anchoring  or  se- 
curing the  pipes  to  the  building  at  certain 
points,  so  that  the  movements  of  the  whole 
system  are  sub-divided  in  proportion  to  the 
number  of  expansion  bends  provided. 

The  anrhoi  iiig  is  done  by  the  use  of  cast-irott 
stools  bolted  to  the  walls  or  stanchions,  with 
heavy  wrought-lron  straps  clamping  the  pipes. 
A  slab  of  asbesto?  slate  should  be  inserted  be- 
tween the  stools  and  the  steel  work  to  which 
they  are  bolted  to  reduce  leakage  of  heat.  All 
other  supports  tor  the  pipes  should  provide  tor 
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free  movement,  and  rollers  are  generally  used. 
Cam  niMt  Iw  tak«i,  mhtn  arraodns  tlie  ex- 
pansion bends,  that  they  do  not  In  any  way  in- 
terfere with  the  tree  draining  of  tbe  pipes.  U- 
bmds  sbrald  always  be  flmd  perfectly  1iorl»ni> 
ta).  or  they  will  form  water  pockets. 

When  a  number  of  branches  are  taken  out 
of  a  loBg  pipe,  stteh  as  the  boiler  and  engine 
branches  on  a  main  header,  it  is  not  sufflcient 
to  provide  expansion  bends  in  the  header.  Tbe 
bmndies  must  move  with  the  header,  and.  If 
they  are  short,  or  arc  anchored  too  close  to  the 
header,  the  Joints  wiU  quiclcly  give  out.  Tbls 
Is  freqnentlr  the  ease  with  the  branches  to  tbe 
steam  separators,  as  the  separators  are  usually 
fixed  dose  under  or  very  near  to  the  header. 
The  engine  stop-valTe  Is  bound  to  be  a  fixed 
point,  and,  In  the  writer's  opinion,  the  whole 
of  the  pipe  work  between  the  engine  stop-valve 
and  tbe  main  header.  Including  the  separator, 
should  be  free  to  move. 

This  has  been  done  by  mounting  the  separa- 
tors npon  special  stands  idth  bsll  bearings  and 
s^prlngg,  so  that  each  separator  Is  free  to  move 
in  any  direction,  either  up  and  down  or  side- 
wsTs.    In  flzing  all  pipe  bends  wbitOi  mar 


have  to  take  up  expansions  and  contractions* 
they  ehonld  be  spmng  Into  place  so  tbat,  at 

the  two  extremr>r  nf  cold  anri  hn*,  thry  ttI!! 
have  moved  equally  either  way  from  the  nat- 
ural Aape  Yhen  at  rest. 

In  order  to  minimize  the  eflOct  of  any  acci- 
dental stoppage  of  any  part  of  the  pipe  work, 
and  to  give  facilities  for  repairs.  It  Is  neeas- 
sary  to  nse  a  ntimber  of  valves  other  thnn 
those  immediately  on  the  boilers  and  engines. 
Valves  must  be  ffarad  In  tbe  main  header  b»> 
tween  the  various  branchf^:^,  ami  valves  should 
also  be  fixed  at  the  root  of  each  branch  where 
It  leaTes  the  header. 

All  valve  wheels  and  handles  should  bo  so 
placed  that  they  are  readily  accessible,  and  all 
TsWes  should  be  of  the  "fnlKway**  type*  ao 
that  there  Is  no  restrlctinn  to  the  passage  of 
either  steam  or  water.  Tbe  positions  for  valves 
require  venr  carefvl  oonsldsntlon.  Ther 
should  never  be  placed  at  the  bottom  of  a  ris- 
ing pipe  such  as  the  one  leading  from  a  sep- 
arator to  an  engine.  But  If  tbe  principles  of 
correct  drainage  which  have  been  suggested 
are  carried  out  the  valves  cannot  well  be  othoro 
wise  than  In  the  correct  poslttona. 


PHOSPHOR-BRONZE 

By  EDWIN  S.  SPERRY 

C0NDEN3ED  FROM  "THE  BRASS  WORLD" 


The  term  phosphor-bronze  is  used  to  desig- 
nate an  alloy  of  copper,  tin,  and  pbosphoms. 

or  of  copper,  tin,  lead,  and  phosphorus.  The 
phosphorus  is  added  in  small  guantitles  with 
the  sole  object  of  reducing  the  oxide  of  copper 
that  forms  duriug  melting.  In  fact,  any  phos- 
phorus that  Is  added  over  and  above  that  re- 
quired for  deoxidising  tbe  bronze  Is  actually 
Injurious. 

Phosphor-bronze  may  be  made  in  two  ways: 
First,  by  Introducing  pbosphoms  Into  a  mix* 
ture  of  copper  and  tin;  second,  by  introducing 
the  phosphorus  Into  molten  tin  and  making  a 
rho8phor*ttn.  Tills,  In  tnm,  Is  added  to  the 
copper  and  tin  mixture  as  a  csrrier  of  tbe 
pbosphorus. 

"Hie  introduction  of  phosphorus  into  copper 
and  tin  while  melted  Is  open  to  the  objection 
of  excessive  loss  and  danger.  It  is  successfully 
done  every  day,  bowever.  but  reaulrea  «iperl- 


ence  and  care.  The  yellow  sticks  of  phos- 
pbons,  kept  under  water  to  prevent  spontan- 
eous Ignition,  ar>  i  hi  o  l  in  a  bell-shaped  ar- 
rangement of  graphite  called  a  phosphorlser, 
and  the  whole  Is  pushed  down  under  the  snr* 
face  of  the  molten  copper.  A  violent  ebulli- 
tion takes  place  with  much  loss  of  phosvborus 
and  danger  to  tbe  operator.  From  SO  to  SO^ 
of  the  phosphorus  burns,  and  the  rest  alloys 
with  tbe  copper.  Tin  is  now  added.  If  desired, 
or  it  may  be  added  to  the  oopper  before  the 
phosphorus  is  iutrodueed.  The  result  la  a 
phosphor-bronze. 

Phosphor-ttn  Is  made  In  the  manner  pre- 
viously mentioned,  except  the  phosidiorus  is 
Introduced  into  molten  tin.  As  tin  melts  at 
a  much  lower  temperature  than  oopper  tbe  In- 
iroduciiou  of  phosphorus  Is  attended  wltb  less 
loss  and  danger. 

Tbe  waste  of  phosphorus  In  nMOctag  phoe- 
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phor-tin  la  lew  than  in  adding  It  to  copper.  It 
usually  wastes  about  but  this  loss  de- 

pends u{K>a  Xh6  maimer  iu  wklch  the  ptioe> 
phorm  to  iiddtd,  snd  tte  hMt  of  th*  tfai.  It  fi 
well  to  kM|p  the  hMt  of  tbo  tin  m  low  m  poe- 
sible. 

An  alloy  of  tin  and  phorphMnta  eontalftfng 

5%  of  pbosphoruB  Is  usually  employed.  It  Is 
atab]e»  and  may  be  melted  wltb  very  Uttle  loss. 
It  la  the  beet  mixture  of  tin  and  phosphoraa  to 

use.  In  order  to  make  it  about  6  lbs.  of  phos- 
phoraa are  introduced  into  100  iba.  of  tin.  The 
loaa  Trill  reduce  the  amount  which  alloya  with 

the  tin  to  about  The  phosphor-tin  is  cast 

into  amall  bars  so  they  may  he  easily  broken. 
Mahlng    Phoaphor-hronse. — ^Aa  previouily 

mentioned,  the  function  of  tbe  phosphorus  is 
to  remove  the  oxygen  that  is  absorbed  when 
the  copper  melts.  The  beet  phosphor-bronie 
contains  Just  enough  to  do  this  and  no  more. 
The  determination  of  the  amount  necessary  to 
reduce  the  oxide  of  copper  is  quite  diflScult,  as 
no  two  melts  of  copper  oxidize  the  same.  One 
may  be  heated  hotter  or  longer  than  another, 
and  thus  absorb  more  oxygen.  For  a  good 
melt,  however,  it  has  been  found  that  about 
0.05%  of  phosphorus  Is  sufficient.  Frequently 
less  will  answer,  and  if  more  is  required  the 
copper  probably  has  ijoon  "burnt"  In  melting. 
In  making  sand  castings  where  scrap  is  used. 
It  Is  often  advisable  to  add  more  than  enough 
to  deoxodize  the  copper,  so  tliat  when  the  scrap 
Is  melted,  the  phosphorus  will  not  entirely 
oxidize  out  From  0.10  to  0.26%  of  phoe- 
phorus  is  advisable  for  this  class  of  work. 

The  copper  is  melted  in  the  usual  manner, 
the  tin  is  then  added,  and  lastly  the  phosphor- 
tin.  If  lead  is  used  in  the  mixture.  It  may  be 
added  after  the  tin.  The  mixture  is  now  stirred 
with  a  plumbago  stirrer,  as  iron  will  not 
answer.  Pbospliorus  attacks  red-hot  iron  -n-ith 
grmt  eagerness,  and  a  stirrer  is  soon  dissolved. 
When  thoroughly  mixed  the  metal  is  poured 
Into  castings  or  ingots.  Where  strength  is  the 
chief  consideration  phosphor-bronze  gives  far 
better  results  in  sand  castings  if  melted  twice. 

Mixtures  for  Rolling. — ^Phosphor-bronze  mix- 
tures for  rolling  must  never  contain  over  0.05% 
of  phosporous.  If  they  do  they  will  surely 
eradc  In  rolling.  From  0.02  to  0.03%  Is  usually 
safer.  These  mixtures  seldom  contain  lead, 
as  it  renders  the  metal  brittle  and  difficult  to 
roll.  The  hardness  and  atrength  of  the  mix- 
ture depend  upon  the  amount  of  tin  that  is 
used.  When  the  tin  does  not  exceed  8%  the 
metal  win  roll.  But  with  such  a  high  percent- 
age of  tin  rolling  is  quite  difllcult,  and  Is  only 
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used  for  diain  metals  or  similar  strong  alloya. 

For  ordinary  use  the  in  content  runs  from  3 
to  5%,  depending  upon  the  requirements. 

Phosphor-bronse  Spring  Mixture. — One  of 
the  iirincipal  uses  of  phosphor-bronze  sheet  and 
wire  Is  In  the  form  of  springs.  Inasmaoh  as  it 
does  not  contain  sine,  the  springs  do  not  orya- 
talllze  in  service.  Zinc  should  never  bo  added 
to  a  phosphor-bronze  when  a  good  metal  ia  de- 
sired. It  cheapens  it,  but  injttiw  ttt  atrwigtii. 
A  good  mixture  for  phosphor-bVOliSa  SpVlnCB 
consists  of  the  following: 

Copper   95  lbs. 

Tin    4%  Iba. 

0%  phosphor-tin    %  lb. 

While  hard  this  mixture  will  roll  success- 
fully If  good  copper  and  tin  are  used.  Leas  tin 

will  give  a  softer  mixture.  No  matter  how 
the  tin  Is  changed  to  meet  a  requirement  the 
phosphor-tin  must  remain  the  same.  Xelther 
increase  nor  reduce  It. 

Sand  Castings  for  Strength. — While  phos- 
phor-bronse cannot  equal  aome  of  the  other 
bronzes  for  strength,  Its  good  casting  qualities 
render  it  a  satisfactory  material  to  use.  It 
Is,  however,  mudi  superior  to  all  gun-metal 
and  the  well-known  SS-10-2  mixture.  In  order 
to  produce  strong  phosphor-bronze  castings, 
however,  it  la  necessary  to  keep  the  phosphoma 
low.  I  have  obtained  excellent  results  with  a 
phosphorus  content  of  0.05%.  A  larger  quan- 
tity reduces  the  strength  In  the  proportion  that 
It  Is  Increased.  With  the  O.OG'T'r,  however,  the 
metal  cannot  be  melted  over  as  many  times  as 
it  can  with  a  greater  qnantlty. 

For  phosphor-bronze  castings  of  the  highest 
poseible  strength  the  following  mixture  Is  ex- 


oellent: 

Copper   90  lbs. 

Tin    9  lbs. 

5%  phosphor-tin   1  lb. 


The  mixture  Is  made  according  to  thto  for- 
mula, poured  Into  Ingots  and  then  remelted 
and  poured  into  sand  castings.  The  remelt^ 
Ing  Increases  the  strength.  For  ordinary  pur^ 
poses,  where  the  utmost  strength  Is  not  re- 
quired, the  aecond  melting  may  be  dispensed 
with.  Sand  eastings  made  in  green-sand  molds 
from  the  previous  mixture  will  give  from  40,- 
000  lbs.  to  50,000  lbs.  per  square  inch  tensile 
strength.  If  more  ductility  la  required  the 
amount  of  tin  may  be  decreased  and  more  will 
render  it  less  ductile.  The  amount  ol  phos- 
phor-tin should  not  be  changed. 

For  ordinary  work  wlu  r*'  a  medium  strength 
ia  required,  and  when  the  scrap  must  be  used 
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PT»r  and  over  as»ta»  tbm  tollowlns  mtxtura  tB 

r*com men  fled : 

Copper  *0  lbs. 

Tin    8  lbs. 

5%  pbosphor-tin   t  Ibi. 

The  scrap  from  thib  mixture  may  be  used 
over  &ad  over  agaia  with  good  results.  The 
metal  casts  well,  and  U  stronger  tbao  gun- 
metal.  In  making:  strong  pliosphor-bronze  the 
beat  copper  and  tin  should  be  used,  and  the 
phospbor-tlD  must  be  free  from  lead.  Lake  f»p> 
per  and  Straits  tin  give  the  best  results. 

Bearing  Mixtures. — Phasphor-brunze  for  use 
as  bearings  must  always  contain  lead  (except 
in  the  case  of  roll-nock  brasses,  ^hieh  shoul'l 
contain  very  little  ur  uuae  at  all).  It  is  lead 
that  giT«B  the  bearing  its  good  antl-MetiODal 
qualltlps.  The  pho.'iijhrini"  prevents  the  sep- 
aratiuQ  of  the  lead,  l/ead  may  be  present  In 
the  mixture  up  to  16%,  but  the  majority  of 
makers  use  less.  Tin  must  be  used  in  the 
mixture  with  the  lead  in  order  to  prevent  its 

separation.  A  good  general  mlxtnre  tor  phos- 


phof'4inmte  bearlnga,  and  one  which  the  test 

of  time  has  proved  to  be  M,  la  the  following: 

Cooper   80  lbs. 

Tin    S  Iba. 

Lead   10  Ibi. 

ijhos|ihor-tiu    2  lbs. 

I'oints  to  be  Noted.— Zluu  should  never  be 
present  in  phoiphoi^bronse.  It  caneee  liqua- 
tion and  the  a'^compauylng  formation  of  "tin- 
spots"  in  a  marked  degree.  Theae  are  small, 
hard,  white  maaaes  in  the  interior  of  the  cast* 
ing.  They  are  so  hard  that  a  file  will  fre- 
quently not  touch  them.  They  are  really  the 
liquation  (separation)  of  an  allojr  of  oopper, 
Mn,  and  phosphorus  different  from  the  parent 
mixture.  The  excess  of  phosphorus  in  such 
mixtures  is  the  cause  of  it. 

If  a  brass  founder  would  keep  the  content  of 
phosphorus  down  in  the  mixtures  to  that  pr^ 
viously  given,  and  not  add  any  dnc  he  would 
be  able  to  make  phosphor-bronie  castings  that 
would  equal  any  now  produced.  These  two 
polttta  are  really  the  secret  of  anceess. 


NOTES  ON  REINFORCED  CONCRETE  WORK* 

By  H.  H.  FOX 


To  make  the  best  poislhle  reinforced  oon- 

Crete  it  Is  necessary: 

1.  That  the  forms  should  be  strongly  built, 
smoothly  llnlsbed*  as  nearly  as  possible  water* 
tight,  and  left  In  place  until  the  concrete  la 

self-suipporting. 

2.  That  the  retnforeement  should  bo  de> 

signed  to  relieve  the  conerete  of  all  stresses 
which  concrete  cannot  safely  withstand,  and 
to  be  amply  protected  from  fire  and  weather 
by  fontretH  on  all  slides;  that  the  reinforrc- 
ment  should  be  so  securely  fixed  in  place  be- 
fore concreting  that  the  «^cretlng  will  not 
disturb  it. 

3.  That  the  concrete  should  be  mixed  and 
placed  hi  such  a  way  that  the  final  production 

will  be  homogeneous  and  without  voids. 

First. — Forms  should  be  built  of  matched 
and  dressed  lumber  and  should  be  greased  to 
make  them  part  easily  from  the  concrete.  The 
length  of  time  which  should  be  allowed  to 
elapse  before  removing  forms  depends  upon 
two  tactoro — ^the  weather,  and  the  load  to 


'From  «  pnpr  entitled  "Rrloforccd  Concrete  from  tlie 
Conmclor'a  Standpolat."  r«a<l  b«(ot«  th*^  National 
Aawctatlon  c{  Otaivnt  tTMn.  fiuOUo,  Jan.  24,  IDOB. 


which  the  member  in  question  will  be  sub- 
jected ufKin  removal  of  the  forms.  The  fact 
that  the  concrete  sets  more  rapidly  the  warmer 
the  weather  needs  no  elaboration.  It  Is,  how- 
ever, never  out  of  place  to  utter  a  warning 
against  taking  risks  with  concrete  in  cold 
weather  Seratchlng  concrete  with  a  knife 
gives  one  a  rouph  idea  of  its  strength  pro- 
viding one  scratches  often  enough  to  become 
thoroughly  familiar  with  the  behavior  of  eon- 
erete  under  the  knife.  In  Pieneral  the  nearer 
the  load  to  bo  sustained  approaches  the  load 
for  which  the  member  was  designed,  the  longer 
the  forms  must  remain.  Thus  the  forms  for 
an  overhanging  cornice  should  remain  in  place 
longer  than  the  forms  for  almoet  any  other 
member,  because  tho  dead  welcht  of  the  cor- 
nice is  a  very  large  percentage  of  the  total 
weight  which  It  is  designed  to  carry.  By  sim- 
ilar reasnntntr,  roof  forms  Fhould  remain  longer 
than  fioor  forms,  floor  forms  longer  than  col- 
umn forms,  column  forms  In  the  top  story  of  a 
building  longer  than  column  forms  in  a  lower 
story,  and  column  forms  in  general  longer 
than  footing  forms. 
It  Is  Tery  Important  that  forms  should  b« 
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■o  designed  that  the  column  forms  may  be 
removed  without  In  any  way  disturbing  tlM 
supports  of  the  beams  and  girders  bearing  on 
these  columns.  Id  this  way  a  defect  In  a  col- 
umn may  be  detected  and  remedied  before  any 
load  i9  brouet"?  to  bear  upon  the  columu.  In 
removing  beam  and  girder  forma,  tho  posts 
•boald  be  removed  tnm  only  one  beam  or  gir- 
der Bt  a  time,  and  as  soon  as  the  form  for  this 
beam  or  girder  is  removed,  the  pcwts  should 
be  Immediately  replaced.  By  this  procedure, 
danger  of  failure  o(  concrete  through  poor 
workmanship  is  much  diminished,  as  a  defect- 
ive member  la  aupported  by  tbe  munben  on 
either  side  of  It  until  the  defect  may  be  rem- 
edied. The  practice  of  removing  all  the  posts 
Wider  a  floor  at  the  end  of  a  glTen  periods- 
one,  two  or  three  weeks — without  pausing  to 
remove  tbe  forms  one  at  a  time,  examine  the 
workmanaldp,  and  replace  the  poets,  cannot  be 
too  strongly  condoninod;  both  because  of  the 
possibility  of  defective  workmanship,  and  be- 
cause the  concrete  floor,  even  If  not  defeetlTo, 
nia>  not  be  strong  enough  to  carry  in  addition 
to  its  own  weight  the  weight  of  tbe  one  or 
two  floors  which  may,  by  the  time  the  forma 
are  r>'nioved,  have  been  constructed  above  It. 

There  is  less  danger  in  taking  down  column 
forms  when  the  concrete  la  8<  hours  old,  and 
floor  forms  when  the  concrete  Is  five  days  old, 
if  the  posts  of  each  member  are  removed 
separately,  and  as  soon  as  possible  replaced, 
than  there  Is  In  knocking  out  all  the  posts 
under  a  large  pieco  of  floor  In  three  weeks. 

Stirrups  should  touch  the  forms  only  in  two 
points  and  be,  therefore,  well  protected  against 
fire.  The  stirrups  should  not  be  relied  upon  to 
support  the  tension  bars  in  place,  but  hangers 
should  be  used.  As  these  haimi  rs  are  of  no 
further  value  after  the  concrete  Is  in  place,  the 
fact  that  they  are  supported  directly  on  the 
forms,  and  are  thus  not  flreproofed.  Is  of  no 
Importancf.  The  middle  portion  of  tension 
bars  in  beams  and  girders  is  thus  held  in  place 
by  hangers;  the  ends  are  held  In  place  by  be- 
Irtr  la^f»d  with  wire  to  one  another  nud  to  the 
vertical  reinforcement  In  the  columns.  The 
bars  In  the  floor  slab  are  supported  off  tbe 
fnrmp  n«  follows:  In  order  to  obtain  continti- 
ous  action  over  beams  every  alternate  tension 
bar  In  the  floor  slab  la  sprung  up  where  It 
crosses  a  beam,  belnc:  supported  at  the  edge 
of  each  beam  by  a  short  piece  of  baud  iron 
abont  Int.  narrower  than  the  thickness  of 
the  floor  slab,  and  bent  to  an  an^le  of  about 
f 0*.  so  that  It  will  stand  on  edge  by  itself,  in 
the  middle  of  each  span  a  bar  rims  at  right 


angles  to  the  tension  bars,  on  top  of  the  ten- 
sion bars,  and  is  held  at  any  desired  distance 

above  the  floor  by  staples  into  the  floor  cover 
and  by  the  lifting  tendency  of  tbe  tension  bars 
which  are  sprung  up  over  the  beams.  The 

other  tension  bars  are  then  raised  from  the 
floor  by  laciug  them  with  wire  to  this  central 
bar. 

To  Insure  flrcprnoflng  in  columns,  four  sticks 
are  used  in  tamping  tbe  concrete  columns,  and 
these  sttoks  are  run  down  one  on  each  side  of 
the  rnlnmn  between  the  hoop  or  spiral  rein- 
forcement and  tbe  form,  thus  insuring  an 
amount  of  flreprooflng  equal  at  least  to  tlia 
thirknnss  of  the  stick.  The  vertical  reinforce- 
ment is  placed  inside  the  hoop  or  spiral  rein- 
forcement. 

Concrete  should  not,  unless  it  is  absolutely 
necessary,  be  dumped  from  a  wheelbarrow  di- 
rectly against  the  form,  but  should  be  dumped 

on  the  soft  concrete  already  in  place.  The 
mortar,  flowing  more  freely  than  the  stone, 
keeps  slways  ahead  of  the  mass,  and  atones 
falling  in  this  mortar  find  a  perfect  bed;  where- 
as If  a  barrowlul  of  concrete  is  dumped  Into  a 
dry  beam  the  stones  may  become  Jammed  be- 
tween the  forms  and  the  steel  and  form  a 
pocket  into  which  the  mortar  will  not  enter. 

In  concreting  columns  It  Is  necessary  to  pro- 
ceed slowly  at  tbe  bottom  of  the  column  and 
to  tamp  the  first  foot  with  great  care.  Attar 
the  mortar  flushes  to  the  surface  over  the  en- 
tire section  of  the  column,  there  is  little  danger 
of  voids  being  left  In  the  part  of  the  column 
above  the  first  foot  if  a  sufBciently  wet  mixture 
is  used.    Walls  should  be  similarly  handled. 

.•\n  exterior  roliinin  Is  usually  made  square 
fur  arcblteclural  reabous.  An  interior  column 
Is  oetasoaal,  partly  for  architectural  reasons, 
partly  to  save  concrete.  This  savlnc;  Is  due  to 
the  fact  that  in  a  column  reinforced  with  a 
spiral,  the  concrete  outside  the  spiral  Is  not 
fitruri  d  In  adding  compressive  strenpth  to  the 
column;  and  therefore,  if  this  column  is  square, 
tbe  concrete  In  Its  four  comers  Is  waated. 

Two  sides  of  the  columns  are  held  toercther 
by  bolts;  the  two  opposite  sides,  by  hardwood 
wedges  between  the  bolt  and  tbe  form  aa  dose 
as  possible  to  the  end  of  the  holt.  Tn  some 
cases  tbe  sides  are  made  up  of  narrow  strips. 
This  Is  to  facilitate  the  reduction  In  tin  of 
the  colntiuis  from  Hoor  to  floor.  In  warm 
weather  there  is  no  need  of  having  more  col- 
umn forms  than  one  complete  set  for  one 
story,  even  when  work  la  progressing  at  the 
rate  of  a  story  in  live  or  six  days.  In  a  ten- 
story  building  esch  column  form  Is  then  used 
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ten  itmw,  once  in  eaeh  story.   BmIi  of  Oieae 

narrow  Btrips  represents  the  reduction  in  diam- 
eter of  the  column  from  one  story  to  tho  next. 
Tbe  outside  and  inside  of  the  exterior  oolunm 
form  tn  not  made  up  of  narvow  stilps  for 
the  reason  tt^at  exterior  columns  are  usually 
the  aaine  width  from  basement  to  roof.  To 
reduce  the  section  of  an  exterior  ooluiiin.  only 
the  thlrkn^FTf?  )a  rpd'joed. 

Ill  removing  forms  tue  culumn  forms  are 
lint  ranond.  Kcott,  tbe  posts  are  taken  from 
under  the  girder.  The  girder  bottom  then 
drops  and  the  posts  are  immediately  replaced. 
Tbo  natl*  are  drawn  mm  the  k^,  which  la 
aadM  only  to  the  girder  aide;  tbe  kvr  la 


knocked  out,  the  poats  are  taken  from  under 

the  beam,  the  so-called  "apreaders"  are 
knocked  from  under  tbe  cover,  and  the  beam 
form  eonei  down  fn  one  piece.  The  girder 
sides,  which  arc  beveled  at  the  ends,  come  out 
easily  as  does  also  tbe  cover,  which  is  beveled 
on  all  four  edgea. 

In  warm  weather,  with  a  complete  set  of 
forms  for  one  story,  a  speed  of  construction  of 
one  story  In  eight  or  nine  working  days  may 
be  attained.  With  one  comi)lcte  set  of  column 
forms  and  a  set  and  a  half  of  floor  forms,  a 
speed  of  a  story  a  week  may  b«  attained.  The 
alee  of  the  building  In  plan  makea  very  Uttla 
dUEerenoe. 


SPEED  REGULATION  OF  HIGH  -  HEAD 
IMPULSE  WATER  WHEELS 

By  H.  S.  KNOWLTON 

PROM  "THB  BNOINBntlKO  AND  UINDTO  iOOBMAL" 


The  spe«d  regulation  of  high  pressure  im- 
pulse wbeela  wltb  deflectlag  noniteB  la  the 

easiest  problem  in  governor  engineering.  A 
small  regulator  developing  from  2,500  to  7,000 
ft  Itaa.  la  powerful  enough  for  the  largeat  unite. 
Thr're  troi  prnors  should  be  of  the  oil-presBviro 
type.  Such  machines  may  be  wholly  self-con- 
tained. The  oonnections  between  the  governor 
and  the  nozzle  are  simple  and  iuoxpensive.  and 
the  degree  of  speed  regulation  is  about  tbe 
aame  as  with  a  steam  engine.  The  problem  of 
getting  the  best  possible  speed  regulation  from 
a  bigb-presaure  turbine  or  an  Impulse  wheel 
with  needle  Taire  control  at  tbe  end  of  a  long 
pipe  line  is  troublesome  on  account  of  the  fact 
that  the  inertia  of  a  long  column  of  water  can- 
not be  changed  with  sufficient  rapidity.  A  5-ft. 
pipe  line  5.000  feet  long,  with  a  maximum  in- 
flow of  8  ft.  per  second,  and  a  head  of  400  ft. 
gives  theoretically  an  output  of  5,600  HP.  The 
actual  weight  of  water  In  the  pipe  would  be 
over  3,000  tons,  which  exceeds  that  of  a  loaded 
freight  train  half  a  mile  long.  It  would  be  a 
dtffleult  matter  to  bring  each  a  train  from 
rest  to  a  speed  of  8  ft.  per  second,  or  stop  !t 
from  that  speed  within  a  second  or  two.  yet 
thia  la  Juat  what  eome  englneera  expect  can  be 
done  with  an  equlvatent  water  column. 


While  it  is  impossible  to  determine  tbe  ao> 
tnal  initial  Mie  oC  preaanre  cauaed  by  a  aoddMi 

closing  of  the  turbine  gates,  tbe  matter  Is  made 
even  more  complex  by  pressure  waves,  which, 
originating  near  the  gate,  travel  back  and  forth 
through  the  water  with  the  velocity  of  sound, 
setting  the  whole  mass  into  vibration  like  an 
organ  pipe.  The  atress  may  be  greateat  near 
the  middle,  and  the  need  of  a  relief  valve  Is 
apparent.  Tbe  valves  must  move  to  tbe  re- 
quired poeltton  without  osdllatlon  In  order  to 
be  effective,  and  must  also  oi>en  quickly.  The 
time  of  closing  jnust  be  long  compared  with  the 
vibration  pitch  of  the  water  column.  The  lat- 
ter requirement  is  rather  difficult  with  pipe 
lines  several  miles  long.  Special  valves  are 
now  built  which  will  open  instantly  and  con- 
sume several  minutes  la  doalng,  the  ipeed  of 
action  being  adjustable. 

Though  it  is  possible  to  pre%'ent  excessive 
riie  In  preaaure  due  to  reduction  In  velocity 
of  long  water  rohimn?.  no  means  has  been  de- 
vised to  produce  quick  acceleration  of  the 
water,  when,  because  of  audden  Inereaae  of 

load,  the  speed  of  the  ttirblne  beKlns  to  fall. 
It  may  be  several  seconds  before  the  water  ac- 
celeratea  enough  to  aupply  the  turblne*a  needa. 
Th«i  the  speed  may  be  brought  baA  on  the 
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otb«r  side  of  normal  because  of  excessive  sate 
opening.  When  the  Ko^ernor  ts  made  to  Mt 
without  oacillatlous  which  will  encourage  In- 
creased pressure  vibration  in  the  water  col- 
umn, the  speed  regulation  will  he  poor  It  the 
load  changes  are  sudden  and  large;  it  is  im- 
possible for  this  to  be  otherwise,  because  the 
water  column  cannot  possibly  alter  the  energy 
given  to  the  wheel  feet  enough,  whether  the 
gates  be  In  one  position  or  another.  The  only 
complete  remedy  for  the  troubles  in  speed  reg- 
ulation eenied  hy  the  exeaeslve  Inertia  of  a 
water  eolnnn  ie  aoine  form  of  h7>paae  Talre 


CAISSON 

The  reoeDtly  laened  British  "Report  of  the 

Health  of  the  Navy"  contniDs  :m  interesting 
memorandum  prepared  by  Staff  Sarceon-Gea- 
oral  Rees  on  the  subject  of  "Calaaon  Dlaeaae,** 
an  ahatract  of  which  is  given  herewith.  The 
memorandum  deals  chiefly  with  the  disease  so 
far  as  it  affects  divers,  but  is  also  aplicable 
to  all  eaaea  where  compressed  air  is  used. 

Aa  a  diver  descends  In  the  water,  air  Is 
pumped  to  him  by  means  of  an  air  pump,  which 
heepa  the  air  presanre  In  the  helmet  approxi- 
mately equal  to  the  water  pressure  at  the  level 
of  the  exhaust  valve  of  the  helmet.  It  is  sel- 
dom that  a  cataaon  worher  la  eubjeoted  to  a 
greater  pressure  of  air  than  40  lbs.,  while  the 
diver  at  3&  fathoms  is  exposed  to  a  pressure  of 
Ihe.  per  equare  InOh. 

A  eras  In  contact  with  a  liquid  on  which  It 
has  no  chemical  action  Is  absorbed  b7  the  lianld 
In  amonnta  proportional  to  the  preaaure  under 
which  the  gas  1;  nl  fVf^  time.  In  the  lungs  the 
air  la  practically  In  contact  with  the  blood.  In 
a  mixture  of  gaaea  each  gas  b  aheorhed  by  the 
fluid  as  if  it  alone  were  present.  Kach  of  the 
gases  forming  the  mixture  of  atmospheric  air* 
viz.,  oxygen,  nitrogen,  and  carbon  dlOxMe,  ta 
ahaortied  in  accordance  with  this  law,  but  the 
oTv^en  Is  used  up  by  the  tissues,  and  the  vea- 
tilatioQ  of  the  lungs  Is  such  that  the  CO^  la 
iCept  at  a  fixed  percentage,  no  matter  what 
amount  is  present  in  the  air  breathed.  The  ni- 
trogen is  absorbed  unaltered,  and  in  an  amount 
In  direct  proportion  to  the  pressure.  Dr.  Hill 
has  shown  }iv  experiment  that  the  nmonTit  of 
n'trogen  absorbed  by  the  blood  under  pressure 
eonlorma  to  Salton'e  law.  So  Ions  as  the  diver 
remains  under  pressure  there  Is  no  manlfosta- 
tlOD  of  the  presence  of  the  absorbed  gaa,  but  aa 
aooa  aa  the  preaaure  la  releaaed,  that  la,  the 


directly  connected  with  the  water-wheel  gates, 
arranged  to  open  aa  the  gratea  dooe  and  thua 

keep  the  velocity  of  the  column  nearly  con- 
stant. This  involves  a  freauent  waste  of  water 
equal  to  that  required  for  the  largest  load  ta- 
riatlons,  and  cannot  well  be  permitted  In  many 
installations.  The  compromise  Is  to  sacrifice 
part  of  the  speed  regulation  for  the  sake  of 
water  economy.  Frequently  such  stations  are 
connected  electrically  with  others  where  the 
hydraulic  conditions  are  tavorable  to  good 
apeed  regulation,  whldi  Inanrea  the  ereii  apeed 
of  the  whole  agratem  with  good  efBdenef . 


DISEASE 

gaa  ahould  begin  to  bubble  off.  Fortunately, 

the  blood  is  a  sticky  albuminous  fluid  in  which 
bubbles  do  not  easily  form,  and  la  capable  of 
bting  supersaturated  with  nitrogen  to  twice  Ita 
normal  amount  without  the  formation  of  bub> 
bles.  It  has  been  found  recently  that  fat  can 
take  up  six  times  the  amouut  of  nitrogen  that 
the  same  weight  of  blood  can  ahaorb. 

The  comparative  freedom  of  the  diver  from 
attacks  of  "the  bends"  is  probably  accounted 
far  by  the  fact  that  his  blood  aever  beoomea 
saturated,  owing  to  the  limited  time  he  la  ex- 
posed to  compression. 

The  relative  Immunity  of  divera  to  ealaeeik 
disen?'^  vnries.  Dr.  SncH  has  pointed  out  how 
much  more  liable  the  old  are  than  the  young 
to  Ulneaa  from  thle  cauae.  In  eaaea  oolleetod 
by  him.  the  percentage  ratio  Of  Ulneaa  at  eadi 
age  was  as  foUowa: 


Age.  Per  cent,  of  illness. 
20«26  10.3 
25-SO  24.3 
30>35  20.9 
S6-40  tt.9 
40-45  2C.S 


The  increase  hi  the  percentat;o  of  those  at- 
tacked by  the  disease  after  the  age  of  45  is  so 
exeeaalTe  as  to  make  it  extremely  dangerona  to 
employ  men  who  have  reached  that  age. 

The  toUowing  table,  compiled  by  Mr.  A. 
Smith,  Indicates  the  Influence  of  bodily  habit  on 
health: 


Spare.  Medium.  Heavy. 

Men  who  lost  little  or 


no  time  from  sickness 

25 

14 

S 

^Teii  taken  sick  

26 

22 

36 

2 

3 

8 

8 
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Thew  flffnm  tnggeit  tlitt  dMlrablltr  of  elim- 
inating fat  men  from  thOM  exposed  to  com- 
preiaed  air,  and  are  In  accordance  with  the 
xeaulta  to  be  expected  from  a  scientific  study 
of  the  disease.  A  man  who  carries  about 
with  him  a  huge  reservoir  for  nitrogen 
88  Is  provided  by  the  abdominal  fat,  must  be 
more  liable  to  the  formation  of  bubbles  than 
the  thin,  spare  man.  In  fatal  rases  aftpr  pud- 
den  decompression  bubbles  have  been  found  in 
the  abdominal  £at  wben  tbiwre  were  lume  found 
In  ot3ier  tissues. 

Safet}r  in  decompression  may  be  secured  by 
two  methods:  (1)  Llmitlos  the  time  of  the  wt- 
posure;  (2)  by  bringing  the  diver  np  slowly. 
In  caisson  work  It  has  been  found  that  by  lim- 
iting the  time  of  the  exposure  to  the  com- 
pressed air.  oases  of  paralyelB  hUTe  been  prac- 
tically eliminated. 

;  Various  rates  of  decompression  ha^e  been 

Buggosted.  Paul  Best  recommended  a  rale  of 
twelve  minutes  for  each  atmosphere  of  pres- 
sure; HUler,  Meyer,  and  Von  SchrOtter,  twenty 
minutes  per  atmosphere;  and  Hill  and  Macleod 
the  same  rate.  The  blood,  as  It  leaves  the  left 
side  of  the  heart.  Is  always  saturated  with  air 
to  the  existing  pressure,  and,  111  the  nme  wusr« 
win  be  desaturated  to  the  same  pressure.  The 
blood  leaves  the  arteries  in  less  than  half  a 
mtnutOi  and  in  this  time  bubbles  scarcely  seem 
to  form,  so  that  there  will  be  little  riak  of  their 
actual  formaliou  iu  the  aiterlal  bluod  unless 
ebullition  is  practically  instautaneoua.  With 
vorv  rapid  derompression,  however.  Ptnnl!  bub- 
bles which  have  passed  through  the  capillaries 
Of  the  lunsB  may  easily  increase  In  size  In  the 
arteries. 

If  we  had  only  to  consider  the  saturation  of 
the  blood  by  nitrogen,  the  problem  of  safe  com- 

pre-slon  would  l-e  easily  solved.  The  whole 
of  the  blood  passes  through  the  lungs  once  a 
minute,  and  as  it  Is  at  once  desaturated  to  the 
exlefinc;  prt  Hstne,  all  danger  would  jiasa  away 
one  miaute  after  sadden  decompression. 

tJnfortunately,  the  problem  Is  much  more 
complex,  as  the  saturation  of  the  tissues  has 
tu  be  considered.  Experience  shows  that  cases 
of  aeddent  are  almost  non-existent  when  the 
air  pressure  is  less  than  20  tbs.  plus,  and  it 
would  seem  that  this  immunity  is  due  to  the 
fact  that  bubbles  will  not  readily  form  as  long 
as  the  relative  diminution  of  pressure  Is  kept  at 
a  ratio  of  1-2.  in  comlnK  up  from — 
33  ft.  to  the  surface, 
or  from  99  ft,  to  33  ft. 

"     iRr.  ft.  to  Rfi  ft. 

"     231  ft.  to  yi>  It. 

APRIL. 


there  should  be  no  formation  of  buhhles,  and 

that,  generally,  decouii  :  ^  ;  ston  can  be  safely 
proceeded  with  If  the  difference  between  the 
relative  preraurM  of  the  air  and  nl- 
trogen  dissolved  In  the  blood  and  tla> 
sues  Is  not  more  than  In  the  propor- 
tion of  about  2  to  1.  This  assumption  is 
of  great  practical  Importance,  as  desaturation 
will  naturally  go  on  faster  the  greater  the  rela- 
tive difference  we  can  establish  without  undue 
risk.  In  gradual  and  equal  deoompreaslOB  the 
absolute  differpnee  between  the  air  pressure 
and  the  nitrogen  pressure  in  the  tissues  neces> 
aarlly  goes  on  increasing,  and  la  greateet  at  the 
end  of  the  process.  When  we  takp  Into  con- 
sideration that  it  is  the  relative,  and  not  the 
absolute,  difference  In  the  nitrogen  presanre 
that  matters,  the  unsuUablllty  of  unlttorm  d^ 
compression  becomes  more  evident. 

Acting  on  the  above  consideration,  sdieme 
of  decompression  of  the  diver  in  stages  has 
been  drawn  up.  Many  experiments  have  been 
carried  out  at  the  Lister  Institute  by  Dr.  Boy- 
cott  and  Lieut.  Damant,  R.  N.,  to  compare  the 
two  methods  of  decompression,  and  the  great 
advantage  of  the  "stage"  method  has  been 
conclusively  proved. 

It  was  found  that  tbe  time  required  to  de- 
saturate  a' diver  who  was  completely  saturated 
with  nitrogen  at  41  lbs.  pressure  (95  ft.)  was 
at  least  SO  minutes.  In  20  fathoms,  or  S'>  Ibg., 
3  V4  hours  would  be  rcquit  ed.  Such  a  length 
of  time  le  Impossible  for  tbe  diver,  so  it  wna 
found  noeespary  to  limit  the  extent  of  satura- 
tion. A  table  has  been  prepared  giving  a  scale 
of  times  that  divera  may  be  allowed  to  stay  la 
deep  water. 

Bubbles  once  formed  in  any  tissue  of  the 
body  are  liable  to  Increase  in  else  as  long  as  the 
pressure  of  nitrogen  In  that  tissue  Is  greater 
than  that  of  tbe  air.  This  will  account  for  the 
fact  that  symptoms  may  go  on  Increaatng  in 
iutenslty  for  two  or  three  hours  after  decom- 
pression. 

Although  Dr.  Rees's   memorandum  deala 

primarily  with  caitson  disease  as  affecting  deep 
sea  divers,  tbe  conciusions  of  the  committee, 
whlcfli  he  aummarizos,  apply  In  like  manner  to 
the  conditions  obtaining  in  caisson  and  other 

forms  of  compressed  air  working. 

The  researebes  Of  Drs.  Hill.  Haldane  and 
Greenwood,  Lieut.  Damant  and  others  have 
romplotoly  revolutlonizid  the  iirartire  of  com- 
pressed air  working  iu  the  last  (ew  years.  It 
la  now  possible  to  carry  out  operations  under 
air  pressures  and  at  depths  formerly  out  of 
the  question,  provided  due  precautions  and 

me. 

Digitized  by  Google 


DESTRUCTION  OF  TAR  IN  GAS  PRODUCERS 


383 


raltable  methods  of  working  are  adopted.  Lieut,  of  210°  ft.  without  detrlmcQt  to  Lealtli.  This 
Damant,  the  recently  appointed  British  naval  depth  undoubtedly  constitutes  a  record  tn  dlT- 
liuip«cCor  of  diving,  lias  deioended  to  »  depth    ins  worli. — ^"Tbe  Bngineer"  (London). 


THE  DESTRUCTION  OF  TAR  IN  GAS 

PRODUCERS 

Br  H.  P.  BEUU  M.  A..  F.  C  S. 

CO.NDE.VSED  FROM  "ENQINEERING" 


The  manufacture  of  producer  gas  was,  dur- 
ing the  earlier  part  of  its  history,  essentially 
n  prooBM  for  tlie  oeonomlonl  uonmiDptlon  of 
fuel  in  heating  furnaces  or  boilers.  Under 
these  oircumstauces  the  use  of  any  consider- 
able parltylnr  plant  was  not  only  nnneeeoaary, 
but  generally  tuen  undesirable,  since  by  con- 
veying the  gas  direct  from  the  generator  to  the 
fnraaee  its  sensible  best  oonld  be  turned  to 
account.  When  clioaj)  gas  came  to  be  required 
for  iateraal-combusUon  engines  it  was  found 
conTsnlent  to  ntske  It  from  ooke  or  sntbrseite, 
which,  as  they  yield  only  comparatively  small 
quantities  of  tar  or  other  residuals,  did  not 
necessitate  the  nee  of  any  very  extenaive  pari- 
tying  ptamk.  Witli  a  rapidly  increased  demand 
for  producer  gas  It  became  necessary  to  use  a 
cheaper  and  more  accessible  fuel  thau  coke  or 
sntbraclte,  and  sinoe  this  ineressed  demsnd 
waa  to  a  large  extent  for  power  gas,  the  purlfl- 
catioQ  of  the  gas  became  a  matter  of  great  im- 
portance. 

The  advantages  of  hitnminous  rna!,  ass  com- 
pared with  anthracite  or  coke,  in  making  pro- 
ducer gas,  are  not,  of  course,  conlkned  to  its 
cheapne.=is  and  the  wide  area  from  which  It  can 
be  obtained,  for  the  volatile  constituents  of 
snefa  eosls  may  also  be  made  a  source  of  adTan* 
tage.  ThoBe  volatile  constituents  vary  consid- 
erably both  in  quantity  and  in  composition, 
but,  generally  spesklng,  the  ealorlfle  value  of 
the  gaseous  hydrocarbons  distilled  from  bitu- 
mloouB  coal  is  about  20%  of  the  total  calorific 
▼atue  of  the  coal.  Owing  to  the  high  ealorlfle 
value  per  cubic  foot  of  this  gas,  it  enriches  the 
total  gas  made  from  the  coal  in  such  a  way 
that,  while  the  quantity  of  heat  In  the  gas  pro- 
duced from  a  given  quantity  of  the  coal  may  be 
no  greater  than  that  from  a  similar  quantity 
of  coke  or  anthracite,  this  beat  is  carrie4  in  a 
smaller  Tolume  of  gas — a  saving  of  bulk  which 


is,  In  many  cases,  of  some  importance.  As  a 
fact,  there  should,  with  suitable  plant,  be  an 
increaeed  economy  In  gas-maktng,  since  the  die- 
tnied  gas  is  procincod  with  proportionately  less 
expenditure  of  heat  than  the  gas  from  an  equiv- 
alent quantity  of  carbon:  and  It  should  be  the 
aim  of  deslKners  of  producor-plaat  for  bitumin- 
ous fuel  to  produce  either  a  richer  gas,  with 
no  decrease  in  economy,  or  an  Increaaed  eoon- 

oiiiy,  with  un  hiss  of  calorific  value.  In  any 
case,  producer-gaa,  which  first  gained  a  footing 
as  a  gas  made  from  coke  or  anthraelte>  irtll  in 
future  have  to  make  its  way  chleHy  as  a  gas 
made  from  bituminous  fuel. 

Of  the  troubles  which  are  due  to  the  presence 
of  tar  in  large  quantities,  one — the  caking  of 
the  fuel— Is  similar  In  effect,  and  has  to  be 
treated,  if  at  all,  iii  a  similar  way  to  the  for- 
mation Of  clinker,  which  is  common  to  all  kinds 
of  coal.  The  distinctive  feature  of  bituminous 
coal  is  the  large  quantity  of  ts-T  which  Is  car- 
ried over  tritb  the  gae,  and  this  tar  muat  be 
separated  from  It  before  the  gas  can  he  used 
in  internal-combustion  engines.  The  tar  fre- 
quently amounts  to  4  or  6^,  and  may  be  as 
hl«h  as  1  ''~'c  of  the  coal.  To  effect  the  separa- 
tion rather  bulky  and  expensive  plant  is  re- 
quired ;  and  it  Is  only  in  esses  where  gas  is  pt«- 
(huL'd  in  very  large  quantities  that  any  satis- 
factory return  can  be  got  from  tar.  Besides 
the  coet  of  the  space  which  Is  occupied  by  the 
recovery  plant,  and  of  the  labor  which  is  r>^- 
qulred  in  connection  with  it,  the  recovery  of 
residuals  Involves  the  introduction  Into  engi- 
neering works  of  a  new  and  quite  foreign  trade, 
for  a  plant  of  this  class  is  in  many  caaea  essen' 
tially  a  chemical  plant,  yielding  producer-gas 
as  a  by-product. 

There  are  two  practicable  methods  by  which 
tar  may  be  destroyed;  osmplete  combustion 
with  air,  and  decomposition  at  a  high  tempera- 
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tuie.  In  tlw  flnt  owm,  tliat  of  complcito  oom> 

busUoD.  the  products— carbonic  nrM  and  water 
rapor — ^must,  for  the  sake  ot  economy,  be  re- 
dttoed  to  carbon  monoiiMA  and  hydrogen  hy 
passing  them  over  hot  coke.  (The  wofd  "coke." 
In  discussing  matters  ot  tliis  kind,  must  be 
used  la  Its  widest  seoae,  meanins  the  carbon- 
aceous residue  from  the  distniatlon  of  any  kind 
ot  bituminous  coal.  It  may  be  a  sandy  sub* 
stanoe  wtthoat  cohesion,  and  It  may  contain 
more  ash  than  carbon;  it  practically  always 
contains  appreciable  quantities  of  bituminous 
•abstanices.)  In  tlM  aeeond  case  tbe  tarry  va^ 
poia  are  passed  directly  over  hot  coke,  or 
through  heated  regenerators,  and  are  thereby 
broken  up  Into,  on  the  one  hand,  gases  such  as 
marsh  gas,  ethylene,  eto:,  with  carbon  mon- 
oxide and  hydrogen;  on  the  other  hand,  Into 
btiavy  hydrocarbons  and  carbon.  Tbe  heavy 
hydrocarbons  are  for  tbe  most  part  burnt  irltb 
the  coke,  so  that  the  general  statemf^nt  is  ap- 
proximately true,  that  the  tarry  vapors  are  de- 
oompoaed  Into  Used  gases  and  carbon. 

In  favor  of  the  flrst  method  It  has  been 
urged,  on  tbe  one  hand,  that  it  is  only  by  com- 
bustion tbat  tbe  tar  can  be  completely  de- 
stroyed, hut  this  Involves  the  separation  of  the 
whole  of  tbe  tarry  vaxM>r8,  which  Is  hardly  pos- 
sible, since  even  gas  made  from  ooke  oontalns 
tar.  On  the  other  hand,  this  method  must  re- 
sult In  impoverishing  the  producer  gas,  since 
the  Tolatfle  gases  of  the  coal  are  burnt  with 
the  tarry  vapors;  bo  that  with  a  really  efficient 
plant  working  on  this  principle  the  final  gas 
will  consist  only  of  carbon  monoxide,  hydrogen, 
and  nitrogen.  Just  us  if  the  gas  were  made 
from  entirely  non-bituminous  fuel.  This  method 
then,  while  it  may  go  far  towards  overcoming 
the  defects,  takes  no  advantage  of  the  merits 
of  hitTiniinuus  fuel.  The  second  method  pre- 
serves most  oi  tbe  valuable  distilled  gases,  and 
oonseaoently  yields  a  rlcber  gas.  even  If  tbe 
destruction  of  tar  is  less  perfect.  Tn  any  case 
complete  destruction  of  tar  is  hardly  practic- 
able even  under  experlUMntal  conditions:  some 
kind  of  cleaning  plant  will  alwayg  be  required 
— at  any  rate.  If  the  gas  is  to  be  used  In  inter- 
aat-combustlon  engines,  and  the  moat  that  can 
be  looked  for  Is  a  reduction  of  tblS  plant  to 
the  smallest  possible  dimensions. 

In  both  metbods  tbe  gases  or  vapors  are 
passed  through  hot  coke,  and  It  Is  therefore 
necessary  to  provide  for  the  maintenance  ot  a 
temperature  high  enough  to  effect  the  r«|utred 
<dtemtcal  actions,  and  of  a  column  of  vuVc  long 
enough  to  make  these  actions  complete.  If,  as 
Is  usually  tbe  case,  the  temperature  Is  main- 


tained bgr  mixing  air  with  the  gaass  aa  they 

pass  through  the  coke,  some  combustion  of  the 
gases  with  the  air  will  occur;  the  desired  re- 
duction win  only  go  aa  far  as  a  point  of  eaoUlb- 
rlum,  depending  on  the  proportion  of  air  pres- 
ent, and  the  resulting  gas  will  oontala  more  or 
less  carbonle  add  and  water  vapor  due  to  this 
combustion.  It  Is  therefore  desirable  to  keep 
as  low  aa  possible  the  quantity  of  air  which  is 
allowed  to  come  In  contact  with  the  hot  gaaee. 

To  avoid  the  use  of  two  kinds  of  fuel,  it  is 
clearly  advantageous  to  use.  tor  the  reduction 
of  tbe  tar,  the  ooke  whldi  made  In  the  pro- 
ducer by  distillation  of  bituminous  coal;  and  It 
is  desirable  to  avoid  any  transference  of  this 
coke  from  one  part  to  another  of  the  plant,  on 
account,  not  only  of  the  labor»  bttt  of  the  loan 
of  heat  which  Is  Involved. 

Tbe  complete  dlBtillutiun  of  tbe  bituminous 
matter  from  coal  Is  a  process  whldi  requires 
the  application  of  a  biirb  temperature — 800* 
C.  (1,470"  F.)  and  upwards — for  a  consider- 
able time.  The  time  whl6h  ia  available  for  dla- 
tlllatlon  In  a  gas-producer  is  tbat  which  elapses 
after  tbe  introduction  of  fresh  fuel  before  It 
enters  tbe  aone  of  combustion;  and  in  nearly 
all  the  single-chamber  producers  which  have 
been  described.  It  is  evident  that,  when  the  fuel 
has  settled  down  to  the  neighborhood  of  the 
gas-outlet,  or  to  a  place  In  which  It  Is  In  direct 
communication  with  the  gas-outlet,  any  tarry 
Tapors  distilled  from  It  wni  pass  off  with  the 
Kas  without  any  chance  of  destruction.  The 
use  of  a  second  chamber  seems,  therefore,  in- 
dispensable for  complete  tar  destruction.  As. 
however,  coke  of  any  kind  always  yields  more 
or  less  tar,  the  production  of  an  absolutely  tar- 
free  gas  would  involve  the  use  In  the  second 
chamber  of  entirely  non-bltumlnous  carbon,  to 
which  tbe  nearest  practicable  approach  would 
be  got  by  using  wood  charcoal. 

Fnrtber,  since  distillation  la  oontinaed  into 
the  zone  of  combustion,  whore  gasification  Of 
carbon  goes  on,  the  combustion  of  the  tarry 
distillates  Involves  Oie  combustion  of  a  large 
part,  If  not  the  whole,  of  tbe  pases  with  which 
they  are  mixed;  indeed,  the  production  ot  really 
tar^free  combustible  gas  requires  the  combua- 
Hon  of  (he  whole  of  the  pases  from  a  penerator 
followed  by  tbe  reduction  of  the  products  of 
combustion.  This  means  that  the  whole  of  the 
heat  of  the  fuel  must  be  made  sensible  In  the 
producer,  and  tbe  loss  of  heat  from  any  ap- 
paratus Increases  with  the  quantity  of  sensible 
heat  which  Is  produced  In  it. 

it  may  be  conceded  that  the  method  of  de- 
composition without  cmnbttsttim  cannot  eflset 
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the  dpstnietinn  of  the  whole  of  the  tar  from 
bituminous  coal;  it  8«ems  evident  from  wbat 
bM  Alnadr  been  mU  thst  maxh  tamtMm  <l«- 
stnictfon  Is  very  difficult  even  by  the  method 
of  combustion,  and  it  Is  practically  certain  that 
tmUt  oompl0to  dcstraotton  luw  nwrar  been 
achieved  with  any  kind  of  produoer-plaat.  The 
tar  may  be  so  reduced  in  qaantitjr  that  only  a 
small  irartfyiiig  plant  need  be  osed,  but  there 
Is  Itttle  douht  that  in  some  cases  too  email 
a  purifying  plant  Is  provided.   A  considerable 
length  of  gas  main  Is  not  quite  tneflloient  as  a 
purifying  apparatus,  and  it  Eonir'Jmes  has  to 
serve  this  purpose.    The  tar-destroyins  ef- 
fidenoT  of  a  prodnoer  plant  must,  Hierefore,  be 
Judged  by  testing  the  gae  as  it  leaves  the  plant, 
not  at  the  engines,  which  may  be  some  distance 
awaj.  It  Is  obTlons  that.  If  the  oombnstlon  of 
tbe  distillates  la  taoomplete.  It  trill  be  confined 
to  tbe  fixed  gases,  which  are  the  most  useful, 
and  the  lighter  hydrocarbons,  which  are  the 
least  objectionable  of  the  diBttllates;  the  heav- 
iest hydrocarbons,  the  presence  of  which  Is  the 
most  serious  drawback  to  the  use  of  producer 
gas,  will  be  the  last  to  be  burnt. 

The  method  of  simple  decompnsltlon  of  tar 
has  the  advantage  which  must  be  eet  off 
against  any  deHeteneee  tn  tar4eaemetlon.  tbat 
the  gaseous  hydrocarbons,  •which  are  distilled 
from  bituminous  coal,  are  not  destroyed,  and 
that  tbelr  quantity  Is  actually  Ittcreaaed  by  the 


addition  of  similar  compounds  resulting  from 
tbe  decompofiitioo  of  tbe  tar.  Besides  this,  the 
proportion  of  nitrogen  in  the  gaa  can  be  kept  to 
lower  limits,  owing  to  the  fact  that  no  air  is 
used  (or  secondary  combustion,  and  the  gener- 
ation of  aenslble  beat  need  be  no  greater  than 
Is  necessary  for  the  chemical  -irtfnna  'rvTitrh 
have  to  take  place  in  the  jMroduoer,  and  for  the 
Inerltable  loasoe  by  radiation  and  oonduetlon. 

It   is   quite  likely  that  no  type   of  pro- 
ducer can  be  devised  which  will  be  the  most 
suitable  for  all  parposce,  and  the  same  may 
be  true  of  methods  of  tar-destruction.  For 
purposes,  however,  for  which  freedom  from  tar 
Is  Important,  ealorllle  Talne  Is  usually  also  Im- 
portant, and  for  all  heating  purposes  gaseous 
hydrocarbons  are  as  suitable  as  any  other  gas. 
It  has  been  said  that  poor  gas  is  better  adapted 
than  rich  gas  for  use  111  Inlmial-combustlon 
engines,  because  it  is  more  capable  of  stand- 
ing high  compression  without  premature  ex- 
plosion.   As  a  general  statement  this  is  not 
true,  tbniigh  it  is  true  if  enrichment  of  the 
gas  can  only  be  carried  out  by  tbe  addition  of 
hydrogen.    Bz^Mion  engines  require  a  gaa 
■with  a  hltrh  flame  temperature,  for  which  a 
high  caloritic  value  is  neoessaiT^,  and  producer 
gas  enfkihed  by  the  addition  of  hydrocarbon 
distilled  from  coal  Is  quitp  capable  of  stand- 
ing high  compression  without  premature  ex- 
plosion. 


THE  INFLUENCE  OF  GYPSUM  AND  CHLOR- 
IDE OF  CALCIUM  ON  THE  SETTING 
OF  PORTLAND  CEMENT 

By  R.  C  CARPENTER 

OOMOtiNSBD  FROK  "OONGSnB  AND  CON0TRVCTIOHAI*  ■NOIliailUNO.*' 


Portland  oement  when  mlaed  with  water  has 

two  important  properties  pertaining  to  the 
hardening  process.  The  one  that  marks  the 
prsllulttary  proeesa  during  whldk  the  mortar 

becomes  pasty  and  brittle  is  termed  the  "set- 
ting"; the  otuer,  whidb  is  slow,  long-continued 
and  permanent,  the  "hardening."  The  "set- 
tint,"  Is  thought  to  be  due  to  the  formation  of 
a  saturated  solution  of  alumina  compounds,  as 
alumtnate  of  lime  and  similar  compounds, 
from  which  crystals  are  deposited.  The  hard- 
ening process  which  takes  place  later  is  largeh- 


due  to  the  formation  of  crystals  of  silica  com- 
pounds, as  trlsilicate  of  lime,  which  are  inter'- 
luced  with  crystals  of  other  compositions. 
In  many  Instances  the  setting,  which  la  the 

initial  process  of  hardening,  takes  place  so 
rapidly  as  to  present  practical  difllculties  in 
tbe  proper  gaging  and  use  of  the  cement.  To 

overcome  these  difllculties  It  has  been  custom- 
ary to  mix  with  the  cement  some  matcorial 
which  would  retard  the  formation  of  the  crys- 
tals of  alumlnate  of  lime  and  similar  com- 
pounds, and  thus  regulate  the  time  of  setting. 
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For  thlt  purpose,  gypium  (sulpliato  of  lime,  The  resulta  of  the  trl«I«  with  KTPram  show 

CaSO.)  has  been  prlucipally  used.    The  effect  that  1  i-i';  produces  the  maximum  eflfcct  in  re- 

ot  adfUng  gypeum  Is  only  temporary,  provided  tarding  tbe  set,  and  tliat  for  the  special  sam- 

the  eeueitt  ts  exposed  to  the  air.  and  for  that  plos  tested  no  benefletal  reealts  were  obtalaed 

reason  other  materials  have  been  sought  for.  by  the  use  of  a  large  amount. 

The  present  article  gires  a  brief  description  of  Although  the  experiments  above  show  that 

some  experiments  recently  made  In  the  Me-  a  maximum  retarding  effect  was  produced  bjr 

cbanical  Laboratory  at  Cornell  University  by  the  sulphate  of  lime  when  less  than  2%  was 

Walter  H.  Kniskem  and  William  L.  Qass,  for  ground  with  the  clinker,  it  is  quite  certain 

the  purpose  of  determining  the  regulating  from  previous  experiments  that,  with  Portland 

power  on  the  setting?  of  cement  Of  gypsum  and  cement  of  different  composition,  or  IWTliig 

chloride  of  calcium  (CaCl,).  been  burned  differently,  more  g>-p8um  would 

For  the  purposes  of  the  experiment,  one  of  have  been  required  for  maximum  effect, 

the  large  Portland  cement  works  supplied  us  As  showing  the  temporary  effeci  of  gypenn 

with  clinker  which  had  not  been  treated,  and  In   regulating  the  set,  the  following  experl- 

which,  in  its  normal  condition,  made  a  re-  ments  are  quoted  from  C'andlot  when  cement 

BurkaUy  qnlck-eetting  cement.    This  clinker  ts  mixed  with  flresh  watw: 

was  proiind  In  a  pebble  mill  owned  by  the  Lab-  IN'Fr^UBXCE   OP  TIME    ON'   THE   SET  OF 

oratory,  uuder  condilious  which  permitted  the  CEMENTS  MIXED  WITH  SULPHATE  OF 

addition  of  the  various  materials  to  be  tested.  limb  (OYPSUM). 

The  following  shows  In  tabular  form  the  rc-  Percent, 

sultii  of  adding  different  amounts  of  gypnum.  of  Gyp-                              Initial  Final 

the  gypsum  being  proportioned  by  weigbt,  as  gum.    Time  on  Trial.        H.  H.          ET.  M. 

indicated  In  the  first  column  of  the  table.    In  3    Day  of  Mixture.  ..10  70 

these  experiments  the  time  of  initial  set  is        34  days  after   0     5  2  16 

taken  as  the  time  when  a  pat  of  the  cement       3    7  days  after   0     5         0  20 

made  by  mixing  with  the  percentage  of  water        3  n   days  after   0      8  0  30 

shown  would  bear  a  rod  with  diameter  of  •/„       j  15  days  after   0     6  0  30 

In.,  carrying  a  weight  of  %  lb.   The  time  of       s  19  days  after   0     7         0  85 

final  set  Is  taken  as  that   time  which  has        g  24  days  after   0      5  0  25 

elapsed  since  mixing,  when  the  pat  will  bear  a       j  $2  days  after   0    10  0  30 

rod  Vm  In,  in  diameter,  carrying  a  weight  of       3  41  days  after   0    45  5  30 

1  lb.    This  method  of  determining  the  s^t  2  Day  of  Mixture...    5      0         19  0 

depends  to  some  extent  on  the  Judgment  of  the       2  12  days  after   4    40        14  0 

operator,  naturally  giving  reealts  wblcli  are       2  si  days  after   0    is         0  50 

somewhat  irregular,  although  sufficiently  accu-  1    Day  of  Mixture...     5    30           8  30 

rate  for  purposes  of  comparison.  1    s  daj-s  after   0    IS  2  30 

The  followtng  table  shows  tbe  rstardatlmi       1  15  days  after.          0    11         0  20 

of  the  set  due  to  nsing  different  aaantttiee  of  1    Day  of  Mixture...    to         9  SO 

WPSum:  1    8  days  after   4    30  8  0 

Initial        PInal  1  15  days  after   0    15  0  30 

Percent.     Per  Cent.      Set  Set  days  after   0     0  7  00 

To*^*                        a  '^^^  '^'^"^^  <^ 

•*  ment  was  exposed  to  the  acUon  of  the  air. 

:  g         "I  :  Candlot  kept  the  cement  mixed  wltli  S%  of 

irvps   >  m  a  wy  cloae  bin.  with  the  follow- 

TS.v           zz.i           zt            114  results- 

2.5  23.7          29  *  resmis. 

3.0          22.1          30             69  Initial  Final 

3.6  22.1           27             72  K.    M.     H.  K. 

4.0  24.2  2S  45  mixture  3      0        6  Si 

4.5  25.4  22  40  After  one  month  ,  2    60       6  0 

5.0           25.4           27              59  HI    M.      H.  M. 

5.5  25.4  20  78  After  two  mouths   1     30        7  0 

6.0  24.2  19  37  After  five  months   0     lO        0  18 

6.5           23.7           22             40  The  addition  oi  HUiail  (luaatittes  of  sulphate 

7.0         26.4         18            60  «t  Hn*  Increases  the  strengUi,  sxosvt  wbea 
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the  cement  is  Immersed  tn  ses-wster  and  tbe 

proportion  of  sulphate  is  greater  than  2%,  in 
wlilcb  case  the  briquettes  soon  show  traces  ot 
altentioii.  and  in  time  completely  disinte- 
grate. 

The  experiments  quoted  arc  conclusive  In 
showing  that  there  is  litUe  or  uo  advantage 
gained  in  adding  more  sulphate  of  lim»  tliu 
2';,  and  I  bcllovo  that  it  would  not  be  an  un- 
reasonable requirement  in  speciUcatlons  to 
call  for  such  a  limitation. 

Experiments  wmlv  hv  Caudlot  and  verified 
in  llie  ilecliaiiical  Laboratory  ol  Sibley  Col- 
lAgo,  Coraoll  Unlvorstty,  indicate  tliat  an  ad- 
dition of  2  to  4%  of  slacked  lime  or  hydrate 
of  lime  added  to  a  cement  containing  a  small 
peroontace  of  ssrpsam.  which  has  throscli  tbo 
Influence  of  time  lost  its  effect  In  retarding 
the  cement,  will  restore  the  sluw-bettint,'  prop- 
erties.* 


TiMB  or  svrrmo  kiat  ouomr. 


InlUsI 

•Cement  contaloloK  2%  ot  grpmm  O  20 
&am«  cement  to  whicb  has  bMB 

added  2%  of  lime   $  0 

OtnaBt  oontatnlns  1%  at  ffpauB.    O  19 
Sama  eement  wttb  2%  of  llna  sdM    1  O 
Teat  made  in  Slbtey  Cnllega  Lab* 
oratory  of  UDj;)ii' 

CootalalnK  2%  ot  sulpbat*  0  12 

m*M  wJtb  6%  of  UOM  IV- 
«nta  ad«a«   .7;.    2  0 


-Timo  ot  Bet- 


Final 

H.  M. 
S  90 

10  0 
0  » 
8  0 


0  15 
8  0 


From  2  to  57c  of  lime  hydrate  will  be  found 
useful  for  retarding:  the  setting  of  cement  to 
which  gypsum  haa  been  added,  but  which  has 
lost  the  effect.  The  additional  lime  does  not 
detract  from  the  strength,  as,  lu  the  case  of 
the  last-uamed  ct^iueut,  ila  iulliai  aireugtb, 
neat,  was  as  follows: — 24  hours,  360  lbs.;  1 
week,  7oT  lbs.;  1  month,  871  lbs. 

The  addition  of  hydrate  of  lime  without 
the  addition  of  the  snlphate  oC  lime  teems  to 
have  little  or  no  effect  on  the  time  of  setting, 
as  shown  by  experiments  made  by  Kniskern 
and  OasB. 

INFLUENCE  OF  CHLORIDE  OF  CALCIUM 
IN  THB  SETTING  AND  HARDENING  OF 
PORTLAND  CBMBNT  HORTAHS. 
The  investigations  of  E.  Candlot  as  recorded 
in  his  work  on  "Ciments  et  Chaux  Hydrau- 
liques,"  show  that  when  Portland  cement  is 
gaged  with  a  feeble  solution  of  chloride  of 
calcium,  It  has  the  effect  of  greatly  retarding 
the  time  of  setting;  but  when  the  Portland 
cement  la  gaced  with  a  concentrated  solu- 
tion of  chloride  of  calcium — as.  for  instance. 
190  to  400  grammes  per  litre— it  acts  in  a 
eontrarjr  manner,  and  tends  to  Increase  the 
rapidity  of  setting.  Candlot  gives  the  follow- 
ing table  as  showing  the  results  of  his  experi- 
ments: 


Solution  ot  CaCIa 

(1) 

(2) 

(3) 

(4) 

Or^  per  Litre 

a 

M. 

H. 

M. 

H.  M. 

1   

0 

Soil 

1 

6  <•>• 

A% 

■  eee 

1  84 

w     ■  ■  •  • 

0 

8  .  • . . 

10 

0  .... 

■  *■  ■ 

2  0 

10   

8 

18  .... 

10 

0  .... 

14  0 

•  a  *  • 

8  00 

1 

0  .... 

12 

0  .... 

10  80 

•  • 

8  0 

4 

8(    a  «  f  e 

0  .... 

6  80 

8  8S 

OO   

8 

20  * « ■  • 

e 

0  .... 

4  0 

6  0 

100   

0 

8   •  *  a  a 

0 

ao  .... 

0  80 

•  •  •  • 

a  80 

e 

8  •  •  •  * 

0 

9  s » » * 

0  fi 

025 

0 

2  .... 

• 

3  « •  •  • 

0  8 

•  •«  « 

0  6 

Caadlot  explains  the  action  of  the  chloride 
of  calcium  by  showing  tbat  a  feeble  solution 
of  chloride  of  calcium  tends  to  retard  the  so- 
lution of  thoae  alnmina  salts  which,  on  crys- 
tallizing, cause  the  material  to  set.  The  feeble 
solutions  have  no  appreciable  influence  on  ce- 
ments whldi  do  not  contain  alumina.  In 
case  the  concentrated  solution  of  chloride  of 
calcium  is  used  for  gaging,  the  alumlnatc  of 
lime' Is  atta^ed  very  energetically,  which  thus 
causes  a  very  rapid  set,  ss  indicated  by  the 
experiments  given  above. 

Candlot  has  also  pointed  out  that  a  con^ 
centrated  solution  of  chloride  of  calcium  tends 
to  harden  Portland  cement  very  rapidly,  and' 
cauBes  the  tensile  strength  to  readi  a  maxl- 
muTO  quickly,  the  cement  made  in  that  Tvay  at 
the  end  of  tiie  year  being  good  and  sound. 

Messrs.  Kntskem  and  Gess.  In  the  Sibley 
Lahoratory,  pround  different  percentages  of 
chloride  ot  calcium  with  cement  clinker,  and 
afterwards  made  pats,  ustng  In  each  case  sim- 
ply  enough  water  to  give  the  material  its  nor- 
mal consistency  tor  this  purpose.  Their  re- 
salts  Aow  tbat  the  dilorlde  of  calcium  had 
cr.  n*  r.fft'ct  in  rct.anltnB  the  time  of  setting, 
and  exerted  the  greatest  effect  when  about 
one-half  of  1%  by  weight  of  the  chloride  of 
calcium  employed.     On  account  of  the 

water  required,  1%  ot  the  chloride  of  calcium 
would  correspond  approximately  to  gaging 
with  a  solution  of  30  grammes  per  litre  In  the 
previous  experiments  quoted: 

CaCl,  GROUND  DRY  WITH  THE  CLINKER. 
Per  Cent.    Per  Cent. 

Of  CaCl.    of  Water   Initial  Bet.   Final  Set 


0.0 

  29.8   

2.0m..  .  . 

E 

0.5 

•  •  •  a       34«X       *  •  •  * 

115 

t  •  •  • 

274 

1.0 

*  «  a  «     29a8     •  *  »  « 

100 

•  •  •  * 

878 

1.5 

  2S.4   

167 

*  *  •  • 

234 

2.0 

....  25.4  .... 

127 

a  a  a  a 

212 

2.6 

....  86.4  .... 

103 

•  •  •  * 

180 

3.0 

26  4 

45 

182 

3.5 

•  *  •  a       26-4       »  «  «  a 

07 

«  ■  ■  • 

ISo 

4.5 

»  »  »  »       28a9       «  «  •  « 

«3 

160 

5.0 

•  *  e  •      29a8      «  •  S  » 

73 

•  »  •  • 

160 

&.5 

*  «  «  «       2dsS      «  •  a  * 

TO 

a  a  a  a 

84 

e.o 

»  •  «  »     29s8      «  •  «  e 

08 

•  •  e  e 

146 

ipsib  noo. 
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The  experiments  quoted  Indicate  that  chlo- 
ride of  calcium  added  In  small  percentages, 
either  to  the  ground  clinker  as  a  powder  or 
mixed  with  the  water  for  gaging,  has  an  im- 
portant effect  in  extending  the  time  of  setting 
of  Portland  cement,  and,  so  far  as  the  Inves- 
tigations which  are  accessible  show,  it  does 
not  haye  any  detrimental  «ffMt  on  tlM  p«nn»> 
nent  strength  rtiA  hardn^sfii 

Chloride  of  cakiiim  in  a  deliquescent  uitile- 
rlal  which  rapidly  absorbs  moisture,  and  it  is 
possible  that  if  ground  dry  with  the  Portland 
cement  clinker,  even  lo  the  amount  of 
U  would  oauM  the  nuitarial  to  gfttlior  damp- 


n«M.  and  thus  htcn  a  bad  «&Mt  TlM  ditorldo 

of  calcium  solution  can  be  added  readily  by 
adding  it  to  the  water  used  in  gagins,  alnce 
it  dissolves  with  extreme  rapidity.  The  ex- 
periments indicate  that  the  set  can  be  con- 
trolled by  using  lees  than  which  would 
be  something  less  than  two  iwunds  to  the 
barrel  of  Portland  cement.  Investigations  are 
still  necessary  for  determining  whether  the 
effect  of  chloride  of  calcium  added  to  the  ce- 
ment before  grinding  is  permanent  in  its  et- 
fecU.  and  whether,  if  ground  with  the 
ment  clinker,  It  would  exert  any  detrimental 
effect. 


ECONOMIZERS 


Br  W.  W.  MELVILLE.  M.  L  M.  E 

C0NOKN88D  PROM  "PUBUO  WORKS" 


One  of  the  vital  principles  relating  to  the 
eeonomleal  generation  of  ateam  la  that  off  ap- 
propriating every  available  tinlt  of  heat. 

Seventeen  boiler  tests  made  by  Messia.  Don- 
kin  ft  Kennedy  show  that*  the  wute  heat  paw- 
ing to  the  rhlmney,  where  no  economizers  are 
used,  ranges  from  9.4%  to  31.8%.  or  an  aver- 
age of  tO.8%  of  the  total  heat  of  comhuatlon. 

Furnace  temperatures  range  from  2,500"  to 
3,000°  F.,  depending  upon  the  amount  ot  air 
admitted.  The  gases  reach  the  boiler  heating 
surfaces  at  2,000'  F..  and  are  rapidly  cooled 
while  passing  over  them.  In  practice,  boiler 
heating  aarfaces  rednoe  the  gases  to  temperai- 
tures  varylup:  between  530"  and  670*  F.»  or 
an  average  of  $00"  F. 

Assuming  the  coal  to  yield  18,600  heat  units 
per  pound,  and  that  24  lbs.  of  air  are  admitted 
for  each  po&nd  consumed,  25  lbs.  of  gas  will 
reault.  Bach  degree  of  temperature  through 
which  the  25  lbs.  of  gas  are  raised  requires 
about  6.7  heat  units.  The  number  of  heat 
units  in  flue  gases  having  600°  F.,  the  atmo- 
spheric temperature  being  4  0°  F.,  will  be 
(600—40)  X  5.7  »  3,1»2.  or  23%  ot  the  total 
heat  produced. 

It  is  manifest  that  in  tbifi  direction  ample 
opportunity  la  provided  for  increaalng  boUer 
etliclency. 

This  loss  can  be  diminished,  either  by  In* 

creasing  the  boiler  hraUng  surface  or  by  re- 
sorting to  stage  heating,  by  introducing  one  or 
more  separate  heaters.   Boiler  heating  surface 


Is  too  expensive  to  extend  further  than  com- 
patible with  reducing  the  gases  to  600*  or 

COO"  F..  beyond  which  the  expense,  together 
with  the  losses  due  to  radiation  and  conduc- 
tion, exceed  the  saving  effeeted.  This  win  be 
rea-lilv  rpalized  from  the  fact  that  while  heat 
transference  through  holler  plates  is  directly 
proportional  to  the  difference  In  temperature 
between  the  -water  within  and  the  gases  with- 
out the  boiler,  the  heat  losses  from  the  holler 
are  also  proportioned  to  the  extent  of  Its  sur- 
face. The  traui^rerenoe  of  heat  to  the  water  di- 
minishes with  the  falling  temperature  in  the 
gases,  and  where  there  la  only  a  alight  differ^- 
ence  between  the  temperature  of  the  water 
within  and  the  gaaea  without  the  boiler,  as  in 
high  pressures,  the  limit  is  soon  reached,  and 
inefllclency  follows. 

By  receiving  feed  water  at  ebullition  tem- 
perature the  boiler  exercises  Us  proper  func- 
tion of  a  steam  Konerator,  instead  of  being 
compelled  to  fulfil  tlie  doiv)''-^  part  of  water- 
heater  and  sleain-raiuer.  The  gaiu  la  such 
circumstances  la  due  to  the  greatly  accelerated 
passage  of  heat  when  evaporating:  about  two 
times  as  much,  indeed,  as  when  only  heating. 

No  one  willingly  feeda  a  boiler  with  cold 
water  if  exhaust  steam  or  flue  gasef,  or  both, 
are  available.  Apart  from  its  economical  as- 
pect, cold  feeding  producea  undesirable  stralna 
upon  the  plates  or  tubes  where  contact  taken 
place. 

Feed-heating  by  e^Aauat  steam,  while  good 
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as  far  as  It  go«s,  lOon  reacbeg  its  limit,  siac«, 
to  Drareat  back  prewiire,  the  ateam  muat  Im 

exhausted  Into  the  atmosphere,  and,  In  the 
open  air.  water  and  steam  can  only  be  heated 
to  SIS*  F.  In  iwMtlce.  feed  vatw  from  oa- 
haust  steam  heaters  seldom  exceeds  200"  F. 
Exhauat  steam  ooay  also  be  used  more  profit- 
aU7  whero  genonl  heattiiK  Is  neeaHwry*  or 
where  cj^rtaln  manufacturing  prncpsees  render 
It  utlUzable.  To-  heat  feed  water  by  tbla 
meooB  aloBo  ii  to  parttdpato  In  murt  only,  and 
a  small  part,  of  the  available  opportunity  to 
economize,  since  the  23%  of  the  total  heat  In 
the  eoal  coBtaSned  In  tho  flvo  gaaea  paaatnc  to 
the  chimney  remains  r.nrr -lalmed. 

The  recovery  ot  this  heat  by  suitable  appa- 
ratus, and  Its  application  to  nsefal  pnqMMss 
is  clear  gain,  since  the  ODorsr  Is  Otherwise 
wasted  In  the  open  air. 

Where  only  non-condenslnK  engfnee  are  per- 
missible, and  no  other  use  ran  be  foun  l  f nr  f!n" 
exhaust  steam,  a  preliminary,  or  first  stage, 
hester  may  be  employed,  water  belns  deliv- 
ered from  it  to  the  economizer,  or  second-stage 
heater,  at  200*  F.,  from  which.  In  turn,  water 
at  300*  or  330*  P.  may  be  supplied  to  the 
boilers,  the  number  of  pipes  In  the  economizer 
being  proportionately  less  than  if  required 
alone  to  raise  water  from  atmospheric  temper- 
ature. 

Ab  described  already,  the  number  of  heat 
units  in  25  lbs.  of  flue  gas  at  600*  F.  obtained 
from  the  combustion  of  1  lb.  of  coal  is  3,192. 
When  reduced  to  300'  F.,  tlie  temperature 
consistent  with  normal  chimney  draft,  the  beat 
units  glveB  up  will  be  (3.192  2  =)  1.596  per 
pound  of  coal  burned,  or  fl.59G  -f-  13,500  ^) 
12%  of  the  total  heat  developed  by  the  com- 
bustion of  1  lb.  of  eoal. 

If  water  enters  at  atmospheric  temperattire, 
the  whole  of  the  heat  extracted  from  the  flue 
gases  will  be  appropriated  by  It;  but  if  taken 
from  the  hot  well,  or  heated  by  eThaust  steam, 
the  heat  appropriated  will  be  less  than  is  re- 
coverable from  the  flue  gases. 

Assuming  the  boiler  evaporation  to  be  S  lbs. 
of  water  per  pound  ot  coal  burned,  the  heat 
units  required  to  raise  water  from  40*  P.  or 
atmospheric  temperature  to  250°  P.  will  be 
(241)  8  =  1,928;  but  to  raise  from  100*  to 
S80*  P.,  the  heat  units  required  vrlll  only  be 

'(ISl)  S  --  1.44S. 

Boilers  having  68%  efficiency,  and  fired  with 
eoal  oontslnlng  18.600  best  units,  will  trans* 
fer  (13,500)  0.68  =  9.150  heat  units  to  the 
water  tor  each  pound  of  coal  consumed.  The 
eomUned  enetmiey  of  suc^  a  boiler,  sad  the 


economizer  described,  will  be  68  -(-  12  80%, 
and  if  all  the  heat  extracted  from  the  gases  is 

appropriated  by  the  feed  water,  the  steaming 
capacity  of  the  boiler  will  be  increased  by 
(l.m     8.040  17.88%. 

Feeding  with  water  at  atmospheric  tpmpprr\- 
ture  reduces  the  flue  gases  to  a  very  low  de- 
gree, and  may  affect  the  normal  dtlmney  draft. 
Tt  also  involves  risk  of  sweating  anfi  corrosion 
on  the  economizer  pipes.  By  feeding  with 
water  at,  uiy,  80*  P..  both  diOcnltles  are 
avoided.  Where  thi?  is  impossible,  special 
provision  Is  made  on  the  economizer  whereby 
the  sweating  or  corrosion  Is  located  to  two  or 
three  sections  at  the  feed-water  Inlet  end  of 
the  economizer,  the  remaining  part  being  pro- 
tected by  the  preliminary  heating  thus  af> 

To  raise  the  25  lbs.  of  flue  gas  produced  by 
the  combustion  on  1  lb.  of  coal  under  the  oon- 

litions  described  to  the  top  of  a  chimney  100 
ft.  high,  assuming  a  factor  of  1.25  for  friction 
loasea  (85  x  100  x  1.85  «)  8.185  lbs.  are  re- 
quired; 2,500  lbs.  towards  this  is  performed 
by  the  descending  column  of  cold  air  outside 
the  chimney,  leaving  (3,125  —  2.500  =)  685 
ft.-lbs.  unprovided.  If  this  work  is  done  me> 
chanically  by  a  steam  boiler,  direct  geared  en- 
gine and  fan,  having  4%  resultant  efficiency, 
inclusive  of  friction  losses  in  the  combined  ap- 
paratus, the  foot-pounds  developed  as  heat  by 
coal  combustion  will  be  (625  ■+■  0.04  =)  15,- 
685.  Which,  since  778  ft.-lbs.  represent  1  heat 
unit,  equal  {15.825  77S  )  20.1  heat  units 
per  pound  of  coal  consumed,  or  (20  -t-  1,596  =) 
1.85%  of  the  heat  units  appropriated  by  the 
economizer  in  reducing  the  lluo  gassa  from 

600=  to  300*  F. 
Records  ttken  show  the  importance  of  pre* 

venting  the  flceitmulation  of  soot,  which  Is  a 
notorious  non-conductor  of  heat,  upon  the 
pipes.  An  eeonomiser  worked  ooatittuottBly  for 
seven  weeks,  with  scraper  gearing  at  rest,  ac- 
cumulated a  coating  of  soot  and  ashes  V6  in. 
thick.  A  week's  record  of  faed-water  tem- 
perature taken  while  in  this  condition,  when 
compared  with  records  taken  from  the  same 
eeonomiser  with  scrapers  continuously  work- 
ing, showed  a  drop  f  f  nr'  F.  in  the  tempera- 
ture of  the  water  delivered.  A  further  ex- 
periment made,  whereby  the  same  eeonomlier. 
after  the  cipaiiing  of  the  pipe  surface,  -worked 
continuously  for  one  week  with  the  scraper 
gearing  again  at  rest,  showed  58*  P.  drop  In 
the  temperature  of  the  water  delivered.  The 
adverse  Influence  of  soot,  and  the  necessity  for 
Cleaning  the  pipe  surfsos  by  frequent,  tt  not 
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eontlnuout.  use  of  aenpen,  li  elearly  sbown. 

The  advantages  attending  the  Installing  of 
an  economizer  may  be  enumerated  as  follows: 
(1)  HeatlDK  the  teed  water  tor  steam  batters 
to  higher  temperatures  than  is  obtainable 
other  means;  (2)  increasing  the  efflciencjr  of 
the  lioners  by  considerable  additions  to  heat- 
ing surfaces:  (8)  vtlUaliig  tteat  In  a  practical 
way  from  flue  gases  otherwise  escaping  to  the 
open  air  In  waste;  (4)  clarifying  the  feed  wa- 


ter by  slow  drcniatlon  and  high  temperature. 

depositing  the  sediment  Into  the  bottom  beat- 
ers, from  which  it  can  be  readily  blown  out; 
(5)  providing  a  large  reserve  supply  of  feed 
water  at  evaporating  temperature  for  deliv- 
ery to  the  boilers;  (6)  prolonging  the  life  of 
the  boiler  by  providing  it  with  hot  feed  water, 
thus  preventing  the  expansion  and  contraetloa 
incidental  to  feeding  with  cold  water;  and  (7) 
saving  of  10  to  20%  in  fueL 


THE  WEATHERING  OF  COAL* 

By  &  W.  PARR  tad  N.  D.  HAMILTON 


Judging  from  the  opinions  of  practical  en- 
glneera  and  scientists,  the  present  methods  of 
coal  storage  without  doubt  often  result  in  mucli 
loss  from  fires  of  spontaneous  origin  and  more 
or  less  loss  by  a  deterioration  In  tnel  value  ot 
the  coal  itself.  The  leading  factors  entering 
into  the  cause  of  these  losses  have  been  pointed 
out  as  being:  (1)  the  kind  ot  ooal  as  to  fta 
volatile  combustible  contents;  (2>  the  presence 
of  occluilod  inflammable  gases  in  the  coal  both 
before  and  after  mining;  (3)  the  presence  of 
pgrrltes  or  other  sulphur  compounds;  (4)  the 
«fze  of  the  coal;  (5)  the  prepence  of  moisture; 
I  6)  the  temperature;  and  (7)  the  accessibility 
Of  oxrcen  to  the  coal. 

From  the  evidence  at  hand  there  seems  to 
be  very  little  doubt  that  the  coals  ot  the  lig- 
nltlc,  bltumlnons  and  seml-bitnmlnovs  diame- 
ter with  their  relatlvnly  high  amounts  of  vola- 
tile combustible  matter  have  a  much  greater 
tendency  to  weather  than  the  anthradtes 
where  the  volatile  matter  is  low.  There  is 
considerable  evidence  that  methane  and  other 
Inflammable  gases  formed  dnrlnir  the  deoom- 
position  of  vegetable  matter  which  produces 
the  coal  are  contained  in  the  crevices  ot  the 
coal  as  It  lies  In  the  earth,  and  are  liberated 
both  during  and  after  mining.  This  exudation 
of  Innammablp  gaseous  matter  may  be  a  prime 
element  in  mine  explosions,  and  its  continu- 
anoe  after  storate  may  be  a  largo  factor  in  the 
deterioration  processes. 

Opinions  differ  as  to  just  what  part  sulphur 
compounds,  the  moat  Important  ot  whldi  Is 
pyritos,  plar  In  the  deterioration  of  ooaL  Some 
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assign  the  leading  part  in  cases  of  spontaneous 
Ignition  to  pyrites,  while  others  think  that  Ita 

action  !u  this  connet-tion  Is  of  only  minor  im- 
portance and  that  absorbed  oxygen  has  most 
to  do  with  this  phenomenon.  Observations  on 
the  effect  of  the  air  upon  pyrites,  however, 
seem  to  have  pretty  generally  established  the 
notion  that  pyritlc  oxidation  tends  to  raise  the 
temperature  of  the  coal  as  well  as  to  Increase 
the  tendency  of  the  coal  to  break  up,  and  that 
this  oxidizing  action  is  quite  appreciably  la* 
creased  by  the  presence  of  moisture. 

That  Black  Is  much  more  liable  to  spontane- 
ous ignition  and  the  deteriorating  Influence  ot 
weatherinc  agents  seems  to  be  the  general  opln- 
lon.  Having  more  surface  the  finer  particles 
absorb  oxygen  much  more  rapidly  and  this 
rapidity  ot  absorption  causes  an  Increase  In 
temperature  which  In  turn  produces  better  con- 
ditions for  absorption  and  chemical  action  be- 
tween the  carbon,  hydrogen  and  pyrites  of  tho 
coal  and  the  absorbed  oxygen.  It  would  seem 
that  the  finer  coal  would  hold  the  moisture 
longer,  resulting  in  a  greater  use  belngr  made 

of  its  catalytic  qualitiea. 

It  is  thought  by  some  authorities  that  the 
only  part  moisture  -plays  In  the  deterioratloa 

of  coal  Is  to  materially  assist  the  pyrltic  oxtd^ 
tion  or  by  alternate  freezing  and  thawing  In 
the  crevices  of  the  coal  to  expose  more  surface 
to  weathering  agents.  There  are  many,  how- 
ever, who  believe  that  a.side  from  Increasing 
the  oxidation  of  pyrites,  water  has  to  do  with 
Other  chemical  activities,  which  result  In  th^ 
decomposition  of  the  coal.  These  believe  that 
oxidation  of  the  carbon  and  hydrogen  ot  the 
coal  Is  hMtened  hgr  the  aetloik  oC  th«  trator 
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present  This  latter  view  seems  to  be  based 
on  tbe  face  tliat  mofsttrra  has  aeemlDglr.  In 

some  Instances,  greatly  Increaspd  the  dtttMTloni- 
tion  of  practically  non-pyrltic  coal. 

That  an  Increase  of  temperature  liaa  mneh 
to  do  with  increasing  the  activity  of  the  other 
deteriorating  agents  Is  the  general  belieL  Thla 
rise  of  temperature,  whether  coming  from  Ottt« 
side  sources  or  physical  or  chemical  action  with- 
in tbe  corri,  tends  to  accelerate  the  absorption 
Of  ox>'gen  and  thereby  iucrea&eii  the  oxidation 
gains  on  and  also  evaporates  tbe  gases  which 
may  stll!  be  occluded  In  the  coal.  Thus  heat 
assists  in  decreasing  tbe  fuel  value  of  the 
«oal  and  at  the  aame  time  Isereaees  Its  llaMlitr 
to  Ignition.  That  the  exclusion  of  oxygen  from 
coal  will  decrease  its  loss  In  heating  value  is  a 
growlns  belief. 

From  the  evidence  at  hand,  therefore,  It 
would  seem  that  not  only  do  observers  differ 
widely  as  to  the  caiflwa  and  extent  of  weather- 
ing, but  no  very  exact  study  of  the  problem  baa 
been  made  la  all  of  Its  phases  ou  which  could 
be  baied  v«r  mwik  either  of  theory  or  fact 
oontemlns  the  detertoratUm  of  coal  In  atorase. 

bxpehimbntal  work. 

In  the  present  studies  no  attempt  has  been 
made  to  include  all  types  of  bituminous  ooals. 
but  only  those  of  the  Illinois  field. 

There  were  nine  initial  samples  taken  of 
approximately  100  pounds,  respecti;  ely.  The 
coal  was  of  small  lump  or  nut  size  aud  each 
■ample  waa  subdivided  la  order  to  subjeet  the 
Bamo  kind  of  coal  to  various  conditions.  These 
conditions  were  to  be  continued  through  nine 
months*  and  in  general  were: 


<a)  Outdoor  expoaure;  (b)  exposure  to  a 
dry  atmosphere  at  a  somewhat  elerated  tern- 

perature,  ranging  between  8;'*  and  120"  F.; 
(c)  under  the  same  conditions  as  (b),  so  far 
aa  temperature  was  eonoemed.  but  to  be 
drenched  with  water  two  or  three  times  per 
week;  (d)  submerged  in  ordinary  water  at  a 
temperature  approximately  70*. 

The  periods  for  examination  were  divided  AS 
nearly  as  the  work  would  permit  into 

1.  The  Initial  analysis  of  the  fresh  coal. 

2.  After  ttiMsnre  for  five  months. 

3.  After  exposure  for  seven  months. 

4.  After  exoosure  for  nine  months. 
SUiniART  OP  BBSULTS  OBTJUMm 

(a)  Submerged  coal  doss  not  lose  ipprsdsp 
bly  In  heat  value. 

(b)  Outdoor  wpooure  resnlts  in  a  loss  of 
heating  value  varying  from  C  to  10  per  rent 

(c)  Dry  storage  has  no  advantage  over  stor- 
age In  the  open,  except  with  high  sulphur  ooals, 
where  the  disintegrating  effect  of  sulphur  in 
the  process  of  oxidation  facilitates  the  eacapo 
of  hydrocarbons  or  the  oxidation  of  the  aame. 

fd)  Tn  most  cases  the  losses  in  storage  ap- 
pear to  be  practically  complete  at  the  end  of 
five  months.  From  the  serenth  to  the  ninth 
mouth,  the  loss  is  inappreciable. 

(e)  The  results  obtained  in  small  samples 
are  to  be  considered  as  an  index  of  the  changes 
affecting  large  masses  in  kind  rather  than  ta 
deprec,  but  since  the  losses  here  shown  are  not 
beyond  what  seems  to  conform  in  a  general 
way  to  the  experience  at  users  of  coal  from 
large  storage  heaps,  it  may  not  be  without 
value  as  an  indication  of  weathering  effects  in 
actual  practice. 
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PROM  "BXaiNBBRINU" 


In  the  course  of  the  discussion  ou  a  paper  on 
"Aerial  Navigation,"  recently  read  before  the 
Junior  Institution  of  Engineers.  Captain  Far- 
bcr,  of  the  French  Military  School  of  Aero- 
nautics, gave  certain  formulas  as  being  ade- 
quate for  the  design  of  any  type  of  aeroplane. 
The  resistance  of  the  air  could  be  obtained 
from  the  equation 

P  =  2  K  S  V-  sin  0. 
Where  0  was  the  angle  of  impact,  S  the  area  of 
the  surface  in  Bfiuare  metres,  V  tbe  velocity  In 
metres  per  Becoud,  and  K  a  constant.    P  would 


then  be  the  pressure  iu  kiiograma.  As  t  was 
difficult  to  measure,  the  expression 

P  =a  K'  8  VI 

might  be  used,  and  would  be  near  enough  for 
practical  purposes  if  K'  were  taken  as  a  0.06. 
It  Win  be  noticed,  as  Captain  Ferber  pointed 
out,  that  this  gave  re^^ult.'^  about  eight  times 
more  favorable  than  those  in  the  generally  ac- 
cepted table  of  Herbert  Spencer;  and  thus,  con- 
trary to  general  belief,  an  aeroplane  could  be 
made  to  fly  fairly  en.'^tly. 

It  seems  generally  accepted  that,  with  aero- 
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planes  as  at  present  constructed,  the  total  area 
In  square  feet  should  be  about  half  the  total 
welglit  of  mac^!nr  nml  load  in  pounds;  or,  In 
other  words,  ihat  2  lbs.  may  be  supported  per 
aquan  toot  of  area.  This  ratio  ««•  sItob  bjr 
Mr.  Herbert  Chatley,  In  his  paper  above  re- 
ferred to,  and  he  lllnstrated  It  by  quoting  eX" 
amples  of  mooeaatal  ina«diln«B.  Fanuaa's  ma- 
chine, !f  the  figures  published  are  correct,  has 
a  net  weight  of  1,100  lbs.,  and  an  area  of  about 
690  aq.  It.,  ao  that,  with  a  man  on  board,  the 
ratio  of  weight  to  area  would  be  about  l.G. 
The  comparison  of  these  proportions  with  those 
that  ohtaln  fn  the  ease  of  Hying  ereatnres  Is 
probably  of  more  Intorost  than  practical  value, 
as  the  proportional  wing  area  of  the  sparrow 
to  twice  that  of  the  pigeon,  while  the  pigeon 
has,  weight  for  weight,  twice  that  of  the  stork, 
and  so  on.  M.  de  Lacy  has  given  the  propor- 
tions for  various  insects  and  birds,  the  heaviest 
of  which  is  the  strong-fl}rliiS  Auitrallaii  erane. 
This  bird  has  the  least  wing  area  In  proportion 
to  weight  of  all  those  measured,  the  wing  sur- 
face supportlDK  about  S.4  Iba.  per  eq.  ft. 

Thp  tractive  force  F  to  maintain  horizontal 
flight  might  vary  from  one-third  to  one-fifth 
of  the  wel8rl|t  of  the  machine;  a  qearter  was  a 
fair  value:  but  If  a  third  was  taken,  thfro 
would  be  no  doubt  of  the  rising  of  the  machine 
tram  the  groiud.  AaeamlBg  a  propalatTe  ef- 
fldener  of        and  a  tractive  force  of  one^ 


quarter  the  weight,  the  horse-power  then 
out  at 

HP.  =  P  v/i:.o. 
For  the  design  of  aerial  screws  the  follow- 
Ins  formulas  were  given  by  Captain  Perbar:«-> 
Pan  h  r  na  d* 
Lb  (B  Vr<(-B>)  n*  d', 
where  F  la  the  preMnire  In  Ulogrmme,  L  the 
work  In  kilogram-metres,  n  the  revolutions  per 
second,  d  the  diameter  in  metres,  h  the  ratio 
of  pitch  to  diameter,  r  the  slip,  and  a,  B  and  B* 
coefficients  depending  upon  the  screw  em- 
ployed.  In  screws  used  by  Captain  Ferber  for 
aeroplane-driving  the  ooeffldonta  had  the  fol- 
lowing vnlues:    a  «  0.0S3.  B  =  0.027,  B'  =• 
0.008. 

Major  B.  Baden-Powell  made  the  striking 

statement  that  a  plane  surface,  set  at  what 
may  be  called  a  negative  angle  of  lift,  had, 
nevertheless,  been  found  to  rise  when  pushed 
forward.  It  thto  Is  confirmed — and  the  Maloir 
showed  an  experiment  which  seemed,  to  some 
extent,  to  substantiate  it — it  is  another  example 
of  how  very  little  Is  really  known  UbOMt  tiM 
action  of  aeroplanes.  Therf-  1s  an  enormouR 
amount  of  practical  experlmenung  lo  be  car- 
ried out  before  we  are  sure  that  we  are  tnttk^ 
Ing  on  the  right  lines  of  design;  as,  unfortu- 
nately, the  mathematical  theories  so  far  pro- 
pounded are  abeolutely  unreliable,  owlnc  to 
want  of  aullldent  and  acenrate  data. 


THE  HORSE- POWER  MEASUREMENT 
OF  MARINE  STEAM  TURBINES* 


By  J.  HAMILTON  GIBSON 


^Vhen  a  revolving  shaft  transmits  power  It 

always  twists  slightly  throughout  its  length. 
In  other  words,  the  end  at  whk-h  the  power  is 
applied  movea  sU^Uy  In  advance  of  the  end 
where  the  work  Is  done,  the  amount  of  twist 
varying  directly  as  its  length,  directly  as  the 
moment  of  the  load  applied.  Inversely  as  the 
rigidity  of  the  material,  and  Inversely  as  the 
fourth  power  of  Its  diameter,  the  formula 
reading: 


10.2  TL 


CD* 


•mm  a  vsixr  t«s4  recratly  htim  ttas  Korthwat 
Oowt  Imtitutloii  of  BBsisMV*  ap4  aUplNilldm. 


where  6  Is  the  anguUr  displacement  In  radians, 

T  —  twisting  moment  In  Inch-pounds,  L  = 
length  of  shaft  in  Inches,  C  —  the  modulus  of 
rigidity,  and  D  =  diameter  of  shaft  in  Inches. 
The  law  holds  good  absolutely  for  all  shafts 
which  are  not  stressed  beyond  the  elastic  limit. 
As  shafts  are  wraallT  designed  with  a  large 
fnrtor  of  safety.  It  follows  that  the  amount  of 
twist,  or  the  "torque,"  as  we  prefer  to  call  it. 
Is  very  small.  In  propeller  ehaftlng.  for  In- 
stance, the  torque  Is  rarely  more  than  1'  for 
10  ft.  of  length,  so  that  for  a  12-in.  shaft  the 
dreumferentlal  displacement  Is  only  about  % 
In.  at  full  power. 
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POWER.  MEASUREMENT  OF  MARINE  STEAM  TURBINES 


VarfoiM  metliods  and  numerous  liiBtruments 
have  been  devised  to  enable  an  observer  to 
read  off  the  torque  of  revolving  shafting,  and 
auch  Instruments  are  rigbtly  termed  "torsion- 
inetrM,"  or.  It  aelf-reglatOTliis,  "tonloii'liidlcai- 
ton?" 

The  rapidly-growing  adoption  of  steam  tur- 
bines for  ■blp-propnlrion  hM  eroatod  a  demand 

for  some  ready  means  of  ascertaining  their 
horse-power,  and  as  the  steam-engine  Indica- 
tor Is  not  aultable  tor  tbto  parpoee,  we  ere 
ttrovn  back  on  a  torsioTi-tnetre  as  the  only 
known  method  by  which  such  information  can 
be  obtained.  The  power  of  a  ateam-tnrblne 
may  be  estimated  approximately  by  calculating 
the  amoimt  of  water  passed  by  the  feed-pumps, 
or  by  measurittK  the  number  of  heat  units  that 
pasB  through  the  turbines  In  a  given  time;  but 
a  coefficient  of  efficiency  must  be  first  deter- 
mined, and  no  aeeount  la  taken  of  the  rsToln- 
tlons  in  such  estimates.  As,  however,  "revoln" 
tlons"  is  the  very  essence  of  power  in  dealing 
with  the  question  of  ship-propulsion,  that 
would  be  a  very  vnaatlsfactory  method  of  re- 
porting the  power  from  a  shipowner's  point  of 
view. 

Now.  a  tarblne,  unlike  a  reciprocating  en- 
gine, passes  almost  as  much  steam  when  stand- 
ing as  when  revolving  at  full  speed;  and  it  is 
neeesaary,  therefore,  In  flztaiB  the  rwponslbilllT 

as  between  the  boiler  and  the  turbine,  to  know 
What  power  the  turbine  Is  transmitting  to  the 
propeller  under  -rarylnR  oondttlonB.  Hie  power 
thus  ascertained  is  called  the  "shaft  horse- 
power," In  contra-dlstinctlon  to  the  term  "in- 
dteated  horse  power.**  which  has  come  to  be 
applied  rx'hislvcly  to  the  results  obtained  by 
"Indicating"  the  mean  pressures  in  the  cylin- 
ders of  a  reciprocating  engine.  In  thla  oonneo* 
tlon,  "brake  horse-power"  and  "Shaft  hone- 
power"  are,  of  course,  Identical. 

A  small  propeller  working  deeply  immersed 
In  smooth  water  Is  a  fairly  uniform  brake,  and 
the  turning  moment  of  a  steam  turbine  is  also 
very  uniform.  Consequently  there  Is  little.  If 
any,  fluctuation  of  the  torsional  stresses  in 
the  propeller  shafting.  If,  then,  we  can  ascer- 
tain the  torque  at  only  one  point  in  each 
revolutlMt,  It  may  be  assumed  that,  knowing 
the  revolutions,  we  have  all  the  Information 
required  to  calculate  the  work  done.  It  is 
very  difterent,  however.  In  the  ease  of  recipro- 
cating engines.  The  turnine;  moment  is  any- 
thing but  uniform;  there  are  several  points  of 
maztmiim  and  minimum  torque  In  eaeh  reroln- 
tlon;  In  tact.  It  Is  not  an  unknown  ezperleaoe 


to  find  that  at  one  or  more  points  in  each  revo- 
lution the  torque  is  negative — that  la,  the  pio> 
poller,  acting  as  a  fly-wheel,  overruns  the  en- 
gine, and  actually  pulls  the  engine  round  after 
It.  In  all  caMS  of  redprooatlng  engines,  there- 
fore. It  becomes  necessary  to  read  off  the 
torque  at  several  points  In  the  revolution;  the 
more  points  the  better.  The  mean  torque  la 
then  taken  In  making  calculations  of  power. 
For  a  clear  appreciation  of  the  problem  of 
torque  measurement.  It  Is  expedient  to  keep  the 
foregoing  facts  well  in  miurl  an  I  principally 
to  remember  that  we  are  dealing  with  extreme- 
ly mlButo  angles,  for  It  Is  no  exaggeration  to 
Bay  that  an  error  of  a  hair's  breadth  may  mean 
a  difference  of  several  hundred  horse-power  In 
the  result 

Before  applying  any  form  of  torsion  meter  to 
a  shaft,  we  must  know  the  "modulus  of  rigid- 
ity" of  the  latter — that  Is,  how  much  of  it  will 
twist  with  a  given  static  load  applied  at  the 
end  of  a  lever  of  known  length.  This  can  only 
be  done  satisfactorily  in  the  workshop,  prefer- 
ably on  a  long  rigid  lathe  bed.  One  end  of  the 
shaft  is  securely  fixed,  and  a  twistin?  moment 
applied  at  the  other  end.  To  eliminate  the  ef- 
fect of  friction  In  the  auioorting  bearing  at  the 
free  end  It  la  advisable  to  use  two  levers,  one 
at  either  side,  and  the  loads  are  then 
preferably  applied  by  meane  of  graduated 
spring  balances.  Two  pointers  Independent  of 
the  local  levers  are  secured  to  the  shaft,  as  far 
apart  as  praetlcable,  and  the  difference  In  the 
angular  movement  of  these  two  pointers  glvea  ' 
the  true  twist  for  that  length  of  shaft  If  the 
pointers  are  made  67.S  Ins.  long  from  the  shaft 
axis,  their  ends  will  describe  1  in.  of  arc  for  1 
degree  of  twist,  and  a  dedmaUy-dlvlded 
straight  edge  will  then  measure  the  twlat  to 
within  1/100  deg.,  which  Is  quite  near  enough 
for  all  practical  purposes,  and  we  can  proceed 
to  calculate  the  modulus  of  rigidity  from  the 
formula. 

Observe  that  a  propeller  shaft  is  subject  to 
two  distinct  atreEses.  Not  only  is  it  twisted  as 
between  the  engine  and  the  propeller.  It  la  also 
rom pressed  longitudinally  by  the  propeller 
thrust,  the  compressive  stress  being  sometimes 
aa  much  as  i9%  of  the  shear  atrsse  at  the  aur^ 
face  of  the  shaft,  produced  by  torsion  alone. 
This  compression  augments  the  torque  by  an 
appredable  amount,  whldi  has  been  actually 
measured  In  numerous  experiments,  and  may 
be  taken  roughly  as  $%  for  hollow  shafts  and 
1%  tor  ahatta  which  are  aoltd.  It  might  be  oon- 
aldered  suftdent  to  calibrate  only  one  shaft  In 
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*  iBttltlple-aerew  venel;  but  it  1«  tonnd  that 

similar  sbafta,  with  ideDtical  tanslle  and  eloDg- 
atloQ  tests,  hare  different  moduli  ot  rigidly, 
proliably  due  to  their  ranrlBK  elastle  limits  and 
some  slight  diCference  of  homogeneity  In  the 
material.  The  only  way,  therefore,  to  ensure 
aoeonuT  Is  to  calibrate  eaeh  shaft  separatelj 
and  to  build  up  a  power  diagram  for  each. 

Another  point  to  bear  in  mind  la  that  a 
working  propeller^haft  is  "aUve,"  and  this 
oimdition  must  be  Imitated  as  far  as  possible 
during  calibration,  by  jarring  the  shaft  with 
repeated  blows  of  a  mallet,  so  as  to  keep  the 
mass  in  a  state  ot  moloeular  vibration.  Other- 
wise the  phettomonon  of  meolianlGal  lijrsteresia. 


so  marked  In  some  statle  eiperiments,  will  ob- 
trude itself  and  vitiate  the  results. 

Having  established  the  true  modulus  of  rig- 
idity for  eaeh  shaft,  m  may  proceed  to  bvild 

up  our  power  diagrams  ha.scd  on  the  formula 
H  e  D«  N/L,  where  U  —  shaft  horse-power, 
B  »  torque  in  degrees,  D  —  diameter  of  shaft 
in  inches,  N  =  nunibor  of  revolutions  per  min- 
ute, C  =  constant  varying  with  the  modulus  ot 
rigidity,  and  L<  »  length  of  shafting  In  faudMe. 
In  this  formula  we  have  all  elements  for 
obtaining  the  shaft  horse-power,  and  it  onljr 
remains  to  ascertain  the  number  of  degrees  ot 
torque  by  means  ot  a  reliable  lad  aeeurate 
torsion-meter. 


NOTES  ON  STEAM  LOCOMOTIVE  DESIGN* 

FBOX  TUB  "8TRBI1T  KAILWAT  JOUBKAL" 


The  •  first  eonsfderattoo  In  the  design  ot 

a  locomotive  is  the  allowable  wheel  pressure 
on  the  rail,  the  weight  at  the  driving  wheels 
b^ng  determfoed  bjr  that.    The  number  of 

driving  wheels  Is  generally  limited  to  four 
pairs  in-  freight  and  throe  pairs  In  passenger 
engines,  the  length  of  the  rigid  driving  wheel 
base  being  limited  to  16  or  IT  ft  ,  on  account 
of  curves.  A  two-wheel  pony  truck  is  consid- 
ered most  suitable  for  freight  engine,  while 
a  four-wheel  truck  is  most  generally  used  In 
passenger  service,  but  for  the  varying  condi- 
tions of  service  naturally  several  types  of  en- 
gine are  necessary.  The  different  types  are 
distinguinhod  from  each  other  by  names  and 
figures.  The  first  figures  generally  representing 
the  grouping  of  the  wheels.  The  first  engine 
signifies  the  number  r>f  thn  whpfls  on  first 
truck;  second  figure,  number  of  drivers,  and 
third  figure,  numl>er  of  wheels  in  trailing 
truck.  Thu.s  wc  have  the  light  passenger  en- 
gine classified  as  4-4-0;  the  medium  size,  or 


•Uc'pori  of  an  nddrpes  dcllvcrp^  before  the  ^rbrawtadr 
S.i  tlon  r,f  the  \    1    K    E  .  l>y  Mr.  C.  J.  M'-llin.  COBMllt- 

Ing  EuRiac«r  ot  tb«  American  liOcomoliT*  Co. 


Atlantie  type.  4-4-3:  the  heavy  paaseager,  or 

Pacific  type,  4-6-2,  and  the  10-whe«l  type, 
4-6-0,  the  latter  as  well  as  the  Mogul  type, 
2-6-0,  and  the  Prairie  type.  {•6-2.  being  most 
suitable  for  mixed  or  fast  freight  service.  For 
regular  freight  service,  the  consolidation,  2-8-0, 
has  practically  become  standard. 

'I'lie  rcciulrcd  cyliiuier  power  i.s  figured  on 

the  basis  of  tractive  weight,  or  weight  of  driv- 
ing wheels  on  the  rail.   The  boiler  pressure  Is 

always  predetermined,  and  the  diameter  of 
drivers  is  about  equal  In  inches  to  the  speed 
the  engine  Is  expected  to  run  in  miles  per  hour. 
The  stn^e  is  selected  so  as  to  give  the  required 
maximum  train  speed  to  a  moderate  piston 
speed.  Two  of  the  most  important  factors  in 
a  successful  looomotlve  are  the  heating  surface 
and  grate  area.  The  method  of  determining 
those  factors  which  has  generally  been  adopted 
and  gives  satisfactory  results  is  to  make  the 
heating  surfncp  in  Ffiuarn  feet  not  less  than 
4a0  times  the  volume  of  one  of  the  cylinders 
in  cubic  feet  tor  passenger  engines  and  400  for 
freight,  the  grate  area  l>elng  about  1-70  ot 
this  amount. 
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THE  OPENING  OF  THE  FIRST  HUDSON 

RIVER  TUNNEL 


CONDENSED    FROM    "ENGINEERINO  NEWS" 


Tuesday,  Feb.  25.  1908.  saw  the  official 
opening  of  a  great  work,  the  first  tunnel  under 
the  Hudson  River,  after  a  history  of  discour- 
agements and  delays  that  has  few  parallels  in 
modern  construction.  Almost  exactly  one-third 
of  a  century  has  passed  since  the  work  was 
started.  In  November,  1874,  a  man  more  bold 
than  experienced,  De  Witt  C.  Haskin,  started 


the  enterprise,  though  it  was  taken  In  hand 
again  and  again.  Not  until  a  quarter  century 
later  was  the  proper  conjunction  of  greater 
skill,  modem  methods  and  ample  money 
brought  to  bear  on  the  work  with  success.  In 
1902  Charles  M.  Jacobs  took  charge  of  the 
work  as  Chief  Engineer  for  the  New  York  ft 
Jersey  R.  R.,  and  since  then  the  advance  haa 


FIQ.  l.-INTERIOR  OF  CAR.  HUDSON  t  MANHATTAN  R.  R. 


the  excavation  of  the  New  Jersey  shaft  for  a 
tunnel  under  the  Hudson  River,  at  a  time  when 
such  a  tunnel  was  almost  universally  regarded 
as  an  impossibility.  His  plans  and  methods 
proved  Inadequate  to  the  task.  [Mr.  Haskin's 
project  was  that  of  a  tunnel  with  a  boiler-iron 
shell  lined  with  3  ft.  of  brick  work,  put  through 
by  the  use  of  compressed  air  to  support  the  face 
and  hold  back  the  water,  without  a  shield. 
Electric  traction  not  being  known  at  the  time, 
compressed-air  and  banked-fire  locomotives 
were  considered  for  motive  power.]  Construc- 
tive difficulties  and  financial  anemia  paralyzed 


been  uninterrupted  to  the  present  stage  of 
completion.  The  North  tunnel  was  holed 
through  on  March  11,  1904,  and  the  South 
tunnel  was  then  pushed  ahead  rapidly,  the 
work  being  finished  on  Sept.  30,  1905. 

The  South  tunnel  was  made  smaller  in  diam- 
eter than  the  North  tunnel  (about  19  ft.  dlam.), 
as  its  size  was  not  fixed  by  any  existing  shield. 
The  South  tunnel  is  15  ft.  3  ins.  inside  the 
lining  and  16  ft.  7  ins.  outside,  the  flanges 
being  8  ins.  high.  Its  entire  length  of  about 
.^>.100  ft.  was  excavated  in  334  actual  working 
days,  an  average  of  15.3  lln.  ft.  per  day. 
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Tbe  relation  of  the  oomplete  tunnel  Ryttem 

to  New  York  City  may  be  followed  Out  readily 
by^ reference  to  the  map.  Fig.  2. 

Th»  aoutherly  pstr  ot  UamHat  w  lower  tun- 
nels, taps  N'ew  York  City  about  half  a  mile 
north  of  the  Battery,  the  southerly  end  of  Man- 
Ikkttan  bland.  A  pair  of  2S-fltory  ofllce  build- 
ings has  been  erected  over  the  terminal  loop, 
on  the  westerly  side  of  Church  St,  covering  the 
two  blodn  between  Cortlandt  St.  and  Pultou 
St.  This  is  within  Ave  minutes'  walk  of  the 
Sub-Treasury,  the  center  of  the  financial  dia- 
trtcst  The  NOW  York  Rapid  Tranitft  Subway, 
on  Broadway,  one  block  east  of  the  Church  St. 
terminal,  will  be  brought  into  direct  connection 
^th  it  by  an  underground  foot  passage  along 
Dey  St.,  entering  the  south  ad  of  the  Fulton 
St.  station  of  the  Subway.  Prom  the  Church 
St.  terminal  westward  to  the  river  there  will 
be  four  tracks,  two  under  Fulton  St.  and  two 
under  Cortlandt  St.  These  connect  with  two 
single-track  tunnels  which  cross  the  river,  con- 
vorglng  In  n  atatlon  lying  dlrootly  under  the 
Jersey  City  terminal  of  the  Pennsylvania  R.  R. 
Thence  the  line  continues  double-tracked  in  a 
weat  and  a  nortb  branoh,  each  double  traiek. 
The  former  rises  to  the  surface  and  enters  upon 
the  main  line  of  the  Pennsylvania  R.  R.  lust 
eaat  of  the  cut  through  Bergen  HUl.  The  north 
branch  extends  along  WashinKton  St.,  Jersey 
City,  in  tunnel,  about  1  ^  miles  north,  crossing 
under  the  tradra  of  the  Brie  Ry..  to  a  junction 
with  the  west  approach  of  the  upper  tunnels. 
At  both  of  the  Junctions  mentioned,  the  op- 
posing traeka  oeparato  to  two  superimpoaed 
levala,  thereby  avoiding  crossings  at  Rrude. 
From  the  upper  Junction  the  line  continuee 
Dortb,  crossing  under  a  river  alip  and  then 
under  the  tracks  of  the  Delaware,  Lackawanna 
ft  Western  Ry.  JuBt  north  of  the  tracks  it 
turns  east  to  a  large  underground  terminal  sta- 
tion alongaldo  tho  LnAawannn  tralnahod  and 
£err>'-house. 

The  historic  upper  tunnels  extend  from  the 
Junction  oaatward  under  FIftaenth  St,.  Joraegr 
City,  with  a  maximum  down  grade  of  B%, 
under  the  river,  to  a  depth  of  about  90  ft. 
below  low  water,  then  rlaing  with  a  Z%  nuud- 
muni  grade  to  the  niri  caisson  at  the  foot  of 
Morton  St.,  New  York.  Excluding  the  old  brick 
portion  of  the  aubaqneoua  tnnneta,  all  thia  work 
is  iron-lined  tunnel,  the  two  tracks  being  In 
separate  circular  tunnels,  except  that  the  Ho- 
boken  Junction  la  of  oonerete,  conatmciad  In 
n  ealaaon  ot  reinforced  concrete  aunk  from 
the  aurface. 


The  New  ToA  approach  riaee  lathw  steeply 

eastward  along  Morton  St.  to  Greenwich  St., 
thence  north  on  Greenwich  St.  two  blocks  to 
Chrlatopher,  and  tnma  eest  on  Christopher  St. 
At  Christopher  and  Greenwich  Ste.  la  the  flrat 

station. 

The  line  eztenda  east  along  Chrlatopher  St., 

still  as  a  pair  of  circular  Iron-lined  tunnels 
driven  by  shield,  to  Sixth  Ave.,  where  Sixth 
Ave.,  Christopher  St,  Ninth  St.  and  Greenwich 
Ave.  intersect.  Here  the  Greenwich  Ave.  sta- 
tion is  located.  The  grade  along  Christopher 
8t  la  flat,  being  determined  by  the  Tequtrement 
of  the  old  Rapid  Transit  Commission  that  at 
Hudson  St.  (a  block  east  of  Greenwich  St)  and 
at  Greenwich  Ave.  the  tunnels  be  kept  so  low 
as  to  give  at  leaat  20  ft  clear  below  the  street 
surface  for  future  rapld-tranalt  aabway  oos- 
iiirucliou. 

At  Sixth  Ave.  the  line  turns  north,  and  alao 
branches  eastward  Into  Ninth  St.  The  main 
line  extends  up  Sixth  Ave.  to  33d  St.  The  shield- 
driven  tunnelB  continue  to  Twelfth  St,  rlalng 

steadily.  Here  begrlns  a  relnforccd-concrete 
subway  type  of  construction  and  continues  the 
remainder  of  the  distance  to  the  SSd  St  ter- 
minal. 

The  tunnels  under  the  river  have  variable 
spacing,  averaging  about  SO  ft  c  to  e.  .for  the 

upper  tunnels.  The  land  portions  of  the  iron> 
lined  work  have  a  spacing  ot  18  ft  to  25  ft.« 
depending  on  local  conditions. 

The  iron-lined  tunnels  generally  have  an 
outer  diameter  ot  10  ft  7  ins.  and  an  inner 
diameter  of  16  ft  8  Ins.  Inside  the  Iron  (t*In. 
flanges).  The  upper  river  tunnels  have  dif- 
ferent diameters,  as  already  noted.  On  curves 
the  standard  dimension  Is  changed  to  16  ft 
9  Ins.  outside  and  15  ft  4  hu.  Inside,  with  7-in. 
flanges.  The  sharpest  curves,  at  Morton  St 
and  at  Greenwich  Ave.,  are  of  150-ft  radius  on 
the  center  line  of  the  Inner  facing  of  concrete 
over  the  invert  and  up  to  the  center  line  (Fir. 
3).  The  cable  ducts  are  embedded  in  concrete 
ben^es  on  either  side. 

The  relntorced-concrete  section  consists  of 
two  rectangular  single-track  compartments  sep- 
arated by  a  16-ln.  dividing  walL  The  dtmen< 
slons  of  each  compartment  arc  1?,  ft.  wide  by 
14  ft  6  ins.  high  inside;  the  inner  line  of  the 
roof  la  ardMd,  and  the  height  Is  that  at  center 
of  compartment.  The  cable  ducts  extend  along 
the  outer  wall,  and  the  track  therefore  la 
placed  6  Ins.  Inward  of  the  center  line,  making 
the  spacing  of  the  two  tracks  1  3  f t.  3  Ins.  c.  to 
c.    Where  the  columns  of  the  Sixth  Ave.  ele- 
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Tbe  part  itbown  by  solid  line  was  opened  for  traffic  on  Feb.  25,  1008.  The  line  Is  doubletrack  tbroughout  Tb« 
■ubaqueous  tunnel  at  Morton  St.  comprises  two  slngletrack  tunnela  tide  b/  ilde.  Tbe  Bubaqueoua  tunneU  at  Ful- 
ton  St.  and  Cortland  St  are  eacb  slngletrack. 

Tbe  turnout  of  the  Ninth  St  branch  at  Sixth  Ave.  and  »lh  St.,  New  York  City.  Is  at  grade.  The  crosslnga  at 
the  two  junctlODi  la  Jersey  City  are  not  at  grade,  the  Junctions  being  doubledcck. 
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vated  railway  rest  on  the  structure,  the  roof  is 
strengthened  by  transverse  steel  I-beams.  The 
grades  of  this  part  of  the  line  were  determined 
by  the  piping,  sewers,  etc..  encountered  below 
the  surface. 

The  tunnel  system  provides  the  flrst  means 
of  crossing  the  Hudson  at  New  York  City 
otherwise  than  by  ferry.  Its  southerly  end  is 
in  the  center  of  the  financial  and  office  district 
of  the  city,  while  the  northerly  end  extends 
through  the  department  store  district  and  ter- 
minates at  a  very  central  point;  it  is  close  to 
the  new  city  terminal  of  the  Pennsylvania  R. 
R.,  now  building;  it  Is  Just  at  a  station  of  the 
Sixth  Ave.  elevated  railway,  and  It  is  within  a 
few  steps  of  Broadway  and  close  to  the  theatre 
district.  The  Ninth  Ave.  elevated  railway  is 
crossed  at  Christopher  St.,  where  both  elevated 
and  tunnel  line  have  a  station.  The  Ninth  St. 
branch  will  terminate  at  the  Astor  Place  sta- 
tion of  the  subway,  which  extends  the  full 
length  of  Manhattan  Island  and  into  the  Rronx, 
and  through  the  Battery  tunnel  under  the  East 
River  to  Brooklyn. 

The  New  Jersey  portion  of  the  tunnels  con- 
nects with  the  Krie,  Lackawanna  and  Pennsyl- 
vania railway  terminals,  havingstatlons  directly 


alongside  or  under  each  of  them.  It  gives 
equally  direct  connection  with  the  trolley  lines 
of  Jersey  City  and  Hoboken,  which  radiate 
thence  outward  to  all  of  northern  New  Jer- 
sey. The  westward  branch  of  the  southerly 
tunnels  will  give  train  service  directly  to  New- 
ark, via  the  tracks  of  the  Pennsylvania  R.  R., 
and  will  relieve  the  latter  of  a  heavy  burden  of 
short-haul  traffic  between  New  York  and 
Newark. 

The  operating  equipment  of  the  tunnels  con- 
sists of  all-steel  cars  operated  by  direct-current 
third  rail,  with  multiple-unit  control.  Power 
is  supplied  from  the  generating  station  in  the 
southern  part  of  Jersey  City,  at  11,000  volts, 
three-phase,  converted  Into  600-volt  direct  cur- 
rent at  three  substations. 

The  cars  will  be  run  in  trains  of  eight  dur- 
ing the  rush  hours.  They  embody  several  new 
features.  There  are  both  end  and  center  doors, 
to  facilitate  traffic  interchange.  The  doors  are 
arranged  to  give  an  electric  signal  to  the  motor- 
man  when  all  doors  of  a  train  have  been  fully 
closed,  and  the  bell-cord  method  of  signaling  is 
thus  done  away  with.  The  cars  (Fig.  1)  con- 
tain no  cross-seats,  but  only  side  seats.  Stand- 
ing passengers  are  provided  not  only  with  the 
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well-known  straps,  but  also  with  steel  uprights 
Mt  at  intcrrals  a.\ong  th*  front  edges  of  the 
scat  rows.  The  fare  in  the  tuunels  Is  '>  cts.  be- 
tween any  two  points,  against  a  fare  ot  8  cts. 
wtien  nstng  tnrfaee  ears  and  ferry. 

The  complete  separation  of  the  two  tunnels, 
maintained  by  tbe  dividing  wall  in  the  rein- 
foroed-eonerete  Mdlon  and  interrupted  only  at 
Christopher  St.  station,  the  Greenwich  Ave. 
station,  and  two  cross-overs  located  Just  west 
of  the  latter,  and  at  19tb  St..  is  relied  upon 
to  take  care  of  all  needs  In  the  way  ot  ventila- 
tion. The  train  movement  In  either  compart- 
aont  will  act,  like  a  series  of  pistons  moving 
in  tho  eame  dtreetltHi,  to  prodnoe  m  atsady  for- 
ward current  of  air.  Additional  ventilation 
,  will  be  furnished  by  fans  at  several  points  of 


the  system  forcing  fresh  air  into  the  tunnels 
and  sweeping  the  heated  and  vitiated  air  out 
of  the  station  openings. 

The  Hudson  &  Manhattan  R.  R.  Co.,  which 
operates  the  system.  Is  nnder  the  presidency  of 
Mr.  William  G.  McAdoo.  Mr.  Walter  O.  Oak- 
man  is  President  of  the  Hudson  Companies. 
Mr.  Pliny  Vlak  and  Mr.  Wm.  M.  Barnum  of  the 
banking  hottass  of  Harvey  Fisk  ft  Sons,  have 
heen  olose!y  ponnertod  with  the  financing  which 
made  the  work  pui>uible.  The  engineering  and 
construction  work  was  done  by  Mr.  Charles  M. 
Jacobs,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  and 
Mr.  J.  Vipond  Davles,  M.  Am.  Soc  C.  £.,  Dep- 
uty Chief  BngtnMT.  The  total  eoat  ot  the  tatt- 
nel  system  and  Its  eqvlpnent  wUl  reach 
970.000,000. 


SMALL  WATER  SUPPLIES 

THE  GENERAL  DESIGN  OF  A  WATER -WORKS  SYSTEM 
By  H.  C  H.  SH£NTON»  M.  S.  £. 

C0NDBN8BD  FROM  "PUBLIC  WORKB" 


The  object  of  the  present  article  is  to  con- 
sider how,  haTlns  obtained  a  supply  of  water, 
it  may  be  best  condacted  to  tho  places  whero 
it  is  required. 

There  are  a  few  gontral  facts  hearing  npon 
the  question  wbldi  nay  Iw  etatsd  briefly  at 
the  outset: 

(1)  If  a  grayltatfon  scheme  can  be  arranged 

it  l3  the  best  and  cheapest  system.  lu  the  case 
ol  a  gravitation  scheme  the  first  cost  ot  the 
work  repreaenta,  practically  speaking,  the 
whole  outlay,  whereas  v.  \th  a.  pumping  scheme 
the  cost  of  working  must  be  added,  and  this 
represents  the  interest  of  a  large  capital. 

(S)  If  the  Bonroe  Is  practically  Inexhaustible, 
a  larpe  storaR**  reservoir  will  not  he  needed. 
The  bpring,  well  or  stream  from  which  the 
water  is  drawn  becomes  the  storage  reserroir 
in  that  case. 

(3)  If  the  supply  comes  from  an  intermit- 
tent source,  a  very  large  storage  reservoir  may 
be  needed. 

(4)  II  the  supply  is  continuous  but  small,  a 
storage  reeervotr  wHI  be  needed  suffldent  to 
hold  all  that  comes.  lr<ttinK  It  flow  out  into 
the  mains  when  required  at  a  quicker  rate  than 
Uiat  at  which  it  comes  Into  tho  reservoir. 


(5)  Filters  may  be  required  or  not,  accord- 
ing to  the  nature  of  tho  water. 

( 6 )  Softening  plant  may  be  needed  for  hard 
water. 

(7)  Certain  waters  must  not  be  run  through 

lead  pipes. 

(8)  Storage  reservoirs  are  those  used  to 
retain  a  large  quantity  of  water,  which  may 

flow  in  slowly  or  intermittently  from  springs, 
gathering  grounds,  streama  or  pumping  mains. 

( 9 )  Service  reservoirs  are  those  used  to  hold 
say,  two  or  threo  days'  supply  for  a  partlentar 

purpose — e.g..  to  allow  for  Irregrtilarltles  of 
pumping,  or  to  provide  for  a  sudden  large  de- 
mand for  fire  purposes.  Separate  servloe  reo- 
ervoirs  may  be  needed  to  reduce  the  preasnre 
in  the  mains. 

(16)  Sometlmss  rdlanee  la  placed  on  pumpo 
only,  the  pnmps  being  made  to  deliver  Into  a 
small  tank  on  a  water-tower,  or  Into  mains  over 
a  standptpe.  It  will  generally  be  found  ad- 
vantageous, If  the  pumps  can  be  made  to  de- 
liver Into  a  reservoir  of  good  size. 

(11)  It  may  be  possible  to  supply  the  lower 
parts  of  a  district  hy  gravitation,  while  the 
supply  for  places  at  higher  levels  may  have  to 
be  pumped.   Small  service  reoervolrs  may  be 
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piftMtf  on  tbe  blffbMt  Ulla  and  other  aer?loe 

reservoirs  on  lower  sites,  each  having  their 
Mparate  systems  of  mains.  The  Judicious  lay- 
ing out  of  thie  district  la  sucli  aones  will  liATe 
a  moat  Important  eSeet  upon  oeonomknl  vork- 

(1{)  Tlio  laying  down  of  mains  and  aarrlQes, 

their  general  arrangement,  the  proper  sizes  of 
pipM.  and  the  placing  ot  valves,  meters  and 
waih-oDta,  and  other  deti^  of  the  worit,  fa 
another  section  of  the  auhjoct  irhloh  la  ot  fho 

greatest  importance. 

It  is  not  too  much  to  ray  that  eadi  of  the 
twelve  headings  given  above  would  torn  an 

excellent  subject  for  a  separate  article  or  series 
of  articles,  and  to  these  cau  be  added  a  ihlr- 
teenth-^vli.,  the  important  subject  of  pumping 
or  lifting  the  water. 

The  author  is  reluctantly  obliged  to  omit  the 
aubleet  of  pnmpe  and  pumping  from  this 
article,  seeing  that  space  would  not  allow  him 
to  do  more  than  touch  it  in  the  most  superficial 
manner. 

COLLECTION  OF  WATER. 
Water  issuing  at  ground  level  in  the  form  ot 
springs  is  generally  Intercepted  by  means  of 

gathering  drains.     These  drains  are  generally 

made  of  unglazed  stoneware  pipes,  .with  open 
Joints  which  run  to  amall  eatCbpits.  Some* 

times  canvas  or  sltullar  material  la  lapped 
round  the  butt  Joints  of  the  pipes  to  exclude 
sand,  all  water  thus  filtering  through  the  can- 
vas or  through  the  porous  pipe:*. 

The  object  of  these  drains  is  to  ratch  the 
water  which  is  pauiilug  through  the  ground 
near  the  surface;  as  for  Instance,  In  case  a 
number  of  small  springs  exist  at  the  edge  of 
a  gravel  patch  it  is  clear  that  some  such  gath- 
ering drain  is  required. 

Where  water  issues  in  large  volume  at  one 
spot,  as  from  a  fissure  in  the  chalk  or  lime- 
stone, it  may  be  at  once  caught  In  a  pool,  pit 
or  small  reservoir. 

The  catch-water  drains  or  channels  are  car- 
ried to  small  catebplts.   These  are  generally 

hullt  of  roiicrete  or  masonry,  anil  shoulil  he 

made  water-tight  by  rendering  with  cement  or 
by  other  means.  Th^  should  have  large  iron 
covers  to  allow  for  cleaning,  and  also  so  that 
field-mice.  Insects,  etc.,  cannot  get  into  the  pit. 
It  will  be  found  better  to  use  Iron  covers  than 
wooden,  since  wooden  covers  will  eventually 
rot  and  allow  things  to  fall  Into  the  pit.  For 
the  same  reasuu  it  is  well  to  carry  the  coping 
a  few  Indies  above  the  ground  level. 

The  number  and  size  ot  these  pits  will  de* 


pend  upon  the  number  and  else  of  the  spring*. 

The  bottom  of  the  pits  should  be  two  or  three 
feet  below  the  outlet  and  inlet  pipes,  so  that 
solid  matter  may  be  retained.  Thmf  can  ba 
cleaned  as  often  as  aecsssary  with  spades  and 
buckets. 

It  Is  usually  beet  to  carry  iron  pipes  from 

these  ratchiiits  to  the  s.torage  reservoir,  but 
stoneware  pipes  with  cement  joints  are  some- 
times used.  With  Iron  pipes  valves  should  be 
fixed  at  tbe  top  and  at  tbe  end  of  each  main, 
so  that  they  may  be  under  control  either  at  the 
pits  or  at  the  reservoir.  The  collecting  main 
runs  from  each  catcbpit  to  the  storage  reser- 
voir, and  there  It  should  enter  a  second  grit 
chamber,  and  it  is  also  well  to  let  the  water 
run  Into  tbe  reservoir  through  a  submerssd. 
arch  or  dipping  pipe,  so  that  leaves  or  other 
fioattng  matters  present  may  be  kept  oat  ot 
the  reservoir.  There  should  be  a  depth  of  two 
or  three  feet  In  the  grit  chamber  to  Intercept 
sand.  There  should  also  be  an  overflow  weir 
In  case  of  an  excessive  How. 

Water  running  from  an  open  channel  or 
stream  into  a  reservoir  should  pass  through 
one  or  more  grit  pits  or  the  rseervolr  will  be- 
come silted  -up. 

In  the  case  ot  a  lake  or  of  a  river  the  water 
of  whl<di  Is  used  for  drinking  purposes  for 
small  supplies,  the  river  or  lake  may  be  con- 
sidered the  storage  reservoir;  for  very  large 
supplies  the  case  is  different.  Where  the  water 
does  not  exist  at  ground  level  It  must  be  gath- 
ered by  means  of  wells  or  adits. 

In  designing  a  waterworks  intake  of  any 
kind,  and  especially  that  from  a  river  or  lake, 
the  object  should  he  to  draw  off  the  ptirest 
water  and  to  avoid  taking  up  floating  matters 
or  silt.  It  msy  be  necessary  to  carry  the  In- 
take pipe  out  Into  the  lake  or  river  some  dis- 
tance below  water,  or  to  build  a  special  inlet 
tower  as  In  the  case  of  a  large  storage  reser- 
voir. 

Water  falling  over  large  areas  of  moorland 
or  mountain  is  collected  in  storage  rerarvolrB 

Into  which  the  water  flows  through  Us  natural 
channels.  In  small  schemes  special  gathering 
(grounds  are  sometimes  spedatly  prepared  and 

even  paved  ou  the  hillsides,  so  that  the  WatST 

intercepted  may  be  quite  clear. 

8T0RA0B  RBSBRVOIRS. 

storaKe  reservoirs  are  of  several  kinds,  vary- 
ing from  vast  lakes  formed  by  damming  the 
end  of  a  valley  and  thus  Intercepting  the  rain- 
fall of  a  certain  watershed,  to  the  small  cov- 
ered underground  rain-water  tank;  which  will 
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hold  about  one-third  of  the  expected  aanual 
rainfall  on  the  roof  of  a  house. 

Where  a  natural  valley  exists  at  a  proper 
level,  taking  the  drainage  from  the  hilts  above, 
It  la  often  a  ilmpto  matter  to  Mlaet  »  point 
where  the  valley  is  narrow  and  the  hills  steep, 
and  by  constructing  a  comparatively  amall  dam 
to  tupouiul  a  largo  Quantity  of  wator.  Tbo 
engineer  will  prefer  to  build  this  dam  of  ma- 
Boory,  concrete,  or  brickwork  If  possible,  but 
from  motlvos  of  ooonomy  earthwork  damo  are 
often  made. 

The  storage  reservoir  must  hold  water  for 
the  mpplr  of  Its  diotrtet  during  the  eeverest 
drought.  There  are  many  reservoirs  of  the 
type  mentioned  Into  which  no  water  comes 
during  dry  weather,  and  it  will  then  he  neces- 
sary to  see  that  the  quantity  impounded  during 
the  rains  is  sufficient  to  keep  up  a  supply  of 
water  for  about  six  months. 
Hawksley's  rule  for  the  storage  of  wator  Is: 

the  numher  of 
1,000  days'  supply 

the  reservoir 
d  h  o  u  1  d  con- 
tain. 


Vinches  or  rainfall  per  annum 


If  the  rainfall  Is  taken  at  25  In.  per  annum 
the  «iIenlatio&  will  be  as  follows: 
1,000  1,000 

 —  =  200  days'  supply. 

V  W  6 
Let  us  assume  that  the  plaoe  to  be  supplied 

had  a  population  of  2,000  persons,  and  that 
an  allowance  of  30  gallons  per  head  per  diem 
was  required.  The  storage  reservoir  should 
hold  2.000  V  30  x  200  =  12,000,000  gallons. 

Such  large  storage  reservoirs  only  occa- 
sionally form  any  part  of  a  small  system. 
When  they  are  constructed  the  dam  should  be 
made  long  and  shallow  rather  than  short  and 
deep,  as  the  cost  will  be  less.  The  reservoir 
should  not  be  too  shallow,  for  weeds,  vegeta- 
ble matter,  etc.,  grow  luxuriantly  In  water  leas 
than  5  ft.  deep.  The  ground  must  be  water- 
tight; water  retained  by  the  dam  will  soak 
away  and  there  will  be  great  risk  of  the  dam 
Itself  being  wrecked.  The  dam  must  be  so  ar- 
ranged that  water  cannot  get  under  it.  The 
natural  ground,  when  the  top»8oll  and  vegetable 
growth  has  been  cleared  away,  will  be  a  floor 
sttfllelent  for  all  practical  purposes.  It  must 
never  be  atssumed  that  because  a  reservoir  is 
large,  or  because  there  Is  an  abundant  supply 
of  water  running  Into  It,  that  a  leak  to  unim- 
portant. A  very  small  leak  may  some  day  be- 
come very  large  and  cause  extraordinary  dam- 
age. 


If  a  masonry  dam  Is  built  It  must  be  carried 
down  to  form  a  watertight  joint  witti  the  Im- 

pervious  earth  or  rock  at  Its  base,  and  not  only 
that,  but  Its  ends  most  also  be  Joined  to  the 
impervious  stratum  In  the  hlllsldea,  so  that 
no  wator  can  leak  round  It.  The  same  principle 
must  be  borne  In  mind  in  constructing  an 
earthwork  dam.  Such  a  dam  Is  frequently 
made  with  a  puddle-day  trench  In  the  middle. 
This  puddle  clay  has  to  be  carried  down  to  the 
impenrlolu  stratum  below,  as  shown  In  the 
figure.  Owing  to  the  sort,  masonry  dams  are 
seldom  made,  whereas  earthwork  dams  are 
common.  Such  dums  generally  have  an  Inside 
slope  of  2  to  1  and  an  outside  slope  of  S II  to 
1,  the  top  of  thp  fn^bankment  being  about  (5 
ft.  wide.  For  small  dams  of  this  kind  it  will 
be  found  best  to  line  the  Inside  taoe  with  day 
puddle  or  other  watertight  material.  The  prac- 
tice of  putting  In  a  puddle  trench  In  the  middle 
of  an  embankment  which  is  not  Impervious  Is 
wrong  In  principle,  since  half  the  embankment 
Is  doing  no  work,  and  may.  If  saturated  with 
wator,  tend  to  overturn  the  rematnint  half. 
Earth  saturated  with  water  f  r  a  long  period 
touds  to  become  fluid,  and  in  that  case  only  the 
part  of  the  dam  on  tte  fnrtiier  side  of  the  ]Hid> 
die  clay,  or  other  core,  would  support  tlie 
water  pressure. 

The  objection  to  lining  the  inside  slope  ot 
reservoirs  with  puddled  day  Is  that  It  Is  apt  to 

become  disintegrated  by  the  action  of  the 
weather.  This  can  be  prevented  by  protecting 
the  surface  with  suitable  paving. 

In  the  construction  of  reservoirs  or  other 
-watertight  structures  of  any  kind,  one  abso- 
lutely watertight  lining  is  Inllnltoly  better  than 
a  dozen  linings  put  one  over  the  other,  each  of 
which  is  "practically  watertight";  that  Is  to 
say,  which  lets  a  very  little  water  by.  As  fsst 
as  the  water  Is  stopped  at  one  plaoe  It  comes 
In  at  another,  and  this  making  good  of  quite 
little  leaks  goes  on  indefinitely  and  until  the 
tank  Is  lined  with  the  very  greatest  care»  so 
that  not  a  drop  Of  water  can  enter,  it  will  never 
be  sound. 

The  overflow  of  a  reservoir  ot  this  kind  must 

be  very  carefully  arranged,  since  any  flow  over 
the  top  of  the  earthwork  dam  would  be  fatal. 
The  earth  would  be  cut  away  and  the  dam 
would  disappear.  In  providing  for  the  over- 
flow it  Is  customary  to  do  one  of  three  things: 
{a)  To  construct  a  masonry  section  of  the  dam 
and  to  conduct  the  overflow  down  this  with  the 
greatest  care,  so  that  there  may  be  no  possl* 
btllty  of  injury  to  the  embankment  or  to  the 
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foundations  of  the  masonry  section;  (b)  to 
make  an  overflow  pipe  or  shaft  in  the  reservoir, 
and  to  ronduct  water  from  tills  in  a  tunuel, 
arranged,  U  possible,  well  away  from  ttie  dam. 
Mid  (e)  to  build  tlM  overflow  at  the  aide  of  the 
reservoir,  and  to  conduct  the  water  away  In  a 
tunnel,  or  other  conduit,  avoiding  the  dam  al- 
together. 

Outlet  pipes  should  not  leave  the  reservoir 
through  the  earthwork  dam,  as  they  would 
oolietltute  a  aonroe  of  weakneai.  The  beat 
method  of  avoiding  this  will  depend  upon  clr- 
oumatances.  For  inatance,  the  pipes  can  be 
laid  In  a  tunnel  below  the  Impenrloua  atratnm 
forming  the  floor  of  the  reservoir,  and  can  en- 
ter the  reservoir  through  a  tower  of  masonry, 
or  caatplnm,  which  makes  a  watertight  Joint 
with  the  floor  so  that  no  leakage  can  possibly 
take  place  under  it. 

Where  levels  permit  service  reeervolrs  are 
generally  made  halt  in  and  half  out  of  the 
ground,  in  order  that  the  thickness  of  the  wall 
may  be  reduced,  for  a  wall  supported  by  a 
backing  of  solid  earth  or  rock  may  be  made 
much  thinner  than  a  wall  entirely  above 
ground  level,  backed  by  earth  only.  In  case 
tho  wall  of  auOh  a  reserTOlr  la  made  in  rodk, 
the  lower  part  of  the  wall  can  be  very  thin. 
In  a  similar  reservoir  wall,  the  lower  part  of 
whidi  la  eonttmcted  In  fairly  aolld  gronnd,  the 
lower  wall  must  be  made  of  sufllclent  thickness 
to  retain  the  solid  ground,  but  no  account  need 
be  taken  of  the  water  presanre.  In  thla  ease 
Va'j  svall  can  be  made  thinner  than  under  or- 
dinary circumstances,  since  Ita  strength  Is  In- 
ereased  by  the  weight  of  the  wall  above.  In 
the  case  of  the  same  reservoir  wall  constructed 
in  soft  earth  or  made  ground,  the  solid  earth 
existing  only  at  the  lowest  level,  the  wall  Is 
made  to  take  both  the  thrust  of  the  earth  and 
the  thrust  of  the  water,  for  the  made  ground 
or  soft  earth  cannot  be  trusted  to  support  the 
wall  against  the  preasure.  The  portion  of  the 
wall  which  comcR  above  ground  level  is  con- 
structed as  an  ordinary  dam,  and  the  reason 
for  making  it  of  anoh  dlmenalona  la  that  It 
may  be  able  to  withstand  the  water  pre!5snre 
without  any  earth  backing,  because  the  em- 
bankment la  at  Its  best  only  made  ground,  and 
Kh()ii]d  not  be  trusted  to  support  a  wall  against 
the  horizontal  thrust  of  the  water. 

If  a  wall  Is  constructed  with  Its  back  against 
earth  •^vhiih  is  noi  liard.  or  if  if  h.is  fallen 
In  so  that  gaps  occur  behind  the  walls,  it 
ahonld  be  atrehgthened,  the  gaps  being  filled  In 
with  coarse  concrete  or  other  hard  material. 


Moreover,  the  back  of  the  wall  should  be  verti- 
cal, or  there  will  be  a  backing  of  made  earth 
which  will  not  support  it  properly  agalnat  the 
water  thrust. 

When  the  reservoivs  are  roofed,  the  roof  Is 
grencrally  made  of  concrete  or  brickwork 
arches,  or  concrete  laid  flat,  and  supported  on 
steel  Joieta.  In  constructing  a  covered  servloe 
reservoir  It  will  bo  useful  to  bear  in  mind  the 
following  facts:  The  excavation  should  be  car- 
ried down  to  the  mil  depth  and  for  the  full 
width  of  the  foundation  of  both  floor  and  walls, 
and  the  concrete  should  be  laid  over  this  ex- 
cavated floor  to  the  full  width  of  the  ezeava* 
tion,  so  that  the  walls  may  stand  upon  a  solid 
platform.  Building  the  walls  first  and  the 
floor  afterwards  is  likely  to  produce  une<iual 
settlements.  The  principle  will  be  fully  grasped 
If  one  remembers  that  in  Lincolnshire,  where 
the  foundations  are  soft,  large  chimney  stacks, 
200  ft.  or  too  ft.  high,  are  frequently  sup- 
ported upon  a  thick  platform  of  concrete;  that 
is  to  say,  they  are  practically  founded  on  a  raft 
Of  oonorete  whiOh  floats  on  soft  ground  into 
which  the  chimney  staCk  would  sink  IC  ita  base 
were  of  smaller  area. 

If  the  reservoir  wills  are  built  of  eonente. 
It  may  or  may  not  bo  found  economical  to 
timber.  Sometimes  the  author  has  found  it 
best  to  line  the  walla  with  4%-in.  work  laid  in 
cement  mortnr  nml  carried  up  all  round  tho 
reservoir  at  once,  course  by  course.  When 
four  courses  are  built  np.  the  concrete  is  illled 
in  behind  from  the  oulBide  of  tho  brickwork  to 
the  solid  edge  ot  the  excavation;  this  is  done  so 
Ifmg  aa  the  wait  la  bdow  gronnd  level,  and 
above  the  ground  level  concrete  !h  laid  to  the 
width  of  the  wall.  Every  fourth  course  ot 
brickwork  ahonld  condat  of  altemate  headers 
and  atretehers.  so  as  to  bond  Om  brickwork  Into 
the  concrete  backing. 

In  adopting  this  form  of  construction  there 
Is  a  saving  in  the  timbering,  and  also  In  Mm 
rendering,  since  brickwork  ijrcsfnts  a  more 
even  surfaet;  than  coucrele  and  therefore  does 
not  take  eo  much  cement;  also,  brickwork 
forms  a  good  material  on  which  to  apply  the 
rendering;  It  may  or  ma>'  not  be  the  most 
economical  method.  Where  piera  are  to  be 
constructed  the  floor  and  walls  should  be  ren- 
dered J -In.  thick  with  cement  mortar,  and  this 
rendering  should  be  allowed  to  set  hard  before 
anything  hunt  upon  it.  Tho  watertlghtnesa 
of  the  reservoir  will  depend  entirely  upon  the 
care  with  which  thla  work  to  done. 

The  reservoir  must  be  ventilated  and  there 
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must  be  meaas  of  acceas  from  the  root  maa- 
holea  to  tte  interior,  siieli  u  m  Iron  Inddor. 
This  is  preferable  to  itep  lron«,  wllldl  are  • 
source  of  weakness. 

The  Ilnlttir  to  tbe-  roMrroir  mart  bo  vvrf 
earefully  examined  when  tbe  work  is  finished; 
it  should  be  wrapped  over  carefully,  and  any 
places  wUdi  sound  hollow  or  soft  Should  be 
cut  and  made  good.  It  will  be  well  then  to  fill 
the  reservoir  with  water  and  to  let  it  stand  for 
12  hours,  and  note  the  amount  that  the  water 
subsides.  If  the  reservoir  Is  really  watertight 
it  wJll  not  subside  verv  much 

With  regard  to  slight  leakage  from  reser- 
voirs. It  should  be  remembered  Uiat  rendering 
which  is  not  worked  to  a  polished  face  Is  apt  to 
be  porous,  and  the  importance  of  working  up 
the  cement  to  a  iK»lUhed  face  beeomes  evident, 
in  the  author's  opinion  this  should  be  obtained 
by  trowelling  the  cement  mortar  and  not  by 
adding  any  skimming  coat  of  neat  cement. 

There  are  other  melhotl^;  of  making  a  reser- 
voir watertight  besides  rendering  with  cement 
mortar.  Bitumen  sheeting  is  used  for  the  pnr* 
pose,  and  la  satisfactory  if  properly  protected. 
Asphalt  is  also  used  for  lining  walls  and 
HOOTS.  It  must  he  remembered  that  the  ae- 
phalt  or  bitumen  sheeting  will  not  adhere  to 
the  walla  like  cement,  and  that  they  must  be 
put  in  between  two  walls.  Reservoirs  made  of 
concrete  without  any  rendering  are  sometimes 
constructed,  but  in  the  author's  opinion  this  Is 
not  a  good  principle,  since  it  is  practically  im- 
possible to  prevent  inequalities  in  the  concrete* 

Clay  puddle  is  also  used  as  a  lining  for  serv- 
ice reservoirs  under  certain  conditions.  There 
are  cases  where  the  puddle  Is  first  laid  over  the 
floor  and  then  the  concrete  floor  Is  laid  on  the 
puddled  clay,  and  the  wail  is  filled  up  with 
puddle  hacking  behind  it.  It  doee  not  seem 
rferht,  however,  to  found  masonry  or  concrete 
work  on  such  a  soft  foundation,  and  it  is  dlf- 
flenlt  to  see  any  advantage  in  making  a  reser> 
voir  of  this  type.  In  another  typo  of  puddle- 
lined  r^ervoir  the  puddle  forms  the  watertight 
material,  and  there  ie  no  heavy  masonry  upon 
It  at  all,  the  face  of  tbe  puddled  clay  being 
merely  paved  with  concrete  or  other  suitable 
material  to  protect  it.  This  type  of  reservoir 
is  useful  in  cases  where  spttlements  are  ex- 
pected, such  as  over  old  coal  workings.  It  Is 
also  a  very  economical  form.  In  American 
practice,  reservoirs  arc  frequently  lined  with 
slabs  of  concrete,  having  asphalt  Joints  which 
allow  for  egpansion  and  contraction.  Walls 
are  also  hullt  upon  the  same  principle,  with  an 


asphalt  joint  in  tbe  watertight  surface  at 
given  Intervals.  Where  pipes  or  flttlngs  pene> 
trate  the  watertight  lining  of  a  reservoir  the 
greatest  care  must  be  taken  to  prevent  leakage. 
Such  ionrose  ot  weakness  most  he  avoided  aa 
far  aa  poaslhls. 

FEKBO-COViCBXrE  RESERVOIRS. 

The  chief  advance  that  has  been  made  in 
service  reservoir  construction  during  recent 
years  is  due  to  the  nee  of  ferro-eoncreto. 

To  consider  the  economy  of  ferro-concrete 
construction  briefly  It  can  be  seen  that  the 
floor  and  walls  being  thinner  in  ferroHioneretet 
there  ought  to  be  a  saving  of  escavatloii.  A 
ferro-concrete  floor  can  be  made  to  span  the 
soft  places  that  under  ordinary  conditions 
would  have  to  be  excavated  and  filled  with  con- 
crete under  the  floor  of  the  reservoir,  or  which 
might  neoessitate  lowering  tbe  whole  floor,  and 
this  may  mean  a  great  saving. 

The  reservoir  floor  Is  generally  a  flat  plat- 
form of  concrete,  resting  upon  a  solid  founda- 
tion. In  aneh  a  case,  unless  It  ie  desired  to  re- 
inforce, In  order  to  prevent  temperature  and 
shrinkage  craclis,  there  Is  no  need  for  rein- 
forcement with  eteel  bars.  It  tieqoentlr  hap- 
pens that  a  Bolld  foundation  is  not  found  at 
this  required  level,  and  though  it  will  support 
the  water  preesare  on  the  floor,  it  may  not  be 
firm  enough  to  support  the  vertical  thrust  of 
the  piers.  In  this  case  the  careful  addition  of 
steel  bars  la  the  floor  where  the  piers  occur 
will  be  of  the  greatest  advantage. 

In  the  construction  of  walls  the  possible 
saving  by  the  use  of  ferro-concrete  Is  great. 
Without  going  Into  detail,  the  case  Is  much  like 
that  of  a  barrel  with  and  without  the  hoops. 
If  a  barrel  had  no  huops.  Its  sides  would  have 
to  be  increased  in  slse,  until  in  section  they 
looked  like  an  ordinary  dam.  By  putting  iron 
hoops  round  the  barrel  to  take  tbe  tensile 
streesss  which  the  wood  itself  could  not  take, 
the  thickness  of  the  side  of  the  barrel  Is  re- 
duced to  a  minimum.  The  case  is  the  same 
with  a  small  dreular  ferro^ncreto  reservoir. 

In  the  case  of  a  rectangular  reservoir  the 
wall  is  kept  from  overturning  by  being  thor- 
oughly bonded  into  the  floor,  and  by  having 
buttresses  at  given  intervals.  It  is  a  great  ob- 
jection against  the  use  of  buttresses  in  a  re- 
taining wall  that  when  the  preesure  of  the 
esrth  comes  upon  the  back  of  the  wall  there  is 
a  tendency  for  the  wall  to  come  forward,  leav- 
ing its  buttress  behind.  In  ferroconcrete  work 
this  objection  disappears,  since  the  bnttrees  Is 
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aeeurely  ti«d  to  the  TertlcBl  stMl  nmuben  of 

the  wall  by  horizontal  ties. 

The  most  economical  depth  for  ordinary 
Mrrlce  renrrativ  !■  generally  taken  to  be  about 
12  ft.  MMOUy  and  concrete  low  waUa  are 
much  cheaper  per  foot  in  height  than  high 
ftralla.  If,  however,  the  walls  are  too  low,  the 
fioor  and  root  area  become  lo  .  great  that  tli^r 
n>or.i  than  counterbalance  the  saving  of  mate- 
riul  in  ibe  walls.  With  ferro-coDcrete  the  case 
le  entirely  different.  The  higher  the  wan 
(within  limits)  the  greater  the  proportionate 
saving  in  using  ferro-concrete;  this  entirely 
alten  the  rule  tor  ecooomleal  depth. 

The  advantapp  of  the  rtile  of  constructing 
the  reservoir  half  in  and  half  out  of  the  ground 
ie  lewMoed  to  a  great  extent  with  ferro-oon- 
crete,  for,  while  tbfre  Is  a  preat  saving  of  ma- 
terial in  making  the  top  half  of  the  wall  a 
dam  and  the  bottom  half  merely  a  retaining 
wall  for  earth,  there  l.s  no  such  great  advan- 
tage to  be  gained  by  sinking  the  terro-ooncrete 
tank  much  below  ground  level.  The  difference 
in  cost  per  foot  of  height  between  a  ferro-con- 
crete wall  6  ft.  high  and  one  12  ft.  high  in  a 
roofed  reservoir,  where  the  top  of  the  wall  la 
held  by  the  roof  and  the  bottom  of  the  wall 
is  held  hy  the  floor,  being  very  small  In  propor- 
tion. In  the  case  of  a  wall  of  thla  kind,  where 
the  steel  bare  In  the  roof  and  floor  are  securely 
fastened  to  the  vertical  steel  bars  In  the  wall, 
the  wall  ceases  to  be  a  retaining  wail  or  dam 
la  the  ordinary  eenae.  and  beoomea  a  girder, 
since  It  la  securely  supported  at  both  ends  and 
has  an  unequally  distributed  load,  due  to  water 
preiaure.  The  advantage  In  a  ease  Uhe  this 
is  that  the  fstrength  of  the  Htructure  can  be 
calculated  much  more  satisfactorily  than  where 
plain  masonry  is  used.  It  Is  Impossible  to  as- 
Huiue  strength  to  resist  tension  In  a  masonry 
wall,  whereas  this  can  be  done  with  ferro-con- 
crete. 

WATER  MAINS. 
With  regard  to  the  water  mains,  the  size 
and  posttlom  will,  of  course,  depend  upon  the 
demand,  and  also  upon  the  position  of  the 
places  to  be  supplied;  but  It  should  be  the  ob- 
ject of  the  engineer  to  form  circuits.  Thus, 
if  two  Mn.  mains  leave  a  reservoir  and  form  a 
circuit  round  a  whole  district,  or  section  of  a 
district,  it  is  clear  that  peoplu  at  the  far  end 
Of  the  loop,  being  able  to  draw  their  supply 
through  two  fi-!n.  pipes  instead  of  one,  will 
have  a  much  greater  quantity  of  water  at  their 
command.  Also,  the  faet  that  water  drealates 
kseps  the  whole  system  dean.  In  the  oaee  fat 


question  It  Is  clear  that  the  greater  part  of 

the  6-in.  loop  must  have  been  laid  in  any  case, 
because  people  on  both  sides  of  the  district 
required  water,  and  only  the  connecting  bit  is 
extra.  In  laying  down  a  new  system  it  would 
cost  less  to  lay  a  loop  thau  a  single  main, 
since  the  luup  would  supply  twice  as  much 
water  per  minute  aa  the  single  pipe,  and  its 
diameter  might  be  correspondingly  smaller.  It 
is  a  good  thing  wherever  possible,  that  branch 
mains  should  also  form  dreolts.  In  this  way 
there  would  be  a  good  clrcnlatlon  throughout 
the  system,  and  stagnation  at  any  point  would 
he  Impoeslble,  and  (he  largest  supply  under  the 
greatest  prsssure  possible  would  always  be 
available. 

The  second  object  of  the  engineer  dedgnlng 

the  system  is  that  the  whole  system  should 
be  under  perfect  control.  Each  section  of  the 
system  should  be  so  arranged  that  It  oan  be 

cut  off  by  closing  its  valves.  Each  branch 
should  be  governed  by  a  valve  where  it  leaves 
the  main;  each  service  pipe  must,  of  cotirse,  be 
governed  by  its  stop-cock  placed  near  the  main, 
and  so  on.  Where  there  is  a  single  main  it 
should  be  broken  up  Into  TOctloos  as  much  ss 
possible  by  stop-cocks.  It  can  be  broken  up, 
for  Instance,  into  half-mile  or  quarter-mile  sec- 
tions, the  smaller  these  sections  are  the  better. 
In  the  case  of  a  circuit  it  is  well  to  have  a 
valve  at  each  end  and  one  in  the  middle.  It  is 
false  economy  to  leave  out  valves,  since  leak- 
ages wmt  oesnr  whIOh  have  to  be  sot  right, 
and  it  Is  of  great  Importance  that  as  small 
a  section  of  the  district  or  system  should  be 
shut  off  as  pooslble,  and  In  the  event  of  a  big 
burst  there  will  be  less  waste  of  water  nni 
less  damage  to  property  if  the  water  can  be 
shut  off  promptly. 

Air  valves  Bin  iM  be  fixed  at  the  top  of  every 
rise,  so  that  it  an  air  lock  does  occur  it  can  be 
removed.  A  small  air  yalve  that  can  be  worked 
by  hand  easily  from  the  top  Is  the  best  ar- 
rangement. 

At  the  bottom  of  every  valley  of  Importanoe 

in  a  district,  wash-out  valves  should  be  fixed 
on  the  mains,  so  that  grit  or  rust  lying  there 
could  be  washed  out.  They  should  also  be  fixed 
on  every  dead  end.  Great  rarelessness  is  some- 
times disitlayed  in  the  fixing  of  wash-outs  in 
direct  connection  with  sewers  or  low-lying  foul 
ditches.  The  wash-out  valve  must  be  so  axw 
ranged  that  under  no  circumstances  would  It 
be  possible  for  foul  water  to  get  back  into  the 
mains. 

Mains  should  be  UU  with  S  ft  6  la.  o<  earth 
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over  them.  If  tbfs  U  not  done,  sooner  or  later 
tber»  win  oome  a  aerere  troat,  and  tlia  malna 

at  the  shallower  levels  will  certainly  burst. 

Water  mains  above  1  ^  in.  diameter  are  gen- 
erally made  ol  cast  Iron  In  England.  The 
smaller  pip^  and  service  oonnectloia  are  Ot 
galvanized  iron  or  lead.  For  these  connec- 
tions lead  pipe  is  generally  used.  lu  localities 
where  the  water  la  aoCt,  to  act  upon  the  lead, 
it  is  dangerous  to  use  them,  and  Iron  pipes 
should  then  be  used.  For  a  long  length  of  pipe 
lead  la  eapeaalTe,  and  galvanliad  Iron  abould 
generally  be  used  in  such  cases. 

Where  a  short  main  of,  say,  In.  in  di- 
ameter haa  to  be  laid  It  would  probably  be  beat 
to  lay  It  In  galvanized  Iron  pipes,  but  If  It  Is 
of  great  length  it  will  be  worth  while  for 
reaaona  of  economy  to  pot  In  east-tnm  coated 
pipes,  Biicih  aa,  for  inatance,  turned  bored 
pipes. 

There  are  one  or  two  makers  who  are  supply- 

inK  steel  or  wrought-iroii  pipes  of  large  and 
small  diameters,  with  socket  enda,  for  main 
laying.  These  pipes  posseee  many  adrantages. 
baring  fewer  Joints,  being  lighter,  aid  ao  on. 
It  most  not  be  forgotten  that  they  are  also 
thinner,  and  would  probably  not  last  so  long 
as  cast-iron  pipes. 

For  larpe  mains  the  riveted  steel  or  wrougrht- 
iron  pipes  are  practically  never  used  in  this 
country.  They  are  lighter  to  handle  beeanae 
they  are  much  thinner,  but  are  liable  to  bo 
pressed  out  of  shape  by  pressure  from  the  out- 
alde,  and  cannot  be  expeoted  to  haT«  the  life 
of  cast-iron  mains.  When  laid  they  are  rtTCted 
up  in  place  on  the  ground. 

Plpee  should  be  Tory  carefully  examined  for 
cracks  beforo  laying.  In  the  author's  opinion 
the  practice  of  tapping  the  pipe  with  a  ham- 
mer la  not  a  auflBdent  test.  Small  eraeks  may 
exist  and  give  trouble  later,  and  it  Is  well  worth 
while  to  look  at  each  pipe  as  carefully  as  pos- 
alble  before  layings.  Rapping  the  pipe,  of 
course,  is  useful,  but  should  not  be  taken  SS  a 
flnal  teat  tor  any  pipe  under  suapicton. 

Water  mains  generally  haTo  caulked  blue 
lead  Joints,  but  turned  and  bored  plpee  are 
generally  good  if  properly  laid  under  ordinary 
condttlona  where  the  foundation  is  solid.  The 
caulked  lead  Joint  la  made  by  caulking  two  or 
three  laps  of  spun  yam  Into  the  socket  after 
the  spigot  has  been  pressed  iuto  place.  Next  a 
roll  of  clay  is  fixed  round  the  mouth  of  the 
socket  so  that  lead  can  be  poured  in.  Special 
Iron  clips  are  sometimes  used  for  this  purpose, 
or  aometlmea  a  piece  of  rope  embedded  In  a  roll 
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of  fireclay.  The  roll  of  clay  may  be  best  made 
on  a  board.  Soft  lead  wire  la  sometimes  used 

instead  of  spun  yarn;  also  the  substance 
known  as  lead  wool  could  be  used.  Molten 
lead  la  next  poured  Into  the  socket  out  ot 
ladles,  so  that  il  ruus  continuously  into  the 
socket  till  it  is  full,  if  possible  the  sockets 
should  face  uphill  where  the  pipes  are  laid  on 
a  sradient,  so  that  the  lead  may  run  the  right 
way  without  any  tendency  for  air  bubbles  to  be 
formed.  The  lead  should  not  be  overheated  or 
It  win  set  loo  hard  to  be  caalkad  propeirly.  It 
must  be  heated  sufBcIently  to  run  easily  rotind 
the  Joint,  but  no  more.  The  heat  of  the  lead  is 
generally  teated  by  holding  a  ahavinc  or  phMO 
of  paper  in  it,  and  seeing  whether  '.t  la  just 
scorched  or  burnt.  The  lead  sets  immediately 
In  a  amall  Joint,  the  dip  or  day  plugglns  la 
then  taken  off,  and  the  lump  of  lead  left  at 
the  top  ot  the  Joint,  where  a  cup  was  formed 
to  receive  the  lead,  should  be  cut  off  with  a 
chisel,  and  if  the  lead  adheres  too  tightly  to 
the  pipe  it  can  be  eased  off  with  a  chisel,  so 
that  the  Joint  may  be  caulked  solid.  The  lead 
should  project  well  beyond  the  socket  at  the 
start,  and  should  be  caulked  with  a  tool  nearly 
as  thick  as  the  space  between  spigot  and  socket, 
so  tii:  r  the  metal  is  compressed  and  rammed 
solid.  The  caulking  should  proceed  continu- 
ously round  the  Joint  till  it  iu  quite  hard. 
Whether  the  Joint  la  sufRoienUy  caulked  can 

be  asf(>rtnined  by  tn.'lng  It  with  n  hnm-iipr  nnd 
caulking  tool;  it  should  be  solid  and  should 
not  give  when  ao  teated. 

Turned  and  bored  Joints  are  useful  where 
the  ground  is  level  and  the  trench  straight. 
They  can  be  laid  more  easily  and  quickly  than 
pipes  with  caulkcrl  l.-'.ni  Joints,  provided  the 
men  are  used  to  the  work.  They  are,  however, 
quite  rigid  and  concentric,  and  can  therefore 
only  be  laid  in  straight  lines.  It  Is  always  well 
to  insert  a  socket  pipe  with  a  lead  Joint,  every 
now  and  then,  say.  at  every  tenth  Joint,  ao 

that  there  may  be  a  little  flexibility,  and  to 
allow  for  any  little  irregularity  in  the  ground, 
and  for  expansion  and  contraction.  The  turned 
spigot  Joint  fits  exactly  into  the  bored  socket, 
and  the  pipe  is  driven  home  with  a  heavy  wood« 
en  mallet,  the  machined  surfaces  being  first 
smeured  with  red-lead.  The  socket  behind 
the  machined  surfaces  is  sometimes  filled  with 
cement  or  red-lead  to  finish  the  Joint,  but  in 
aome  cases  the  ruatlng  of  the  machined  sur- 
faces is  relied  upon  to  make  good  any  leakage 
if  it  does  occur.  The  chief  risk  in  layiug  turned 
and  bored  Jolnta  la  due  to  the  fact  that  bu» 
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perienced  men  will  over-drive  the  pipes  and 
crack  the  M»ek«t8.  It  la  not  dUBcnlt  far  ra> 
perienced  men  to  avoid  this. 

With  regard  to  liydrants,  the  author  would 
llk«  to  p«iat  out  the  uiuraltaMlltr  of  tbe  tell 
hydrant  to  places  In  which  the  mains  ure  sub- 
ject to  varying  pressures,  as  It  is  liable  to  leak. 
TlM  author  once  had  to  report  upon  the  mains 
of  a  certain  company,  and  It  was  Imagined  that 
much  water  was  being  lost  owing  to  the  leaking 


ball  hydrants.  This  wa«  found  to  be  iucorre<^, 
however,  since  on  inspection  It  waa  foand  that 
an  iron  plate  with  red-lead  Joints  had  been 
clataped  down  over  the  mouth  of  each  hydrant 
by  the  engineer  In  charge.  In  order  to  prevent 
the  town  from  being  submerged. 

Automatic  frost  plugs  used  with  hydrants, 
and  parttentarly  irith  atandpoit  hrdranti,  ]iaTe» 
in  the  author's  experience,  failed  to  act  and  are 
not  to  be  recommended. 


AUSTRIAN  COEFFICIENTS  FOR  THE  TRANS- 
MISSION  OF  HEAT  THROUGH 
BUILDING  MATERIALS* 

By  W.  W.  MACQN 


Feeling  that  the  figures  for  the  transmis- 
sion of  heat  through  building  materials,  as 
adopted  hy  the  Society  of  Anetrlan  Bnglneera 
and  Architects,  might  well  be  placed  in  the 
records  of  the  American  Society  of  Heating 
and  Ventilating  Bnglneem.  especially  as  these 
figures  allow  for  some  Interesting  observation!) 
to  be  made  in  comparison  with  the  present 
practice  In  this  eonntry,  a  translation  was 
ifiade  of  the  published  DRuros  of  that  society, 
reducing  the  figures  as  given  In  the  metric 
system  to  those  of  the  Bn^lsh  system  here  In 
use.  Generally  Kpcaking,  the  coefficients  aro 
much  higher  than  those  regarded  as  high 
enough  In  this  country,  although  ft  Is  under^ 
stood  that  they  are  based  ou  tests  made  In 
connection  with  the  heating  and  ventilation 
of  the  new  stock  ezdiange  at  Budapest.  The 
percentage  increase  or  correction  to  be  made 
for  exposure  or  for  the  location  of  the  rooms 
in  a  building  is  not  so  great  as  commonly  em- 
ployed In  this  country,  but  the  difference  is 
not  enough  to  bring  any  OQuality  in  the  total 
heal  uikulaiions. 

For  example,  after  the  amount  Of  tnilS> 
mlttfd  heat  Is  caleul;i'"(l  for  a  Rlvrn  room  an 
increase  of  20  per  cent,  for  a  uortheru  expos- 
ure Is  provided  for,  where  It  has  been  common 
to  use  as  much  as  35  in  this  country,  and  for 
east  and  west  exposures  the  figures  are  in- 
creased by  16  per  cent.,  whereaa,  a  room  wttii 
u  westrrn  exposure  Is  here  subject  to  a  factor 


increase  of  35  per  cent.,  and  when  on  the  east 
side  of  the  building  to  one  of  26  per  cent., 
while  a  south  room  would  have  the  calcula- 
tion Increased  to  say  15  per  cent.,  where  the 
Austrian  figures  do  not  allow  for  any  in- 
crease  for  the  southern  exposure  at  all. 

NOTE. — The  figures  in  the  following  tables 
are  the  numbers  of  British  thermal  units  per 
square  foot  of  surfMe  per  hour  tar  100  de- 
grees F.  difference  in  temperature  on  opposite 
sides,  other  tomperature  dllferences  being  pro- 
portional, so  that  for  70  degrees  dllference  the 
coefficients  are  70  per  cent  of  those  la  the 
tables. 
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FLOOKS   AND  ROOFlXn. 

Plaster  celling,  planks,  filling,  double  wood 
floor,  10. 

Single  wood  floor,  59. 

Piaster  ceiling,  air  space,  filling  and  soft 
wood  floor,  with  cold  air  above,  18;  do.  with 
cold  air  under,  8.8. 
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Plaster  cellius,  air  space,  filling  and  double  Tiling,  without  boards,  178. 

floor,  with  oold  atr  abov*,  15.8;  do.,  wltli  ooM  Corrugated  Iron,  witlioat  boards,  383. 

air  under.  8.1.  WIVDOM'S  AND  SKYLIGHTS. 

Reinforced   concrete   celling   with   double  Single  windows       in.),  196,       In.),  193. 

flooring.  43.  Double  windows,  84.5. 

Reinforced    concrete    celling    with    double  Wired  glass,  188. 

flooring  and  plaster  ceiling  inclosing  an  air  Single  skylight,  206. 

space,  88.6.  Dovbte  akyllebt,  86.6. 

Reinforced   concrete  celling,   with   plaster  DOORS. 

expanded  metal  construction,  concrete  with    Tbtcicneai.   .  soft  wood — — «         /—Hard  wood — » 

ezpandlnc  metal,  fllUng  and  double  floorlac:  'EP"'"^ 

1  70  79  08  113 

6-ln.  beam.. 38  13-ln.  beam..  17       IH    M         on  85  96 

8-ln.  beam.  .22            15-ln.  beam. ,14  V.'.V."','."  M          41  M  » 

10-ln.  beam..  19            20-in.  beam  .13  PARTITIONS  AND  INNER  WAUiS. 

Wood 

Reinforced  concrete  roof,  with  plaster,  in-  Thickness.               pluumd  TlHti 

closing  an  air  space,  cement  with  expanded  inche*.      Wood     both  Mm.    OhUMrr.*  stmoUt 

metal  reinfordns*  asphalt  and  gravel  cover-  h            m  V. 

inir.  36.  «       -  :: 

Reinforced  concrete  roof  without  air  space,     ^    UJ 

103.  3k    Ktt  100 

Tar  paper  on  1-ln.  boards,  78.5.  3^              ;*             !!  W  90 

Zinc  and  copper  roofing  on  1-ln.  boards.  80,    <    84  85 

Slato  rooflns  on  X-Ui.  boards,  77.  ti^lS^^Z^S^lJlS^'^  10  p«  c-t  u 


WATERPROOFING  CEMENT  STRUCTURES* 


By  JAMES  L.  DAVIS 


Generous  use  of  Portland  cement  will  secure 
ImperrioQS  concrete^  SoToral  structures,  snch 
as  reinforced  dams,  stnndpipes  and  tankn  have 
been  successfully  built  with  the  concrete  mixed 
In  the  ordinary  maanor  In  proportions  about 
1:2:4  or  1:2:3,  wUhotit  special  care  other 
than  to  secure  a  wet  consistency.  Tests  not 
here  given  show  that  ordlnarr  sands  in  mortar 
In  proportions  1:2*4  or  richer  are  Impervious. 
Also,  so-called  sand  or  silica  cements  make  a 
somowhat  tighter  mortar  than  Portland  ce* 
ments. 

By  scientifically  grading  the  aggregate,  Mr. 
Wm.  B.  Fuller  has  sueeesofullr  built  tanks 

with  thin  walls,  of  proportions  about  1:3:7. 
Whether  it  is  cheaper  to  use  the  larger  Quan- 
tity of  cement  or  to  grade  the  aggregate  de- 
pends upon  the  relative  local  prires  of  cement 
and  of  aggregate,  and  the  size  of  the  work. 
These  are  the  proved  methods  that  are  free 
from  doubt  as  to  euduriuK  efllcicncy 
Strength,  and  are  of  reasonable  costs. 


«f  Camut  ViSn,  Bullslo.  Jml  ao-ZS,  UQB. 


It  should  be  remembered  that  troweling  on 
a  plaster  coat  of  mortar  or  washing  with  thin 
f^rout  are  but  modifications  of  use  of  rleh  pro- 
portions of  Portland  cement. 

The  use  of  finer  sand  than  is  usually  ac- 
cepted for  ordinary  concrete  work  may  prove 
to  be  of  special  value.  Its  advantage.  If  suo- 
oessful,  will  consist  simply  In  Cheapening  the 

process  of  grading  ordinary  materials  to  aS 
ideal  analysis.  Its  effects  on  reducing  strengUi 
Is  well  known,  and  Its  use  will  In  some  eases 
be  limited  by  strength  requirements. 

Puzzolan  and  sand  cements  are  superior  to 
Portlands  in  securing  Impermeability,  but  they 

are  .somewhat  Inferior  In  strength.  Colloidal 

clay  as  a  substitute  for  five  per  cent,  and  ten 
per  cent,  of  the  sand,  or  the  substitution  of 
one  per  cent,  or  two  and  a  half  per  rent,  so- 
lutions of  alum  sulphate,  or  possibly  other 
electrolytes  for  the  mixing  water,  may  prove 
cheap  and  effeethe  iiroicsses.  Tlie  \vrittr 
holds  aloof  from  stronger  recommendations  at 
this  time  because  of  the  limited  range  of  the 
experiments,  and  the  undetermined  effect  on 
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permuenee  of  «tNngth.   Suoeewfnl  appllcsr 

tlon  of  the  clay  process  would  require  ppeclal 
appliances  for  drying,  puiverlzlns  and  mbiing. 

Tho  dogreo  of  ImperTlottsnoM  wtaldi  nay 
be  expected  from  methods  abovo  described  la 
sucli  aa  to  meet  ordinary  conditions,  as  tbe 
dmnand  for  drr  iMaements,  roofa  and  walU. 
and  the  storage  of  water  or  Its  conveyance 
under  moderate  heads  without  objectionable 
Ion  or  remiltlnff  damas«  from  Its  escape. 

Two  questions  of  great  Importance,  the  so- 
lution of  which  are  being  sought,  are  whether 
a  greater  degree  of  protection  for  reinf ore- 
lag  steel  than  can  now  be  secured  is  neces- 
aarjr,  and  whether  it  is  practicable  to  construct 
in  reinforced  concrete  to  resist  hydrostatlo 
heads  of  lOO  to  300  feet,  such  as  is  demanded 
for  great  dams  and  pressure  conduits. 

One  of  the  results  of  Investigations  at  the 
laboratory  of  the  Board  of  Water  Supply  of 
the  City  of  New  York,  of  which  the  writer  has 
charge,  has  been  to  confirm  the  often  ob- 
■erred  phenomenon  of.  increasing  impervlona- 
ness  with  time,  commonly  called  the  result  of 
the  "silting  up"  of  the  concrete.    The  action 


haa  not  heen  tuVj  eiplalned,  but  whether  It 

is  physical  or  chemical,  or  whether  It  has 
some  analogy  to  the  schmuta-decke  of  the  fine 
saad-lllter,  he  who  wonld  eonBtroet  f mperrloiin 
concrete  may  count  upon  Its  coming  to  his  alA 
at  least  under  conditions  of  moderate  head  of 
water  f  n  continued  contact 

One  set  of  experiments  with  mixtures  as 
lean  as  1:4:14  intended  to  secure  the  maxi- 
mum possible  degree  of  permeability  to  .serve 
as  drainage  blocks  through  which  aeepac*  ot 
water  might  be  carried  away,  became  so  nearly 
ImperrloQS  in  twenty-four  hours  under  a  head 
of  twenty  inches  as  to  make  their  use  for  the 
purpose  Intended  doubtful.  This  was  with 
the  flow  perpendicular  to  the  bed  of  the  blocks. 
With  the  blocks  so  placed  that  the  flow  was 
parallel  to  the  bed,  the  flow  w4a  greatly  la- 
creased. 

The  difficulties  In  securing  perfect  woirk> 
manshlp  in  mixing  and  placing  the  concrete, 
and  avoiding  the  formation  ot  bedding  planes 
through  the  mass,  are  greater  than  are  those 
resulting  from  lack  of  knowledge  9t  what 
should  be  done. 


THE  ADVANTAGES  AND  DISADVANTAGES 
OF  SUPERHEATED  STEAM 


FROM  'THE  ENGINEER,"  LOU  DOS 


In  the  course  of  a  recent  discussion  of  this 
subject  before  the  Manchester  Association  of 
Bttglneera.  Mr.  MItihael  Ziongridge  referred 
first  to  the  two  chief  types  of  apparatus, 
namely,  those  which  are  independently  fired, 
and  those  placed  in  the  dowatafeee  of  boilers. 
He  said  much  dlfflcwlty  had  been  experienced 
in  keeping  stop  valves  and  their  glands  tight, 
bnt  that  had  been  remedied  by  the  use  of 
nickel  alloys  in  the  valves  and  seating^  and 
nickel  steel  for  the  spindles.  Corliss  valves 
conld  be  need  on  engines  with  heat  as  high  as 
500°  F.,  and  piston  and  double-beat  valves  for 
all  ordinary  temperatures.  Referring  to  the 
dUBenlty  caused  by  pistons  seising  owing  to 
defertlve  lubrication,  prusencL'  of  water,  or  dis- 
tortion of  the  cylinders  due  to  irregular  expan- 
sion, troubles  of  this  kind,  Mr.  Longrldge  said, 
could  be  reraedlt-'d  by  allowing  greater  clear- 
ance between  the  piston  and  cylinder  walls. 
With  regnrd  to  the  cost  of  superheating,  a 
calcnlatlon  made  showed  that  to  tfbtaln  200' 


of  superheat,  the  extra  heat  required  from  the 
fuel  was  about  8.9%.  To  get  a  steam  tempera- 
ture Of  600  to  600*  P.  with  a  svperheater  of 
reasonable  heating  surface  a  gas  temperature 
of  1,000  to  1,200'  was  necessary.  Another 
calculation  Showed  that  with  a  Lancaehlre 
boiler  working  at  150  lbs.  pressure,  945,000 
units  of  superheat  could  be  obtained  at  a  cost 
of  480,000  B.T.U.  per  hour,  or  6%  of  the  total 
heat  entering  the  boiler. 

With  regard  to  the  advantages  derived  from 
tills  uee  of  superheated  steam  with  redproeat- 
Ing  engines,  the  author  of  the  communication 
stated  that  by  getting  rid  of  the  moisture  In 
the  steam  by  superheating  the  surface  conden- 
sation was  reduced,  and  if  it  were  possible  to 
Iteep  the  steam  dry  throughout  the  whole 
stroke  and  Its  temperaftire  up  to  the  satnratloB 
teinpt  rature  the  action  of  the  metal  in  the  cyl- 
inder could  be  suppr^ed  entirely.  Mr.  Cong- 
Hdge,  however,  showed  by  dlagnuna  that  theg* 
temperatures  would  reqnfre  to  be  lo  high  that 
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mdi  B  priMednre  wu  imponlble  iiii1«ib  the  tall 

of  pressure  was  very  slight.  Quoting  from  the 
reports  of  trials  made  by  Frencb  boiler  losur- 
ftnee  ooiniHmlM  an  average  gain  ot  19%  oC 
steam  aud  1 1%  of  coal  was  effected  by  the  use 
of  superheated  steam  In  simple  engines  and  a 
aaTlng  of  i3%  In  steam  and  tl%  In  fael  tor 
compound  engines.  Mr.  Longrldge  said  It 
seemed  obrloas  that  there  was  a  distinct  sav- 
tng  effeeted  by  using  superheated  steam,  Irat 
a  reliable  formula  which  took  into  considera- 
tion all  the  many  conditions  that  should  enter 
into  the  calCQlation  did  not  ralst. 

Dr.  John  Nicolaon  stated  that,  as  a  result 
of  recent  experiments,  it  had  been  found  that 
a  relatlTel7  small  anoottt  ot  rapetteat.  by 
preventing  the  formation  and  deposition  ot 
moisture  in  the  steam,  will  therefore  cause  a 
considerable  rise  of  wall  temperature  with 
early  emt«lBu 

He  gave  a  roughly  correct  formula:  d  =  0.75t» 
for  the  relation  between  the  clearance-wall  tem- 
peratnre  6  and  the  aetnal  temperature  t  of 
the  siipf-rheated  steam  entering  the  cylinder, 
when  the  superheat  Is  considerable  or  great. 

This  relation  Is  not  only  of  sclentiflc  interest, 
but  also  of  grreat  prartical  Importance.  By 
Its  use  can  be  predicted  the  amount  ol  super- 
heat required  to  raise  the  wall  temperature  (ot 


the  dearance)  up  to  that  temperaure  which 

corresponds  to  the  saturation  pressure  of  the 
steam  admitted  to  the  cylinder.  ThoSi  if  steam 
of  SCO*  P.  sataratioB  temperature  Is  being 

worked  with  the  euperheated  steam  It  must, 
when  entering,  have  a  temperature  of  480°  F. 
to  raise  the  eover  up  to  360*.  At  no  Initial 
condensation  can  take  place  If  the  cylinder 
walls  are  hotter  than  the  saturation  tempera* 
tnre  corresponding  to  the  pressure,  we  eeo 
that  in  this  case  120"  F.  of  .  up'  rheat  will  suf- 
flce  altogether  to  prevent  initial  condensa- 
Uon. 

It  by  no  means  follows,  however,  that  an 
amount  of  superheat  sufficient  merely  to  raise 
the  clearBnee  wall  temperature  up  to  that  o6r» 
respciilini-:  to  saturation  will  eliminate  the 
whole  ot  the  "missing  quantity."  There  is 
still  the  effect  of  tralre  leakage  to  be  got  rid 
of.  A  small  amount  of  superheat  has  a  very 
marked  effect  in  reducing  the  amount  of  such 
leakage,  more  especially  with  slide  Tahres,  and 
this  irrespective  of  whether  the  cut-off  le  early 
or  late:  but  even  when  the  superheat  la  large 
enough  to  eliminate  cylinder  condensation  in 
the  manner  just  described,  there  still  remains 
in  many  cases  a  considerable  missing  quantity 
to  be  accounted  for.  This  remainder  can  only 
be  ascribed  to  leakage. 


FIRES  IN  MINES:  THEIR  EXTINGUISHMENT 

BY  SULPHUR  DIOXIDE* 

Br  WALTER  O.  SNELUNCt 


In  combating  mine  fires  the  use  ot  carbon 
dioxide  as  a  means  of  producing  an  atmoephettt 

in  which  combustion  cannot  be  sustained,  has 
been  many  times  suggested,  and  frequently 
tried,  generally  with  a  fair  degree  of  suoeess. 
The  cost  of  producing  carbon  dioxide  has  been, 
however,  a  decided  drawback,  and  the  danger 
Ot  producing  carbon  monoxide  by  the  reduction 
of  the  carbon  dioxide  by  heated  carbon,  and 
consequently  bringing  about  an  explosion,  has 
also  tended  to  prevent  this  method  from  being 
used. 

The  use  of  sulphur  dioxide  in  combating 
mine  flree  has  not,  I  believe,  tieen  preTionsly 
suggested  or  tried,  and  yet  the  method  pre> 


*ProtD  a  pa^icr  rend  before  Ute  ASWrfCSa  iBltltltte  sC 
lUalac  Eoclaeers,  Feb.  10.  1906. 
t^Milirss  OfeesilM  oC  On  Valtsd  atatis  qovwasMat. 


sents  such  decided  advautagea  over  the  use 
of  carbon  dioxide,  that  I  now  suggest  tho  adTle- 
ability  of  considering  it  as  a  cheap,  convenient 
and  safe  means  for  lighting  stubborn  mine 
flree,  and  I  herewith  present  some  statements 
to  show  the  advantages  which  this  mefhod 
would  possess. 

Coot,  Preparation,  Ste. — Sulphur  dtoadde  tt 
produced  by  the  simple*  burnln;?  of  brimstone 
on  a  gt&te  of  suitable  kind,  and  of  such  nature 
as  could  be  quickly  conatrneted,  even  by  Inex- 
perienced men.  One  ton  of  brimstone,  cost- 
ing 140  will  produce  25,000  cu.  ft.  ot  gas,  and 
allowing  for  all  sources  of  loss,  It  Is  probable 
that  sulphur  dioxide  can  be  produced  for  $2 
per  l.OoO  cu.  ft.  For  carbon  dioxide,  produced 
by  the  action  ot  sulphuric  add  on  limestone, 
the  best  estimate  I  have  been  able  to  figure  hi 
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about  14  per  91,006  ou.  ft.  or  twloe  u  costly 

as  the  sulphur  dioxide. 

,  Efficiency. — Sulphur  dioxide  is  more  efficient 
thati  carbon  dioxide  In  the  pnttlBS  out  of  Are. 

Neither  coal  nor  any  other  combustible  ma- 
terial can  possibly  burn  In  an  atmosphere  con- 
tatntns  any  eonslderablo  quantltr  of  sttlphur 
dioTirip  Sulphur  dloslde  Is  very  heavj*.  being 
almost  twice  as  heavy  as  carbon  dioxide  (1  cu. 
ft  wolgblag  81  «irara8»  while  1  cu.  ft  of  carbon 
dioxide  weighs  4G  prams)  and  consequently  the 
Bulpbur  dioxide  will  penetrate  Into  gob 
ptlea,  and  In  everjr  way  serve  as  an 
efficient  agent  in  finding  its  way  into  every 
part  ot  the  region  of  the  mine  into  which  it  is 
Introduced. 

Safety. — Xone  of  the  dangers  Incident  to  the 
use  of  carbon  dioxide  are  present  with  sulphur 
dioxide.   No  exploslTO  lower  oxides  are  pro- 


duced, or  can  be  produced  by  the  rednetloik  of 

sulphur  dioxide.  Still  more  Important,  the 
danger  always  present  when  using  carbon  diox- 
ide, of  men  getting  Into  tbe  gas  wfthout  luiow* 
Ing  of  Its  presence  and  suffocating,  is  absent 
when  sulphur  dioxide  is  used,  since  its  strong  • 
odor  glvee  Instant  waralss  when  but  a  amaU 
fraction  of  one  per  eent  of  the  sas  Is  pressnt 
in  the  air. 

Other  Advantages. — ^Any  leakage. of  carbon 

dIo?£lde  from  a  mine  can  only  with  great  diffi- 
culty be  detected.  Frequeatly,  in  places  where 
this  method  has  been  applied.  It  is  probable 
that  millions  of  cubic  feet  of  the  gas  have  es- 
caped through  unknown  fissures  in  the  rock. 
Any  leakage  of  sulphur  dioxide  would  Qutekly 
make  Itself  known,  and  the  openings  could  ac- 
cordingly be  doeed  before  more  than  a  small 
portion  of  the  gas  bad  escaped. 


CREOSOTING 

Br  DAVID 

Douglas  fir  varies  in  it.s  structural  condition 
of  fiber,  is  very  refractory  to  treatment,  and 
Is  Injured  by  high  tenperatnre  or  long  oon* 
tioued  steaming,  and  iu  treating  a  number  of 
pieces  there  will  be  considerable  difference  in 
penetration.  In  sawed  timber  much  of  this 
difference  is  due  to  the  mode  of  sawing.  The 
timber  has  a  hard  and  soft  side;  in  one  a  pen- 
etration of  perhaps  an  inch  is  obtained  and  in 
the  other  twice  as  much.  In  seasoned  fir  piling 
some  pieces  of  the  same  charge  will  show  2  ins. 
and  some  4  ins.  The  penetration  varies  also 
in  dlffereat  parts  of  the  same  pile. 

To  treat  seasoned  timber  without  steaming, 
the  cylinders  must  contain  steam  pipes  to  keep 
the  solution  hot  and  to  bring  the  wood  up  to 
the  same  temperature,  and  the  pressure  must 
be  gradual.  If  this  process  is  followed  the  im- 
pregnation will  be  as  thorough  as  If  the  wood 
were  steamed,  and  there  will  be  no  subsequent 
drip. 

The  method  In  the  case  of  seasoned  fir  la  to 
place  the  wood  in  a  scaled  retort  and  to  turn 
the  steam  into  the  coils,  the  creosote  being  in- 
troduced at  a  temperature  of  170*  F.  Time 

'From  R  paper  read  at  the  annual  mpellDX  of  the 
VBlt*d  StsCM  Wood  PrM«rv«f»'  AsaodaUoa  at  Kuum 
Cttr,  Mo.,  JSB  21-28. 
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DOUGLAS  FIR* 

ALLERTON 

\vn.s  allowed  for  the  exterior  of  the  wood  to 
become  of  equal  temperature  with  the  oil 
(about  an  hour),  the  temperature  during  the 
process  being  kept  at  17  5^  to  ISO'  F.  Pres- 
sure was  Started  very  gradually  to  allow  the 
Injected  oil  to  follow  the  expanded  and  heated 
ceils,  for  if  the  pressure  was  suddenly  raised 
the  contraction  of  the  outer  fiber  effectually 
stopped  the  absorption,  opposing,  aa  It  were, 
a  dead  wall.  I^y  gradually  increaaing  the  pres- 
sure the  oil  in  the  Rradually  expanding  cells 
was  forced  still  farther  iu  by  the  iacreased 
presanre  of  the  oil  behind.  In  this  way  a  pene- 
tration in  seasoned  fir  of  2  to  4  Ins.  in  piling, 
the  treatment  talcing  12  to  14  hours  was  ob- 
tained. 

Greon  fir  was  treated  by  the  "open  tank" 
method.  This  consisted  of  two  treatments. 
The  preliminary  treatment  waa  the  same  as 

iiKiitiorieil    for   seasoned   fir.   t-xcept  that  the 

water  in  the  wood  being  expanded  and  replaced 
by  the  heavier  ereosote,  and  rising  to  Ute  top 
of  the  retort  was  drawn  off  through  a  stand- 
pipe  connected  with  a  M-ia.  pipe  and  valve. 
After  1 2  hours'  pressure  the  oil  was  drawn  Off 
and  the  wood  and  retort  cooled  for  12  hours, 
when  the  process  waa  repeated,  another  grad> 

IMS 
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ual  pressure  being  maintained  for  12  hours. 
We  found  that  Injected  the  most  oil  In  tbe 
first  12  hours,  but  got  our  penelratlou  in  the 
second  12  hours.  The  average  penetration  was 
1  to  2  Ins.  This  prooess.  with  Interior  results 
and  consuming  ^5  6  hours,  Is  not  desirable  unless 
necessar}'.  Both  processes  require  the  super- 
Tlslott  of  an  expert  or  skilled  help,  for  if  tern* 
peratur*  Mid  pressure  are  not  properly  regu- 
lated the  result  will  not  be  satisfactory. 


4ii 

The  principle  involved  In  this  mode  of  treat- 
ment la  to  have  tlie  wood  wanned  to  as  near 

as  possible  the  temperature  of  the  fluid  to  be 
Injected.  It  is  apparent  that  the  attempt  to 
force  a  hot  solution  Into  «oId,  refractory  wood 
must  result  In  failure,  but  by  giving  the  wood 
time  to  expand  and  the  heat  time  to  penetrate 
toward  the  center  of  the  ttmher  It  ta  faunA 
that  tha  fluid  is  gradually  forced  In,  In  propoi^ 
tlon  as  the  Interior  heat  increaasa. 


RIVETING  VS.  WELDING 


It  has  been  estimated  In  the  case  of  a  72-ln. 
by  18-ft.  horlaontel  tubular  holler  built  to 
withstand  a  pressure  of  125  lbs,  per  sq.  In.  that 
the  total  cost  of  labor  and  material  used  in  the 
boiler  would  be  about  |56l,  of  which  80%  is 
the  cost  of  material,  and  20%  is  the  cost  of 
labor.  Of  this  amount,  the  cost  of  labor  on 
the  riveted  Jolnto  alono— that  l8»  of  laying  out 
the  riveted  holes,  punching,  rlvetlnp:,  etc.i — is 
about  19%  of  the  cost  of  labor,  and  of 
the  total  eoat  of  the  bolter.  The  additional 
material;  that  Is,  butt  straps  or  laps  and  riv- 
ets costs  about  5%  of  the  cost  of  material  and 
3.8%  of  the  total  cost  of  the  boiler.  Therefore, 
the  cost  of  the  riveted  joints  alone  is  about 
8%  of  the  total  cost  of  the  boiler.  This  Is  as- 
suming that  the  longitudinal  Joint  is  a  double 
riveted  butt  Joint  and  that  the  holes  are 
punched  and  all  rivets  driven  on  the  bull  ma- 
ehlna. 

The  only  possible  substitute  for  riveting 
seems  to  be  some  form  of  welding  in  which  the 
metal  itself  is  structurally  united  in  such  a 
manner  that  the  finished  product  forms  one 
homogeneous  piece  of  uniform  quality  and 
properties  throughout.  Furthermore,  in  ui- 
der  for  audi  a  system  to  be  of  any  practical 
nsp,  the  tensile  strength  of  the  weldofl  Joint 
must  be  as  great  or  greater  than  that  of  a 
rlvatad  Joint,  aad  tha  eost  of  doing  the  work, 
including  the  fixed  charges  on  the  apparatus, 
must  not  be  greater  than  the  cost  of  riveting; 
that  Is,  it  must  be  last  than  8%  or  10%  of  the 
total  cost  of  the  boiler. 


The  ordinary  method  of  welding  by  mechani- 
cal means,  such  as  hammering,  cannot  ha  naed 
In  welding  boiler  shells,  both  for  practical  rea- 
80UB  and  because  the  strength  of  a  weld  made 
in  this  manner  la  alwa^a  unoartala*  Thera 
has  recently  come  into  use,  however,  a  system 
known  as  autogenous  welding,  in  which  the 
metal  Itself  la  ralaed  to  a  temperature  sufll- 
cientiy  high  to  cause  It  to  be  Ita  own  jntrifn!^ 
material;  that  is,  the  parts  are  Joined  together 
by  the  fusion  of  their  own  substaaoe  withont 
mechanical  aid. 

A  recent  development  of  this  system  la  the 
use  of  the  oxyaoetylene  blowpipe,  and  thla 
secni.s  to  have  been  fairly  successful,  since  a 
very  high  temperature  (3.000"  F.)  can  be  ob- 
tained with  It,  so  that  even  thick  platea  can 
be  welded  rapidly  without  the  use  of  an  ez< 
cessive  amount  of  fuel.  Both  oxygen  and  acet- 
ylene can  be  produced  or  obtained  commer* 
dally  at  a  reasoaabiff  price,  and  the  apparatus 
reqnlrcd  is  not  verv  oomplicatcd,  the  blowpipe 
Itself  being  a  suiall  brass  instrument  weighing 

only  about  2  Iba.,  whldi  can  be  readily  haadlad 

by  an  inexperienced  workman. 

At  present,  the  use  of  autogenous  welding 
will  probably  be  confined  to  repair  work,  for 
which  It  seems  particularly  well  adapted  on 
account  of  its  portability.  It  certainly  will  not 
be  uaed  for  welding  the  seama  of  large  boilers 
or  presstire  tanks  until  It  Is  absolutely  known 
that  a  reliable  weld  can  be  made  which 
wilt  be  at  least  86%  as  strong  as  the  metal 
Itself.  t  ..iJ 


AVBXL,  1908. 


Digitized  by  Google 


Cliemical  Sterilization  of  Drinking  Wator. — 
Mesars.  Palerno  and  ClDOgolftni,  the  Inventors 
of  "tachyol,"  (fluoride  ot  Bflver).  an  anti- 
septic emphiyetl  in  surgery,  have  found  ftiat 
a  solution  of  1  part  In  500, ooo  of  water  will 
destroy  all  germs,  iQCluding  B.  aubtllis,  its 
germicidal  effect  being  mvdi  greater  than  that 
of  chlorine,  bromine  or  oaone. 

Int<>rnM.ioniil  Atomic  WelKht8. — The  inter- 
national committee  on  atomic  weights  has  re- 
cently aanounoed  the  changes  in  the  Uat  of 
•lementa  for  1908.  Theia  are,  with  one  ex- 
ception, practically  the  same  as  those  an- 
nounced for  1907.  The  only  notable  change 
is  the  addition  of  a  new  element,  Dysprosium, 
whose  atomic  weight  Is  givea  as  162.6,  to  the 
Hat.   

A  Hovel  nre-Deteetliiff  Device  consists  of  a 

flue  copper  v.  '.i  ,   I  ore,  eiicnsod  in  fusible  iiictnl, 

which,  in  turn,  is  covered  with  insulating  ma- 
terial, the  whole  twlBg  ooBtalned  in  a  copper 

tube,  about  1-10  in.  tn  diameter.  This  wire 
is  strung  the  same  as  ordinary  bell  wire,  or 
nsed  In  short  sections  attached  to  terminals 
and  mounted  on  porcelain  blocks  in  the  form  of 
a  thorniostat.  When  the  temperature  rises  to 
the  point  at  which  the  wire  is  designed  to  ope- 
nie.  160.  300  or  S70  degrees  F.,  the  hwtble 
alloy  softeni?  and  expands  through  the  meshes 
of  the  insulation  against  the  inner  surface  of 
the  copper  tube,  thus  forming  a  positive  and 
permanent  contact  between  the  Tatter  and  the 
core  wire,  and  causing  the  alarm  bells  to  con- 
tinue ringing  vntll  either  the  batterr  Is  ex* 
hausted  or  th»  circuit  is  lateationally  broken. 


parts  of  finely-ground  asbestos.  The  mlztnre 
is  then  submitted  to  very  great  pressure,  and 
Is  dried  at  a  low  temperature  to  expel  the 
whole  of  the  solvent 


A  New  fnsnlUng  Material,  which  Is  claimed 

to  have  a  liiph  specific  resistance  approaching 
that  of  gutta-percha  and  porcelain,  has  been 
recently  patented  by  Herr  Huller,  a  German 
inventor.  The  Buhstance  is  almost  incomlmst- 
Ible,  as  it  will  even  stand  exposure  for  a  short 
time  to  the  electric  are  without  bamlng.  Its 
compo.iltiou  Is  as  follows:  100  parts  of  min- 
eral pitch  are  dissolved  in  20  parts  of  a  vola- 
tile Mlvent  (e.  g.,  benzine),  and  from  25  to 
76  ^rts  of  this  solution  are  added  to  100 

4X2  APJUU 


the  Effect  of  Alum  and  CInjr  in  the  Water- 
proofing of  Concrete. — Portland  cement  liber- 
ates on  the  addition  of  water,  free  lime, 
which,  uniting  wttt  water,  forms  a  hydrate. 
Ordinary  alum  being  sulphate  of  potash  and 
aluminum,  the  reaction  between  the  lime  and 
alum  results  in  the  precipitation  of  aluminutn 
hydrate,  which  forms  as  a  colloid  or  gelatin- 
ous precipitate  and  tends  to  decrease  permeabtl- 
Ity  by  decreasing  the  voids.  Plastic  clays  are 
formed  by  the  decomposition  of  rocks  such  as 
feldspar  (a  slHrate  of  aUimlnum,  sodium  and 
postassium),  and  the&e  iillicaitis  possess  a  uie- 
Chanical  ability  in  closing  the  voids  in  con- 
crete. ReKardlng  the  probable  effect  of  the 
addition  of  alum  and  clay  it  is  known  to  some 
engineers  that  the  presence  of  sulphates  and 
alumina  in  cement  is  not  desirable  above  cer- 
tain limitations,  owing  to  their  accelerating 
action  on  the  set,  loss  In  ultimate  strength, 
possible  expansion  of  the  sulphates  when  nsed 
in  water,  and  their  disintegrating  effect  in  sea- 
water. — 8.  A.  Brown  in  Engineering  News. 

Cnnnl-Bont  Hanlnge.  For  ranal  honts,  Riich 
as  are  used  on  the  Lehigh  and  Delaware  canals, 
the  effective  tow-rope  pull  (In  pounds)  re- 
qufred  for  any  number  of  loaded  boats  Is  ex- 
pressed approximately  by  the  formula  O.iSVT, 
and  for  empty  boats  by  0.€7V*T,  when  V  Is  th« 
speed  In  miles  per  hour  and  T  the  total  weight 
in  tons  of  2,000  lbs.  The  boats  used  on  these 
canals  are  87  H  tt.  In  length,  10  ft.  5  ins.  wide, 
and  have  a  draft  (loaded)  of  5  ft.  2  Ins.; 
weight,  empty,  23. S  tons;  loaded,  137  tons. 
The  ratio  of  immersed  cross-section  of  n 
loaded  boat  to  the  canal  section  Is  about  1 
to  8.  Speed,  as  fixed  by  conditions  ot  steer- 
ing: single  boats,  up  to  6  mi./hr.;  two-boat 
tows,  3.5-4  mi./hr.:  four-boat  tows,  up  to  :i 
mi./hr.,  except  on  sharp  corvee.  The  energy 
required  in  watt-houra  per  ton-tBlls  at  the 
trolleys  of  the  mining  looolnotlves  or  traetora 
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used  (or  towlog,  is  approximately  12  (or  (our- 
bcmt  towB,  1<  for  two-boat  towi,  and  ti  for 
Binglf  boats. — From  data  in  a  painT  entitled 
"Notes  on  Electric  Haulage  of  Canal  Boats," 
by  L.  B.  StUIwell  and  H.  fl.  Putnam,  read  b«- 
fora  tbe  A.  I.  B.  B.,  Ifar.  13,  194S. 


The  Use  of  tiljrcerine  iu  it«diiiton<— A  reli> 
able  antl-freeztng  mfxtnre  for  use  In  radlatora 

Ib  a  20ri  golution  of  xlycerliie  in  water.  This 
freesea  at  17*  F.  For  very  «oId  climates  a 
80%  aoliitlon  whldi  ftvezes  at  10"  F.,  may  be 
used  but  for  ordinary  purposes  the  20'/f  solu- 
tion will  prove  very  satisfactory.  Crude  gly- 
cerine shou-Id  not  be  used,  as  it  contains  about 
IWc  of  sodium  salts,  which  may  cause  a  de- 
posit on  the  tubes  of  the  radiator.  What  is 
known  commercially  as  "pale  distilled"  glyeer- 
Ina  may  be  uaed.  Thta  contalna  only  0.1%  of 
salt,  a  qriantUy  so  small  as  to  preclude  the 
incrustation  of  the  tubes.  Tbe  glycerine  is 
not  aSeeted  by  a  temperature  of  210*  V.  and 
needs  rfplacement  only  at  very  long  Intervals. 
Tbe  glycerine  and  water  should  be  mixed  be- 
fore being  put  Into  the  radiator  or  tbe  glyeer- 
ine  may  be  poured  In  after  thp  water  while 
the  engine  is  running.  Under  no  clrcum- 
ataneea  abonld  the  glycerine  be  poured  In  be* 
fore  thp  water  as  It  has  a  mttch  higher  spe- 
clflc  gravity  than  the  water  and  will,  conse- 
quently.'when  circulation  begtnSt  lodge  In  the 
water  Jackots,  restrict  the  freo  circulation  of 
tbe  water  and  c^use  possible  serious  overbeat- 
Ing.'— Condenaed  from  "The  Comiuereial 
Motor." 


Livc-SU'am  Feed-Water  Heating. — Many 
testa  which  have  been  made  appear  to  ahow 

that  some  economy  results  from  the  use  of 
live  steam  In  feed-water  beating,  but  it  is 
dlflenlt  to  aee  how  any  aavlng  can  be  effected 
by  taking  live  steam  from  a  boiler  and  imme- 
diately returning  it  thereto  when  mixed  with 
feed-water.  There  are  indirect  advantagea  In 
this  method,  but  they  consist  for  the  moBt 
part  Ifi  greater  uniformity  of  working,  tbe 
avoidance  of  atralnlng.  and  In  the  coaiieaneat 
saving  of  wear  and  tear  on  tbe  boilers.  An 
exhaustive  test  was  recently  made  by  Prof. 
John  Goodman  and  Mr.  B.  R.  MacLaehlan  on  a 
14-ft.  return  tubular  boiler,  5G  Ins.  in  diam- 
eter, having  60  3-in.  tubes  and  two  6-(t.  fur- 
naoea  each  SO  Inc.  In  diameter.  This  boiler 
was  tested  for  12  hours  at  an  ontput  of  5,000 
lbs.  of  steam  per  hour,  both  with  and  without 
the  llve-ateam  heater.  The  reaulta  of  the  two 


tests,  as  given  in  a  paper  read  before  tbe  In- 
Btltutlon  of  Mechanical  Engineers,  show  that 
the  boiler  evaporated  almost  exactly  the  same 
quantity  of  water  per  pound  of  coal  both  when 
tbe  beater  was  In  use  and  when  not  in  use. 
The  only  advantage  discernible  from  the  USO 
of  the  heater  was  that  the  deposit  in  the  boiler 
was  materially  less  when  tbe  heater  was  used 
than  when  tbe  feed  water  paaaed  direct  to  the 
boUer. 


Moiatnre  and  the  BtmmOt  of  Wood. — ^The 

United  States  Forest  Service  made  .tonic  time 
ago  a  thorough  study  of  this  question.  The 
reaults  of  Its  InTestlgations  are  Interesting  and 
Instructive.  It  ha.s  been  found  that  the  rela- 
tion of  moisture  to  strength  follows  a  definite 
law.  The  atrength  of  all  kinds  of  wood  In- 
creases rapidly  with  proper  drying,  the  amount 
of  increase  depending  on  the  species  and  the 
degree  of  dryness.  Thns  the  atrength  of  a 
piece  of  unseasoned  red  spruce  may  be  in- 
creased over  400%  by  a  thorough  drying  at  tbe 
temperature  of  boiling  water.  But  tbe 
strength  decreases  again  as  the  wood  reab- 
Borba  moisture.  Air-dried  wood  protected 
from  the  weather,  and  containing  12%  of 
moisture  la,  according  to  apeeles.  1.7  to  2.4 
times  stronger  than  when  green.  Drying  also 
increases  tbe  sUftnras  of  wood.  These  con- 
dnriona  have  been  drawn  from  pieces  of  small 
cross-section,  not  exceeding  4  ins.  by  4  Ins. 
Large  timber  requires  years  of  drying  before 
the  motature  la  reduced  to  the  point  at  which 
the  strength  begins  to  Increase.  It  has  been 
fonnd  that,  under  normal  conditions,  wood 
liber  will  absorb  a  definite  amount  of  molstp 
ure.  Additional  water  only  fills  tbe  pores. 
It  has  also  been  found  that  tbe  water  which 
simply  fills  the  pores  has  no  effect  on  the 
strength.  The  fiber  saturation  points  are: 
For  longleaf  pine.  25;  red  spruce,  31;  cbesi- 
nut,  25;  red  gum,  2B;  red  fir,  St;  white  ash, 
20.5;  Norway  pine,  30^,  estimated  on  the  dry 
weight  of  tbe  wood.  Timber  that  has  been 
dried  and  resoaked  is  slightly  weaker  than 
when  green. — "Bnglneerintp  Times." 


A  New  Lubricant  TCatiiiff-Machlne. — The 
Blake  conststs  of  a  vertical  abaft  driven  by  a 

pulley  and  belt,  with  a  conical  cup  on  its  up- 
per end.  Into  the  cup  is  accurately  fitted  a 
metal  cone,  on  tbe  top  of  which  is  a  vertical 
spindle;  to  this  are  fitted  two  horizontal  arms, 
with  vanes  attached  to  give  air  resistance.  A 
revotutlon-coanter  is  connected  to  tbe  revolv- 
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ing  cup,  and  another  to  the  revolviug  cone  ia-. 
side  the  cup. 

Tlie  machine  works  as  follows:  A  small 
quaotity  of  the  oil  or  lubricant  to  be  tested  Is 
placed  tn  tb«  cup.  and  tke  Ioom  cone,  wlih  Its 
rrrtlcal  spindle  and  vanes,  is  placed  In  the 
cup;  the  cone  has  a  groove  in  its  side,  in 
which  a  mmU  qnanalty  ot  oil  may  remain. 
The  lower  spindle,  with  the  cup  attached.  Is 
then  made  to  revolve  quickly  for  several  hours, 
for  example:  and  as  the  enp  rerolvec  with  the 
cone  Inside  It,  the  friction  between  the  cup  and 
the  cone  causes  the  latter  to  revolve  also,  but 
at  a  slower  speed  than  the  cup.  on  account  of 
the  resistance  offered  by  the  vanes  beating  the 
atmosphere.  After  the  machine  has  been  run- 
ning for  a  stven  time  the  namher  of  revolu- 
tions made  by  the  cnp  and  those  made  by  the 
cone  are  noted,  and  a  record  made  of  them. 
Then  a  second  oil  or  luMcant  Is  put  In.  after 
first  removIuK  completely  all  traces  of  the  one 
previously  tested,  and  a  note  made  of  the  revo- 
lutions made  respectively  by  the  cup  and  cone 
during  the  same  period  of  time  as  the  first 
test.  If  the  number  of  revolutions  made  by 
the  cone  he  lees  with  the  second  olt  or  lubrt- 
rant  than  with  the  first,  it  naturally  follows 
that  the  friction  between  the  cup  and  the  cone 
has  been  lees,  and  therefore  that  the  second 
oil  or  lubricant  is  the  better.  Many  oils  can 
be  compared  in  this  way,  and  their  lubrlcatins 
value  written  down  in  the  exact  order  ot  merit 
For  testing  "heavy"  oils  a  lever  and  weight 
are  used  for  giving  the  requisite  pressure  be- 
tween the  cone  and  the  cup. — "Engineering." 


Vanadium  in  Cast  Iron. — By  the  use  of  va- 
nadium in  steel  the  elastic  limit  is  increased 
without  an  impairment  of  the  ductility  of  the 
steel — that  is,  an  exceedingly  strong  stet-l  is 
obtained,  with  its  softness  still  remaining, 
rnnpled  with  the^se  most  valuable  properties  is 
another,  and  that  is  the  extreme  resistance  to 
deterioration  when  the  metal  Is  sobjected  to 
severe  and  continued  strains  tn  service.  Van- 


adium steel  is  noutaiiguiug,  and,  therefore,  an 
ideal  railroad  and  rolling  mill  metal.  It  ts 
but  natural  that  attention  should  be  drawn  to 
the  use  of  vanadium  in  the  foundry.  The  very 
first  easting  which  might  be  benefited  is  the 
car  wheel.  Next  would  come  the  various  kinds 
of  rolls,  then  alkali  pots,  pump  parts,  etc — 
wherever  strains  are  heavy  and  oft-repeated, 
either  direct  tension  and  compression  alter- 
nately and  in  cases  where  castings  are  sub- 
Jeeted  to  Shock  or  great  variations  In  tempera>- 
tiire.  In  order  to  learn  something  of  the  ef- 
fects of  vanadium  on  cast  iron  a  serira  of 
tests  was  recently  conducted  by  Dr.  Riehard 
Moldenke,  using  melted  scrapped  car  wheels 
for  wliite  iron  and  a  good  machinery  pig  Iron 
for  a  variety  of  gray  Iron.  A  ferrovanadlnm 
alloy  (powdered)  carrying  high  carbon  wag 
selected  because  it  melted  at  a  lower  tempera- 
ture and  would  also  be  cheaper  for  the  foidi- 
dryman.  Inasmuch  as  vanadium,  besides  be- 
ing a  great  strengthener,  is  also  a  powerful 
deoxidising  agent,  and  the  Increase  In  strength 
obtained  by  its  nse  mlt;ht  be  attrlijuted  to  the 
purification  of  the  Iron  only,  80  per  cent,  fer- 
romanganese  was  added  In  sufllelent  quantity 
to  add  0.5  per  cent,  of  manganese,  and  then 
the  ferrovanadium.  The  tests  seem  to  con- 
firm the  belief  that  the  addition  to  the  strength 
of  the  metal  is  a  well  founded  one.  The  van- 
adium alloy  used  contained  vanadium, 
14.67%;  carbon.  6.38^.  and  silicon,  0.18%. 
The  results  obtained  show  an  increase  In  the 
breaking  strength  of  a  standard  1^-in.  round 
test  bar  from  2.000  lbs.  to  2,600  lbs.  for  gray 
machinery  iron  containing  0.59<;r  Mn  and 
0.25%  V;  and  from  1,600  lbs.  up  to  3,900  lbs. 
for  white  iron  (remelted  car  wheels)  contain- 
ing 0.54%  Mn  and  0.22rr  V.  They  are  suffi- 
cient to  warrant  further  Investigation  on  the 
part  of  every  foundrymnn  who  has  special 
iirolilLins  In  strength  to  master,  and  Dr.  Mol* 
denke  has  therefore  made  public  his  prelim- 
inary investigations.  Instead  of  witbhoidlng 
them  until  further  contemplated  tests  are  com- 
pleted. 
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ANALTSIS    OF    ELASTIC  ARCHB8.—TWO- 

HliiRcd,  Three-Hinged  aad  Hingelen,  of 
Steel,  Masonry  and  Concrete.  By  Joseph 
W.  Balct,  C.  E.  New  York:  The  Engi- 
neering News  Publishing  Co.  Cloth;  6  x 
9  Ins.;  pp.  :{20;  with  184  diagrams  (in- 
cluding 6  folding  plates)  and  19  tables. 
IS,  net. 

Reviewed  by  FRANK  P.  HoKIBBEN.* 
Designing  engineers  peruse  with  interest 
mj  new  book  that  deals  with  the  analysts  and 
destgn  of  arelies.  A  few  attempts  have  been 
mede  to  place  the  design  of  these  structures 
on  a  practical  working  basis,  but  as  yet  no 
book  bM  fulfilled  the  reQvlrements.  This 
work  of  Mr.  Balet  is  in  Bome  respects  a  step 
In  advance  of  anything  yet  attempted  in  Eng- 
gllib.  The  author  not  only  presents  an  ex- 
tended discussion  of  the  theory  Involved,  but 
be  alao  devotes  considerable  attention  to  the 
application  of  tbe  theorr  to  the  deeign  of  the 
structure.  The  work  exhibits  an  exceptional 
knowledge  of  mathematics  and  mediauics  on 
the  part  ot  tbe  author. 

Hingeless  ardieSt  and  arches  with  two  and 
alio  with  three  binges,  are  treated  principally 
by  grapbleal  metbode.  Tbe  reaetlona  due  to 
the  loads  on  the  structure  are  studied  by 
of  "intersection  loci"   and  "tangent 


eurvea."   "Interaeetlon  led"  are  what  others 

have  called  "reaction  loci"  or  "position  lines." 

Chapter  L  is  devoted  principally  to  deflni- 
Hons.  lb  Chapter  II.  three-blnged  ansbes.  with 
braced  as  well  as  solid  ribs,  are  treated  at 
some  length.  Tbe  three-blnged  arch  is  static- 
ally determined  as  regards  the  outer  forces, 
and  therefore  can  be  treated  without  the  aid 
of  tbe  theory  of  elasticity.  In  a  treatise  on 
elastic  arches,  however,  tbe  analysis  ot  tbe 
three-hinged  arch  is  not  out  of  pi-^'^f'.  If  for  no 
other  reason  than  that  of  completenesa.  A 
little  attention  is  given  In  Chapter  II.  to  the 
three-hlnt;cd  nrch  rib  ot  masonry,  concrete  or 
reinforced  concrete. 

The  greater  part  of  tbe  book,  covered  by 
Qinpteri  III.  and  IV..  is  devoted  to  the  study 
of  the  two-hinged  and  the  hingeless  arches. 


•Vrataj^^ot  CItU  BoslnMrlng.  Leblsh  Unlvcnlty. 


It  Is  In  these  two  chapters  that  the  most  valu- 
able part  of  the  work  llee.  The  stresses  in 
tbe  two-hinged  arch  are  analysed  with  the  aid. 
of  the  "intersection  loci,"  and  those  ot  tile 
hingeless  arch  by  the  "inlerseetlon  loot'*  and 
the  "tangent  curvee." 

Chapter  V.  Is  devoted  to  the  distribution  of 
stresses  In  arch  and  other  sections,  to  formulas 
for  mansory  and  reinforced  concrete  columns, 
to  bending  moments  and  shears  In  beams,  and 
to  flexural  stresses  In  reinforced  concrete 
beams.  In  the  latter  case,  the  compression  In 
the  concrete  above  the  neutral  axis  of  tbe 
cross-section  of  the  beam  Is  assumed  to  vary 
In  accordance  with  the  parabolic  curve.  On 
page  205  the  maximum  allowable  com- 
pressive stress  In  concrete  is  given  as  400 
pounds  per  square  Inch,  and  the  shearing 
stress  not  greater  than  50  pounds  per  square 
Inch.  In  short,  plain  eonerete  columns  In 
which  the  unit  fstrpps  Is  400  pounds,  the  shear- 
ing stress  will  be  much  greater  than  tbe  sped- 
fled  allowance  of  60  pounds  per  square  Inch. 
Concrete  In  shear  can  safely  carry  considerably 
more  than  50  pounds  per  square  inch.  The 
allowance  given  Is  the  one  usually  spedlled 
where  It  Is  intended  to  take  account  of  tension 
on  the  diagonal  lines  in  beams. 

In  Chapter  VI.,  under  the  title  "Stresses 
Caused  by  Lateral  Wind  Pressure,"  four  pages 
are  devoted  to  this  subject.  The  remainder 
ot  tbe  diapter,  twenty-olz  pages.  Is  devotsd  to 
the  discussion  of  loads  on  arches,  dotermlna* 
tion  of  tbe  type  of  arch,  comparison  of  stresses 
and  delleetlons  In  tbe  three  tsrpes  ot  arches, 
dimensions  of  existing  arches,  etc.  The  mathe- 
matical work  necessary  to  deduce  the  various 
formulas  Is  principally  set  forth  In  an  appendix 
of  seventy-two  pages. 

Tbe  book  is  difficult  to  read,  due  partly  to 
the  arrangement  of  the  subject  matter.  Ref- 
erences to  snlisequent  chapters  should  bo 
avoided  as  much  as  possible  in  any  work.  In 
arranging  a  book  dealing  with  a  subject  as 
complicated  as  the  an.Tlysis  of  the  cl.n.stic  arch, 
one  should  take  great  pains  to  have  the  sub- 
ject matter  logically  and  clearly  set  forth, 
and  to  have  the  diagrams  so  well  made  that 
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the  reader  can  Mwlly  follow  tbom.   With  the 

book  In  question,  many  of  thp  diagrams  are 
not  clear.  The  work  shows  a  keen  insight  inCo 
tbe  mathomatles  and  the  tlteoiy  of  the  nreh, 
and  the  engineer  who  Is  well-vprsed  In  rnathe* 
matlcB  and  mechanics  will  derive  benefit  from 
stadylBg  the  book,  but  the  beginner  will  find 
dUncultjr  in  following  the  subject  aa  here  let 
forth. 


THE  METALLURGY  OF  IRON  AND  STEEL. 
— By  Bradley  Stoughton.  Ph.  B.,  B.  S.. 
Adjunct  ProfeiBor,  School  of  Mines,  Co- 
lumbia  UnlTenritjr.     New    York:  Hill 
Publishing  Co.    Cloth;  6x9%  Int.;  jf0. 
509:  319  illnstrations  in  the  text  and  33 
tables.    J3,  net. 
This  new  work  of  Prof.  Stoughton  is  de- 
signed both  as  a  text-book  for  oolleges  and  as 
a  reference  work  for  all  who  are  engaged  or 
interested  In  the  manufacture  of  iron  and 
steel.    It  Is  altogether  a  most  complete  anil 
Talnable  work,  as  it  gives  the  best  methods  of 
production  and  in  addition  records  In  a  thor* 
ough  and  praetieal  manner  the  meet  reoent 
artvanoes  in  the  subjects  of  metalloRraphy,  cor- 
rosion and  the  new  alloys.    The  book  assumes 
on  the  part  of  the  readers  a  knowledge  of  the 
fundamental  principles  of  chemistry  and  phys- 
ics, but  for  those  who  have  not  had  training 
In  theae  subject*  or  whose  knowledge  of  theee 

sciences  has  become  Komewhaf  unreliable,  a 
chapter  Is  Inserted  covering  the  chemical  .and 
physical  principles  Involved  In  metallurgical 
operations.  The  section  on  chemiBtry  in  thia 
chapter  is  especially  well  written  and  mAny 
text-books  on  the  subject  could  be  Improved 
if  their  writers  were  to  nse  the  clear  and  direct 
methods  employed  by  Prof.  Stoughton.  The 
book  opens  with  a  chapter  on  Iron  and  carbon, 
defining  and  discussing  the  various  kinds  of 
iron  and  giving  a  bibliography  of  references 
to  works  and  periodicals  dealing  with  the  met- 
alliirgy  of  Iron  and  steel.  Chai>ter  II.  takes 
up  the  manufacture  of  pig  iron,  discusses  the 
principles  involved  and  describes  the  methods 
Ot  production.  Chapter  111.  is  devoted  to  an 
e.xposition  of  the  various  processes  employed 
for  the  puriflcation  of  pig  Iron  and  a  compari- 
son of  these  prucrnses  is  maili'.  la  the  fourth 
chapter  the  author  discusses  the  manufacture 
of  wrought  iron  and  crucible  steel,  and  In  the 
following  two  chapters  the  Bessemer  and  open- 
hearth  procosses.  Chapter  Vil.  Ukes  up  the 
subject  of  defects  in  ingots  and  other  Castings 
and  lu  ChajUer  VII i.  the  methods  employed  in 
the  nn  ■  tuinlcal  treatment  of  steel  are  consid- 
ered in  detail.  Chapter  IX.  deais  with  Iron 
and  steel  founding,  the  making  of  molds,  the 


deaiga  of  patterns.  enp<ria  practice,  the  melting 

of  Bteel  for  casting's,  etc.  The  succeeding  three 
chapters  are  devoted  to  the  discussion  of  the 
solution  theory  of  Iron  and  steel,  and  the  con- 
stitution of  steel  and  cast  Iron.  Chapter  XIV. 
takes  up  the  heat  treatment  of  steel,  dlscuSUng 
Improper  hoatlng.  methods  of  hardening  and 
the  constitution  of  hardened  and  tempered 
steels.  The  alloy  steels  form  the  subject  of 
Chapter  XV.,  the  alloys  with  nickel,  man- 
ganese, chromium,  silicon,  vanadium  and  ti- 
tanium being  treated  of.  as  well  as  self-hard- 
ening and  blgh-apeed  tool  steels.  In  Chapter 
XVI.  the  author  gives  the  most  recent  theories 
regarding  the  corrosion  of  ateel  and  describes 
the  beat  preservative  ooatlngi  and  their  action. 
Chapter  XVir.  deals  with  the  electro-metal- 
lurgy of  iron  and  steel.  In  this  section  the 
various  electro-thermic  processes  and  furnaces 
for  the  manufacture  of  pig  Iron  and  steel  are 
described  and  compared,  and  electrolytic  meth- 
ods for  the  refining  of  Iron  are  given.  Chap> 
ter  XVIII.  takes  up  the  metallography  of  Iron 
and  steel,  giving  a  full  discusaion  of  the  va- 
rious sides  of  the  subject.  The  final  chapter 
is  that  previously  mentioned  as  giving  a  re- 
view of  the  principles  of  chemistry  and  physics 
necessary  to  nndertake  the  study  of  metal- 
lurgy. An  excellent  feature  of  the  book  is 
that  at  the  end  of  each  chapter  full  referencea 
to  the  bibliography  of  the  subject  dealt  with 
in  that  particular  section  are  given.  Prof. 
Stoughton's  work  will  undoubtedly  find  a  wlda 
sale  among  metallurgists  and  students  on  m- 
count  of  the  thorough  manner  and  clear  style 
lu  which  he  has  treated  the  subject. 


PRACTICAL  STKAM  AND  HOT  \V.\TER 
HEATING  A.M)  VENTir..\TION. — By  Al- 
fred G.  King.  New  York:  The  Norman  W. 
lienley  Publishing  Co.  Cloth;  6Vi  x 
Ins.;  pp.  40S;  303  lllustratlona  In  thfi 
text.  $3. 

This  work  is  one  of  the  most  complete  and 
exhaustive  yet  published  on  this  branch  of 

domestic  engineering.  Heating  contractors, 
architects  and  builders,  as  well  as  steam  fitters 
ond  plumbers,  will  find  It  an  excellent  preeenta-i 
tinn  of  the  most  up-to-date  practice  In  the  do- 
sign  of  heating  and  ventilating  systems.  Af- 
ter an  introductory  chapter  the  author  taken 
up  heat.  Us  nature,  measnrcment  and  trans- 
misaiou.  Chapter  HI.  is  devoted  to  the  evolu- 
tion of  heating  apparatus  and  Chapter  IV. 
tlf.Hs  with  boiler  surfaces  and  fittings.  The 
construction  ot  tbe  chimney  flue  is  next  con- 
sidered. This  Is  followed  by  a  chapter  on 
pipes  and  fittings  and  one  on  air  valves.  Tha 
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geueral  subject  of  ladialiou  is  theu  takea  up, 
the  forms  of  radiating  surfaces  described,  the 
proper  location  of  radiators  dlsc'i'j«^'<1  aud 
rules  for  estlmatiug  radialluu  fur  steam  and 
hot  water  given.  The  next  two  chapter*  gtvtt 
the  essenUal  feattires  of  steam-lieatiiig  appa- 
ratus, the  subject  of  exliuuHt-steaai  iieating 
helnc  flTen  «  full  treatment.  Hot-water  heat- 
ing and  apparatus  is  then  dlsctiBsed  and  va- 
rious systems  are  described.  Miscellaneous 
heattnc  U  next  considered  and  the  ▼acnuin  va- 
por and  vacuum  exhaust  systems  are  discussed. 
The  author  then  t&kcs  up  the  question  of  ra- 
diator and  pipe  connections,  and  this  Is  fol- 
lowed by  a  thorough  though  rr^th^r  brlpf  treat- 
ment of  the  subject  of  veaiUation.  The  re- 
maining chapters  in  the  book  take  up  the  duea- 
tlons  of  steam  appllanff-s  in  general,  central- 
station  heating,  pipe  and  boiler  coverings,  tem- 
peratnre  regulation  and  heat  control,  husi- 
noss  morhodsj  contracts,  speelllcatlonat  and 
otticr  miscellaneous  details. 


A  TEXT-BOOK  OF  ELBCTRO^HBMIBTRT.^ 

By  Max  Le  Blanc,  Professor  In  the  Uni- 
versity of  Leipzig.    Translated  from  the 

Fourth  Enlarged  German  Edition,  by  Wil- 
li!! R.  Whitney,  Ph.  D.,  Director  o£  the  Re- 
search Laboratory  of  the  General  Electric 
Company,  and  John  W.  Brown,  Ph.  D., 
Director  of  the  llesearch  and  Battery  Lab- 
oratory of  the  National  Carbon  Company. 
New  York:  The  Macmlllan  Company, 
1907.    Cloth;  pp.  xlv     338;  9x6  ins. 

Electro-chemistry  is  not  a  very  young  sci- 
ence. Volta  devised  his  crown  of  cupa  lu  1800. 
Following  at  vartooa  Intervals  of  time  came 
Davy's  great  discovery  of  the  alkali  metals, 
Faraday's  discovery  of  the  fundamental  law 
called  by  his  name,  the  development  of  the 
art  of  electroplating  metnls,  lllttnrf's  work  on 
the  migration  of  Ions,  and  KoLlraubch's  con- 
ductivity measurements.  A  number  of  other 
fundamental  facts  were  known  before  1887, 
wlien  Arrhcnlus  proposed  the  dissociation 
theory  of  solution,  but  there  was  no  one  theorjr 
to  bind  tlie  whole  Into  one  body  of  closely  cor- 
related facta.  Consequently,  previous  to  1887 
thla  branch  of  knowledge  advanced  but  very 
•lowly.  On  the  other  hand,  slncf  th^n  It  has 
grown  with  leaps  and  bounds,  and  numerous 
apparently  unrelated  facts  have  been  shown 
to  be  really  very  closely  related. 

To  write  a  book  which  shall  comprehensively 
yet  simply  deal  with  this  subject  is  a  dif- 
ficult task,  yet  In  the  book  before  us  Blanc 
has  placed  at  the  disposal  of  the  student  a 
model  of  completeneaa  and  (Aeamesa  of  state- 


ment. Without  doubt  this  is  the  one  best  re- 
cent book  on  the  subject. 

The  first  chapter  deals  with  the  forms  of 
energy  In  general  aud  their  measurement. 

The  second  chapter  gives  a  sketch  of  the  his- 
tory of  the  subject. 

The  rest  of  the  book  treats  in  order  of  the 
theory  of  eleetrol]rtlc  dissociation,  the  migra- 
tion of  Ions,  the  conductance  of  electrolytes, 
electrical  endosmoee,  migration  of  suspended 
particles,  electromotlre  force,  eleccroljpalSt  po- 
larisation, and  storage  cells.  An  appendix  con- 
tains extensive  tables  of  notation.  An  author's 
index  and  a  subject  Index,  both  rmry  osniplete. 
close  the  volume. 

No  student  of  electro-chemistry  can  get 
along  without  this  book. 

The  translation  is  finely  done,  the  En^llBh 
showing  practically  no  trace  of  the  original 
German,  a  good  point  which  cannot  always 
be  said  of  translations  of  scientific  works.  In 
a  few  cases  the  translators  have  added  im- 
portant original  material,  siMSh  addition  betng 
always  clearly  Indicated. 

Throughout  the  book  diagrams  are  freely 
employed  to  make  the  statements  clear.  There 
are  also  numerous  tables  of  electro-chemical 
properties  of  matter.  The  mathematical  treat- 
ment is  always  simple  and  lucid,  requiring  In 
most  cases  scarcely  more  than  an  elementary 
knowledge  of  algebra  on  the  part  of  the  reader. 

Misprints  are  very  few,  A  careful  reading 
of  the  whole  book  only  disclosed  the  following, 
nameljr,  ou  page  2,  line  8.  A  for  a,  and  in  line 
1 1.  d  for  L  On  page  59.  line  I.Vm  Mg 

The  paper,  print  and  binding  are  good. 


AN  INTRODUCTION  TO  THE  STUDY  OP 
ELECTRICAL  ENGINEERING.  —  By 
Henry  H.  Norrls.  Professor  of  Electrical 
Bacineering  in  Sibley  College.  Comeli 
Unlvwsity.  New  York:  John  Wiley  Jb 
Bona.  Itondon:  Chapman  &  Ban.  Ltd. 
Cloth;  6x9  Ins.;  pp.  404;  niustrated. 

$2.50. 

The  plan  of  this  introductory  work  is  to  take 
examples  from  the  everj'-day  experience  of  the 
student  as  the  basis  of  a  general  survey  of  elec- 
trical applications.  The  result  of  combining 
with  these  experiences  the  lessons  taught  by 
scientific  research,  will  be.  Professor  Norrls 
believes,  a  clearer  conception  of  electrical  laws 
than  can  be  obtained  tn  any  other  way.  The 
author's  point  of  view  is  that  a  Htudent  ahoulil 
have  intimate  personal  knowledge  of  the  things 
and  phenomena  with  which  he  haa  to  deal  be* 
fore  any  explanation  of  the  reaaona  why  these 


Digitized  by  Google 


4i8 


THE  ENGINEERING  DIGEST 


phenomena  take  place  is  offered.  As  a  result 
this  work  Is  of  a  descriptive  character  and  one 
which  can  be  understood  by  any  intelllgeut 
young  man  before  he  has  had  any  technical 
tnUnlof.  The  book  opens  with  an  Interesting 
hlatortcal  survey  of  the  deTelopment  of  elec- 
trical engineering.  The  next  two  cbaybMni 
take  up  the  fundamental  electrical  and  mag- 
netle  units  and  materials.  These  are  followed 
by  two  chapters  on  electric  and  magnetic  clp> 
cults.  Th9  author  then  takes  up  the  construe 
tion  and  operation  of  electric  generators. 
Transformers  and  their  appllcatiuu  form  the 
subject  of  the  next  chapter,  which  is  followed 
hr  a  discussion  of  the  construction  and  opera-' 
tion  of  power  plants.  Electric  motors  and 
their  application,  electric  lighting  and  heating, 
and  electrical  measurements  are  then  taken  up 
and  the  work  closes  with  a  chapter  on  the 
transmission  of  intelligence.  In  this  the  va> 
rious  systems  of  telegraphy  and  telepliouy  are 
briefly  considered.  A  very  complete  index 
adds  coDslderably  to  the  value  of  the  book. 


WATER  SUPPLY. — By  Frederick  E.  Turu- 
eaure,  C.  D.  Eng.,  Dean  of  the  College 
of  Meebaalcs  and  finglneertng,  Unlversltjr 
of  Wisconsin,  Madison,  Wis.  Gblcsgo: 

The  American  School  of  Correspondence. 
Cloth:   6V^  X  Ins.;  pp.  143;  Illus- 

trated. 91.00. 

This  work  is  Issued  to  supply  the  need  felt 
for  a  practical  working  guide,  of  low  cost,  that 
will  appeal  not  only  to  the  technically  trained 
man,  but  to  the  boBinner  and  self-taught  man 
as  well.  A  special  effort  has  therefore  been 
made  to  have  the  language  clear  and  simple, 
and  the  formulas  of  higher  uiathematlts  have 
not  been  included.  The  arraugemeul  u£  the 
subjeet^natter  la  such  as  to  carry  the  reader 
along  from  the  easier  steps  until  he  gains  com- 
plete mastery  of  the  subject.  The  book  oyeaa 
with  a  dlsensslon  of  water  eonsumptlon  and 
the  sources  of  supply.  The  collection  of  sup- 
plies Is  then  taken  up  and  a  section  on  distri- 
bution fttUows.  A  chapter  on  the  purlfleatlon 
of  water  cloiios  the  work.  The  book  Is  a  most 
excellent  elementary  summary  of  the  funda- 
mentals underlying  ttie  subject,  and  ts  alto- 
prthcr  up  to  the  hlph  standard  established  by 
the  author  In  the  longer  work  on  "Public  Wa- 
ter fluppllaa"  written  by  htn  la  collaboration 

with  H.  L.  RuKsoll.  One  criticism  mlt^ht  t)p 
made  of  the  discussion  on  "Domestic  Filters," 
which  Is  given  a  very  scanty  treatment.  This 

BuhjtTt,  which  is  a  most  ImporTant  one  in  al- 
most every  community,  is  dismissed  after  a 

AFRIU. 


dlseuBsion  covering  about  three^fonrths  ot  a 

page.  This  fault  is  not,  however,  peculiar  tO 
Prof.  Turneaure's  work,  as  almost  every  text- 
book on  the  subject  of  water  supply  fa  defi- 
cient in  its  treatment  of  this  bntneh  <tf  tlia 

subject. 


POWER  A.\D  TRANSMISSION. — By  E.  W. 
Kerr,  M.  E.,  Professor  of  Mechanical  Ein- 
glneerlng,  liouislana  State  University. 
Second  Bdltton;  Revised  and  Bnlarged. 
New  York:  John  Wiley  &  Sons.  Lon- 
don: Chapman  ft  Hall.  Ltd.  Cloth;  <  x 
9  Ins. ;  iip.  xiv.  +  366;  264  illustrations  la 
the  text.  $2. 

The  fact  that  this  work  Is  now  in  its  second 

oditlnr.  fTxllcatos  the  favorable  reception  which 
it  iius  had  as  aa  elementary  text-book  for  use 
In  colleges  and  technical  sdkools.  The  book 
has  been  altered  by  the  rewriting  of  the  chap- 
ters on  steam  turbines  and  valve  diagrams, 
and  the  addition  of  matter  on  heat  and  the 
use  of  the  stenm  table.  .\  larpe  number  of 
new  problems  have  been  added  and  errors 
which  appeared  In  the  flmt  edition  have  beed 
corrected.  The  work  is  divided  Into  three 
parts,  the  first  dealing  with  the  general  sub- 
jects of  machinery  and  me<Aianlcs.  This  se6- 
tion  contains  chapters  on  shafting,  bearinps, 
friction  and  lubrication  of  bearings,  friction 
wheels,  pulleys,  belt  gearing,  toothed  wheels, 
screws,  cams,  lerers.  Hnkwork,  and  pipe  fit- 
tings. The  second  part  of  the  work  deals 
with  steam  power  In  general,  and  Is  subdivided 
into  chapters  on  bent  and  steam,  the  simple 
steam  engine,  automatic  cut-off  engines,  high- 
speed engines,  Indicators,  oompound  engines, 
condensers,  valves  and  valve  dlaprams,  rotary 
engines  and  steam  turbines  and  appendages 
to  engines.  The  third  section  oovers  the  sub- 
jects of  pumping  machlncrv,  pas-rnglnes,  wa- 
ter-power, compressed  air  and  hot  air  engines. 
Tables  In  an  appendix  give  the  properties  of 
steam,  the  Row  of  water  over  weirs,  the  flow 
of  compressed  air  through  pipes  and  the  ve- 
locity of  water. 


DREDGINa  FOR  GOLD  L\  CALIFORNIA. — 
By  D  Arcy  Weatherbe.  M.  C.  S.  C.  E.  San 
FraiiclHcu:  The  Mining  and  Scleatlflo 
Press.  Cloth;  6x9  Ins.;  pp.  219;  with  lOS 
illustrations  in  the  text.  $4. 

Some  of  the  matter  which  this  work  contains 
apiteared  in  "The  Mining  and  BdentUlo  Press,** 

but  the  greater  part  of  it  is  new.  It  contains 
considerable  matter  which  has  been  collected 
by  the  author  on  methods  and  costs  of  dredg- 
ing work  that  will  be  of  value  to  the  mining 
engineer.    The  first  chapter  is  devoted  to  In- 
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troductory  remarks  and  a  dibcusBlon  of  the  ge- 
ology of  tha  California  gold  fields.  Chapter  II 
deals  with  the  methods  to  be  em:)!oyed  In  pros- 
pecting dredging  ground,  precauLiuuti  to  be  ob- 
served, etc.  lu  Chapter  III  the  author  treats 
of  dredging  machinery,  and  many  illustrations 
of  dredges  at  work  are  here  given.  The  fourth 
Chapter  deals  with  the  methods  of  operation, 
and  In  Chapter  V  the  metallurgy  of  dredging  is 
taken  up.  The  next  chapter  discusses  costs 
and  the  importance  of  lost  Ume  as  a  factor 
In  Increasing  the  expenses  of  the  work  Is  care- 
fully shown.  Chapter  VII  takes  up  the  horti- 
cultural Question  and  comparative  profits  ob- 
tained by  dredging  land  for  gold  and  using  It 
for  agricultural  purposes  are  considered.  Chap- 
ter VIII  is  devoted  to  general  constderatlo&t, 
and  In  Chapter  IX  the  opinions  of  a  number  of 
mining  engineers  on  various  pha^s  of  the  sub- 
ject in  qncetlon  are  given.  The  niastratlone 
and  typography  nf  tiic  book  nre  good. 


WIRELESS  TELEPHONY. — In  Theory  and 
Practice.  By  Ernst  Ruhmcr.  Trans- 
lated from  the  German  by  James  Erskine- 
Murray,  D.  Sc.,  Fellow  of  the  Royal  So- 
ciety of  Edinburgh.  New  York:  D. 
Van  Nostrand  &  Co.  I<ondon:  Crosby 
Lockwood  &  Son.  Cloth;  6x8^  Ina.; 
pp.  217:  niaatrated.    |8.60»  net. 

This  work  le  the  flnt  puhlished  complete 

account  of  the  progress  that  has  been  made 
in  the  field  of  wireless  telephony.  In  view 
of  tUa  (iRCt  the  author  has  avoided  technical  1- 
tles  as  far  as  possible,  in  order  to  make  his 
work  readable  by  all  Interested  in  this  branch 
of  electrical  engineering.  The  book  Is  well 
Tip  to  date,  describing  experiments  made  by 
the  author  as  late  as  February,  1907,  and 
Other*  made  by  the  translator  in  August  of  last 
year.  The  author  first  takes  up  the  question 
of  wireless  telephony  by  means  of  light  or 
heat  radiation.  In  this  section  are  ilz  diap- 
ters,  dealing  with  the  photophone,  varying 
sources  of  radiation,  the  speaking  arc,  the 
photographophone ,  U^tptetephony  et  neetnl 
distances,  and  the  best  working  condi- 
tions for  light-telephony.  The  second  part 
of  tfao  book  la  deroted  to  the  dlaeiiBBlon  of 
wireless  telephony  by  means  of  elec- 
trical forces.  ,The  various  chapters  deal  with 
the  auhjeeta  of  eloaed«elrealt  telephone,  electro- 
magnetic induction  telephony,  spark  telephony, 
accelerated  spark  rates,  multiphase  spark  dis- 
(diarges,  high  freqnency  alternaton,  the  are 
as  a  high  frequency  generator,  the  PoulF?en 
generator,  multiple  arcs  in  air,  applications  of 
the  arc  to  telephon7»  the  Duddell  phenomenon 


and  forced  vibrations.  The  author  then  gives 
his  conclusions  as  to  the  usefulneaa  of  wireless 

telephony.  This  Is  followed  by  an  appendix 
by  the  translator  in  which  he  describes  brieBy 
his  own  experiments  in  the  United  Statea.  Al« 

together  the  work  is  undoubtedly  the  most 
Complete  presentation  of  the  subject  that  is  iQ 

print. 

THB  GAS  ENGINE.— A  Treatise  on  the  In- 

ternal-Combustion    Engine    Using  GfiS, 
Gasoline,   Kerosene,    .\lcohol,    or  other 
Hydrocarbon  as  Source  of  Energy.  By 
Frederick  Remson  Hutton,  E.  M.,  Ph.  D., 
Sc,  D.    Third  Edition,  Revised  and  En- 
larged.   New  York:    John  Wiley  &  Sons. 
London:    Chapman  &  Hall.  Ltd.  Cloth; 
6x9  Ins.;  pp.  zvill  -h  563:  260  text  flg- 
uree;  15.00. 
The  rapid  progress  in  the  design  and  con- 
struction of  internal-combustion  engines,  which 
has  hoMi  made  In  the  last  few  yean,  haa  led 
the  author  of  this  standard  work  to  bring  it 
more  thoroughly  up  to  date.    In  the  first  two 
editions  the  anthor  had  prominently  before  liie 
mind  the  Idea  of  examining  what  the  machine 
does  and  how  this  Is  accomplished.    In  this 
edition,  on  the  other  hand,  he  oonaldera  the 
pis-englne   from"  the  quantitative  view-polut 
more  fully,  that  is,  with  the  idea  of  examining 
the  aiae  It  mnat  have  to  do  a  certain  amount 
of  work  In  accordance  with  the  limits  sets  by 
natural  laws.    In  this  connection  the  reference 
table  of  gaaeouB  fu^  la  of  particular  Talue  in 
connection  with  the  determination  of  mean  ef- 
fective pressure.    The  treatment  of  this  sub- 
ject, aa  well  aa  that  of  efflctencr  Me  new  In  this 
edition.    The  treatment  of  the  question  of  the 
guarantee  of  efficiency  and  economy  is  also 
new,  and  the  dlicasalon  of  the  producer,  of  the 
use  of  alcohol  as  a  fuel,  and  of  the  carburetor 
have   all   been  considerably   expanded  and 
lirought  down  to  date. 

MOVING    LOADS    ON    RAILWAY  UNDER- 
BRIDOCS. — Including  Diagrams  of  Bend- 
ing Momenta  and  Shearing  Forces  and 
Tsblea  of  BqnlTaleot  tTnlform  LIto  Loads. 
By  Harry  Bamford,  M.  S.,  A.  M.  Inst. 
C.  E.,  Lecturer  on  Engineering  Drawing 
and  Design,  Glasgow  University.  London 
and  New  York:     Wbitaker  &  Co.  Flex- 
ible cloth;  ('>V2  X  S  Ins.;  pp.  7S;  illustrated 
with  80  text  figures.    11.23,  net. 
Some  years  ago  the  writer's  attention  was 
directed  to  the  tcdlons  and  unscientific  meth- 
ods which  were  then  used  for  the  preparation 
of  tables  for  the  "eqnWalent  uniform  IIto 
loads"  for  railway  underline  bridges.    He  con- 
ceived the  idea  that  much  of  this  labor  could 
be  saved  and  the  work  greatly  simpliiled,  by 
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the  direct  appUeattoti  of  th«  fufiteular  polygon. 

After  conslderablft  work  aloriR  this  line  he  suc- 
ceeded in  devlsiog  a  grapbical  method,  wbereby 
on  a  sttiste  diagram  the  maxtmam  sheara  and 
the  maxlimim  bending  moments  and  the  points 
alons  the  spans  at  wblch  tbey  occur,  could  be 
easily  detenntned  tor  a  wide  range  of  apana 
and  for  any  ptven  type  of  train.  A  description 
o(  this  method  appeared  in  "Bngineering" 
(London).  The  matter  thus  published  was 
collected  and  rewritten,  and  now  forms  four 
chapters  of  this  work.  Three  other  chapters 
on  diagrams  of  bending  moments  and  shearing 
forces  In  beams  were  added  to  make  the  work 
complete.  Altogether  it  is  a  book  that  will 
be  found  nsefal  br  designers  ot  Taflwar  vnder- 
bridges  and  eugineerlng  •tudonta  who  are 
working  on  the  subject. 


TUB  QAS  ENOINB  ZN  PRINCIPLE  AND 
PRACTICE.— By  A.  H.  Qoldlngham,  M. 
B.   St.  Joseph.  Hleh.:    The  Oaa  Power 

Publishing  Co.  Cloth;  6%  x  9%  Ins.; 
pp.  195;  103  illustrations  in  the  text; 
11.60. 

Thr  publlsbers  of  this  work  have  issued  it 
Willi  the  Idea  of  giving  those  who  are  inter- 
ested til  the  internal  comlHittion  engine  auch 
information  as  will  more  readily  enable  such 
persons  to  comprelieud  lUelr  action  and  under- 
etand  the  advantages  which  may  be  derived 
from  their  use.  In  order  that  the  readers 
who  are  not  familiar  wUli  the  subject  may 
readily  nnderatand  the  work,  the  author  has 
made  it  as  simple  as  iwsslble  and  In  his  treat- 
ment has  avoided  the  uae  of  mathematics  as 
fKt  aa  Is  practical.  The  matter  baa  been  com- 
piled from  articles  which  have  appeared  in 
"Gas  Power"  and  from  other  sources.  The 
work  ineliidee  n  general  dlacusaion  ot  the  Ta« 
rlous  types  of  Internal  combustion  engines, 
and  the  principles  and  practice  of  their  opera- 
ttoii.  Varloua  dealgna  are  described  and  a 
roniparison  of  the  two-cycle  and  four-cycle 
types  is  made.  The  author  also  taken  up  crude 
oil  vaporizers  and  the  auction  and  presaino 
t7pee  ot  gaa  producers  are  dlscuised. 


STRUCTURAL  DRAWIXC  — By  C.  Fraakliu 
Edminster.  InHtrucinr  In  tliB  Department 
of  Fine  and  Applied  Aiis,  Pratt  Inntltuto, 
Brooklyn,  N.  Y.  Publishe  d  t  y  the  Author. 
(Supplied  by  David  Willuiiiis  Co..  Now 
York.)  Cloth:  8^4  x  7V4  4ns  ;  pp.  148;  74 
llliistratlon?!.  nioBtly  In  the  text.  f2.rr0. 

The  design  of  the  author  in  preparing  lhl» 
work  was  to  present  a  syetematlc  cottrae  of 
iustnietlon  la  atruetural  drawing.   The  llrat 


chapter  contains  notes  on  the  materials  need, 

for  the  benefit  of  beginners.  In  the  second 
Chapter  the  author  presents  a  number  of  simple 
problems  in  geometry  and  projection.  Chapter 
TIT.  takes  up  simple  projection  and  the  prin- 
ciples of  working  drawings  are  latrodaced.  The 
last  three  Chapters  are  devoted  to  the  exphuia- 

tion  of  plates  illustrating  structural  details, 
such  as  angles,  Z-bars,  nuts,  anchors,  rivets, 
etc.,  details  of  steel  mill  conetmctlon  and  iron 

staircase  construction.  The  mechanical  drafts- 
man who  may  have,  from  time  to  time,  .»cru\^ 
tural  drawing  to  do.  as  well  aa  the  student  and 

mechanic  Interested  In  structural  drawingi 
will  find  this  work  of  value. 


ELECTRICAL  INSTRUMENTS  AND  TEST- 
ING.— By  Norman  H.  Schneider.  With 
New  Chapters  on  Testing  Wires  and  Gable* 
and  Locating  Faults,  b7  Jesae  HngtKn, 
Aaalatant  BlectrlGal  Engineer  ot  tiw  Poa> 
tal  Telegraph  Cable  Co.  Third  Ddttlon, 
Revised  and  Considerably  Enlarged,  with 
28  New  Diagrams.  New  York:  Spou  & 
Chamberlain.  London:  E.  &  F.  Spon,  Ltd. 
Cloth:  bxlhi  ins.:  pp.  239.  with  133  11- 
luatratlons  In  the  test  |1,  net. 

In  this  the  third  edition  of  Mr.  Schneider's 
work  on  electrical  Instruments  considerable 
new  matter  baa  been  added  and  Tarlons  re- 
vision.s  have  been  made  to  bring  the  book  thor- 
oughly up  to  date.  Two  new  chapters  on  test- 
ing wires  and  cables  by  Mr.  Jesse  Rargrave 
have  been  added.  The  book  Is  intend ►  1  n  it  as 
a  treatise  on  electrical  instruments  but  rather 
as  a  practical  manual  and  aa  an  introduction  to 
more  complete  and  theoretical  worka  on  the 
subject. 


ENGINEERS'  HANDBOOK  OF  CONCRETE 
REINFORCEMENT. — The  American  Steel 
A  Wire  Co.,  Chicago.  Cloth;  6x9  Ina.; 
p.  IIS:  with  many  tull-page.  half-tone 
Ulttstratlons  and  diagrama.  |<. 

This  is  one  ot  an  increasing  number  ot 

avowed  trade  pijb!lcatlonf«,  which  are  of 
marked  value  to  eugiiieerti  by  reason  of  the 
compiled  terbttical  information  which  they 
contain.  The  present  work  contains  a  large 
amount  ot  matter  selected  and  reprinted  by 
permission  from  some  of  the  best  known 
works  on  the  subject,  tot,'other  with  data  ob- 
laluc'd  in  practice  by  Iho  company's  engineers. 
The  important  features  of  the  ateel«wlra  meeh 
reinforceincnt  made  by  the  company  are 
cleuriy  nut  forth,  and  ipaoy  IHuslratlous  are 
given  showing  work  In  virions  stages  ot  prog- 
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HOW  TO  READ  PLANS. — By  Charles  O. 
Peker.  editor  of  "The  Wood  Worker's 
Review.*'  New  York:  The  Industrial 
Publication  Co.  Cloth.  5  x  7^  Ins.;  pp. 
46.  IllustrAted  with  43  text  flgures  and 
S  Urgtt  Inaena  of  plana.   Prlea  60  «»nts. 

This  little  work  is  a  simple  practical  ozona- 
tion of  the  meanfiiK  of  the  various  lines,  mnrks, 
symbols  aud  devices  used  on  working  draw- 
ings, ao  that  tb/BT  can  be  correctly  followed  by 
the  workman.  It  is  not  a  -nork  for  the  ctiKlneer, 
but  for  the  mechanic  who  is  handicapped  by  a 
laek  of  technical  knowladge  and  training.  Utan" 
plovers  who  wish  to  recommend  to  such  work- 
luea  a  book  which  will  enable  them  to  under- 
stand and  nio  plana,  will  flad  this  work  adapted 
to  their  purpoeea. 


FOUR-YEAR  TOPICAL  INDEX  TO  THE 
ELECrruiC  JOURNAL.— Pittsburg:  The 
Electric  ciuh.   Paper;  6x9  laa.;  pp.  SO; 

2  5  cents. 

This  index  contains  a  list  of  all  tho  import- 
ant articles  which  have  appeared  in  "The  Elec- 
♦r!r  .Tournar'  since  the  first  Issue.  The  Index 
is  arranged  under  topics,  so  that  any  one  who 
wlihea  referonceH  to  one  subject  may  And 
ever^-thlnK  which  has  appeared  in  the  mnga- 
zlne  on  that  subject  in  couveuieut  furui.  In 
addition  to  this  topical  Index  an  authors'  Index 
is  also  fjlven.  One  feature  of  the  Index  which 
deserves  spticiai  recommendation  is  the  fact 
that  it  is  printed  on  but  one  tide  of  the  page, 
thus  allowing  it  to  be  cut  up  for  uae  In  a  eard 
index. 


NEW  BOOKS 

Civil  Knjclnwriin;. 

HANDBUCII  I-^UER  EISliNTO.VBAU.  Edited 
by  F.  von  EmperKor.  Vol.  II.:  The  Ma- 
terial and  Its  .Manipulation.  Prepared 
by  K.  Memmier,  H.  Buchartz,  H.  Al- 
brecht,  R.  Janesch,  O.  liappold,  A.  Nowak. 
Berlin,  Germany:  Wilhelm  Erust  & 
Sohn.  Paper:  7%  x  10%  ins.;  pp.  243; 
420  text  Illustrations  and  1  folding  plate. 
12  marks;  American  price,  $4.80. 

THE  DESIGN'  OF  TYPICAL  STEEL  RAIL- 
W.\Y  BRiDGES, — An  Elementary  Course 
for  EngineerluK  Students  and  Draftsmen. 
By  W.  Chase  Thoiuson,  M.  Can.  Soc.  C. 
B..  AsalBiant  Engineer,  Dominion  Bridge 
Co.,  Ltd.,  Montreal,  Author  of  "Bridge 
and  Struetural  Deatca."  New  York:  The 
thglneerlng  News  Pttbllshlng  Co.  Cloth: 
G  •  9  Ins.;  pp.  vii.  +  178:  21  diagrams  and 
detail  drawings  (including  5  folding 
plates).     %2.  net. 

THE  BLBUBNTS  OF  RAILROAD  KNGI- 
NSBRINO. — ^Railroad  Engineering.  Vol. 
II.  By  William  a.  Raymond,  C.  B.,  LL. 
D..  Profeaior  of  CMl  Engineering  and 


Dean  of  the  College  of  Applied  Science, 
the  State  University  of  Iowa.  New  Tork: 
John  Wiley  &  Sons.  London:  Ohapman 
&  Hall,  Ltd.  Cloth:  6x9  ina.;  vP.  xvl.  + 
40$;  107  flgttraa  and  18  platea.  IS.60 
net. 

Mechanical  Engineering. 

ELEVATOR  SERVICB. — By  Reginald  Pelham 
Bolton,  M.  Am.  Soc.  M.  E.,  Author  of 
"MoUve  Powera  and  Their  Practical  Se< 
lection."  Oporatlng  Condlttona  and  Pro- 
portloaa,  with  Diagrams.  Formulas,  and 
Tables  for  Pas-senper  Travel.  Schedule 
aud  Express  Operation,  wiili  ihc  Relation 
of  the  El^?vator8  to  the  Building,  and  Pro- 
portions and  Loads  of  Cars.  New  York: 
The  author  (527  Fifth  Ave.).  Cloth; 
7H  X  11  Ins.:  pp.  69;  folding  and  other 
diagrams.    $5,  net. 

GAS-POWER. — A  Study  of  the  Evolution  of 

Gas  Power,  the  Design  and  Construction 
of  Large  Gas  Engines  in  Europe,  the  Ap- 
plication of  Gas  Power  to  Various  In- 
dustries and  the  Rational  T.'tilizatlon  of 
Low  Grade  Fuela.  By  F.  E.  Yunge,  M. 
A.,  C.  E..  M.  E.,  Member  Vereln  Deutscher 
lugenleure.  New  Y'ork  and  London: 
HlU  Publishing  Co.  Cloth;  6  x  9)4  Ina.; 
pp.  548:  8  platea  and  159  text  llluatrap 
tlons.  15. 

PRACTICAL  CALCULATIONS  FOR  ENGI- 
NEERS.— For  the  Use  of  Engineering 
Students,  Apprentices.  Draftsmen,  Me- 
chanics, Foremen,  aud  Others  Practically 
Bngaged  In  Bngineering  Work.  B7  C  B. 
Larard,  M.  Inat.  M.  B.,  etc..  Head  of  the 
Mechanical  Engineering  Department  at 
the  Northampton  Institute,  London,  E.  C, 
and  H.  A.  Golding,  Assoc.  M.  Inst.  M.  B. 
London,  England:  Charles  Griffin  &  Co., 
Ltd.  Philadelphia.  I'a.:  J.  B.  TJppln- 
cott  Co.  Cloth;  5x7%  Ins.;  pp.  455; 
2 1 2  lUuatratlona,  moatlr  In  the  text.  12. 
net. 

STATIO.NAUY  STEAM  ENGINES. — Illustrated 
with  Numerous  Examples  from  Actual 
Practice.  Edited  by  William  H.  Fowler, 
M.  Inst.  C  E..  M.  Inst.  M.  E.,  etc.  Man- 
chester, England:  The  Soientiflc  Pub- 
lishing Co.  Cloth:  7«4  X  10  ins.;  pp. 
299;  326  iUuBtraUona  In  the  text.  12s.. 
Sd.,  net;  American  price.  $6. 

Mining  EngineerinK. 
MINING,  MINERAL  AND  GEOLOGICAL  LAW. 
— A  Treatise  on  the  Law  of  the  United 
Btatea  Involving  Geology.  Mineralogy  and 
Allied  Setenoea  aa  Applied  In  Vtailng,  Real 
EsUte,  Public  Land.  United  State*  Cus- 
toms and  Other  Litigation,  Also  the  Ac- 
quisition and  Maintenance  of  Mining 
Rights  in  the  Public  Domain  and  Obtain- 
ing Patents  for  Mineral  Land  Under  the 
Unltwl  States  Mining  Laws.  By  Charles 
ir.  Shamel.  Ph.D..  of  the  Illinois  and 
MichtKan  Bars.  London  and  New  York: 
Hill  Publishing  Co.  Cloth;  f)  •  r»  u  Ins.: 
pp.  627:  103  Illustrations  in  the  text  and 
1  folding  eheet.  |5. 
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BmOwaj  Bogliieerfng. 

OBEHRAU  UND  GLEISVERHINDUNGEN.— . 
ScctioQ  2,  Part  II.  iDex  £:i8«iiba]m>B«u 
der  Oegenwart),  Dto  BSsenbBhnVIiaeliiiik 
4er  a«ganw»rt.  Prepared  by  A.  Bhin, 
Berlin;  8eliti1)«rt,  BerUn;  Himbeclt,  Ber* 
lln;  Fraenkel,  Tempelhof.  Second  Edi- 
tion, enlarged.  Wiesbaden,  Germany:  C. 
W.  Kreidel.  Paper;  7%  x  ll  ins.;  pp. 
145  to  459:  2  plates  and  T40  text  lUus- 
trutioue.  12  inerke;  Ameriaut  Pilce> 
14.80. 

Etaaiterr  Wngleeerlag. 

BIONIFICAXCE  OF  THE  NUMBERS  OF  BAC- 
TERIA  IN  WATER  AND  StWAGE  DE- 
VELOPING AT  DIFFERENT  TEMPER- 
ATURES.— By  Stephen  DeM.  Gage.  Blol- 
ogrlst  at  the  Lawrence  Experiment  Station. 
(Reprinted  from  the  88tli  Annnal  Re- 
port of  the  Massaehusettfl  State  Board  of 
Health.  1906.  pp.  325  to  349.)  Paper; 
6%  X  9^  ins.;  pp.  25;  15  tables. 

Mtecellaaeons. 

AMERICAN  RAILWAYS  AS  INVESTMENTS. 
— A  Detailed  and  Comparative  Analyt^ls 
of  All  the  Leading  Railways  from  the 
InTeator's  Point  of  View;  With  aa  In- 
troductory Chapter  on  The  Methode  of 
Estimating  Railway  Values.  By  Carl 
Snyder.  New  York:  The  Moody  Cor- 
poration. London.  England:  Frederic  C. 
Mathieson  &  Sons.  Cloth;  6)4  x  dhk 
ins.;  pp.  762;  one  folding  map>  |8.20. 
net;  by  mall,  $3.40. 

Ci^RACTB  AND  SPECIFICATIONS.— A 
Working  Manual  (if  Correct  Forms  Cov- 
ering the  Relations  of  Architect.  Con- 
tractor and  Owner,  Methods  of  Awarding 
'  and  Executing  Public  and  Private  Con- 
tracts, and  Instruction  In  the  Art  of  Spe- 
cification Writing.  Part  I.,  by  James  C, 
Plant,  Superintendent  of  Computing  Divl- 
aion.  Office  of  Supervising  Architect,  U. 
S.  Treasury  Department,  Washington.  D. 
a  Part  II..  Bdited  tj  Alfred  B.  Zapf. 
Seeretary  American  School  of  Correapood* 
ence,  Chicago,  111.  Chicago,  111.:  Amerl* 
can  School  of  Correspondence.  Cloth; 
e\*2  y        iliiy.:  i>p.  112;  platea  and  teit 

ilhistratlons.  $1. 

ENGINEERING  REMINISCENCES.  1855- 
lS.s'2. — By  Ch;irlo3  T.  Porter.  Now  York: 
John  Wiley  &  Sons.  London ;  Chapman 
&  Hall,  Ltd.  Cloth:  6  •  9  Ins.;  pp.  xii.  + 
335:  52  illustrations  and  38  full-page 
portralta,    12,  net. 

POOR'S  MANUAL  OF  THE  RAILROADS  OF 
THE  UNITED  STATES. — Street  Hallway 
and  Traction  Companies,  Industrial  and 
Other  Corporations.  40th  Annual  Num- 
ber, 1&0  7.  New  York:  Poor's  Railroad 
Manual  Co.  London,  England:  fiifflng- 
ham  Wtlaan.  Cloth;  6x2  Ins.;  pp^  108 
•f  xTl.  4-  1,TT4;  foldlns  and  other  platea. 
110. 


THE  SCIENCE  YEAR  BOOK. — With  Astro- 
r  ?ri  al.  Physical  and  Chemical  Tables. 
Summary  of  Progress  in  Science,  Direc- 
tory, Biographies,  and  Diary  for  190S. 
(Fourth  Year  of  Issue.)  Edited  by  Major 
B.  F.  S.  Baden-Powell.  London,  England: 
King,  Sell  &  Oldiug,  Ltd.  Cloth;  6%  X 
2!4  Ins.;  pp.  153  +  365;  UliMtrated.  6a.» 
net;  American  price,  |2. 


The  American  Society  of  Mechanical  Bngl- 

neerp,  with  the  d(\sire  to  develop  their  publi- 
catioQs  still  further,  have  been  fortunate  in 
Menrlng  Mr.  Leoter  O.  PYench  to  direct  their 
editorial  department.  Among  the  Immediate 
improvements  to  be  undertaken  Is  the  establish- 
Ins  of  departments  In  tHe  monthly  FroosedlttBS, 
thus  providing  a  greater  variety  of  technical 
articles.  Other  features  are  planned  and  the 
aim  will  be  to  make  the  Proceedings  of  far 
greater  raliie  than  in  the  past.  All  papers, 
however,  will  be  presented  and  discussed  be- 
fore the  Society  at  Its  meetings  as  formerly. 
-Mr.  French  wa.s  born  in  Keene,  New  Hamp- 
shire, in  1S69.  and  early  commenced  bis  train- 
ing in  editorial  work  and  printing  at  Brattle- 
boro,  Vt.,  his  father  having  been  for  a  lons 
time  the  publisher  of  "The  Vermont  Phoenix,** 
and  a  partner  In  a  lai«e  printing  establishment 
there.  In  1S91,  .Mr.  French  received  his  de- 
gree in  mechanical  englaeering  from  the  Maa- 
sadkuaetts  Institute  of  Tedinotogy.  After  fovr 
years'  experience,  principally  in  the  ahopa  of 
the  Builders'  Iron  Foundry  in  Providence,  and 
a  year  and  a  half  aa  a  text-book  writer.  Mr. 
Frenrh  was  engaged  on  the  editorial  staff  of 
"Machinery,"  and  for  nine  years  was  its  editor- 
in-chief.  Recently  Mr.  French  waa  engaced 
in  the  publlshtof  of  tedmlcal  books. 


"Hardware,"  a  magazine  devoted  to  the  in- 
terests of  that  trade,  baa  rsoently  seeored  olBosa 

at  114  Liberty  street.  New  York,  and  will  in  the 
future  be  published  from  that  office.  The  com- 
pany Issnlng  It  waa  formerly  known  aa  The 

Hardware  Publishing  Co.,  but  will  in  the  future 
bear  the  name  of  The  Hardware  Press.  The 
president  of  the  company  Is  Mr.  Harold  8.  Bnt* 
tenbeim,  formerly  secretary  of  The  McGraw 
Publishing  Co.  Mr.  Buttenhelm  has  had  fifteen 
years'  experience  with  trade  and  technical  Jour- 
nals, his  receiu  duties  with  The  McGraw  Co. 
including  the  business  management  of  the  Street 
Railway  Journal,  and  a  sopenialott  of  the  elr^ 
culation  dcpartroenc  of  ili;it  paper  and  those  of 
the  "Blectrical  World"  and  "The  Sogineerlng 
Record." 
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The  publication  of  material  in  thin  section  is  not  paid  for.  While  it  partakes  more  or  less  of  the  nature  of  ad- 
vertising of  the  firms  mentioned,  it  is  intended  as  review  notices  of  some  of  the  more  important  cataloguesreceived 
describing  new  features  in  machinery,  materials,  processes,  etc.,  of  interest  to  the  engineering  profession. 


>L\SSACHVSETTS  RALL-OiEARING 
EXHAUSTEItS. 
The  ball-bearing  exhausters  now  being 
manufactured  by  the  Massachusetts  Fan  Co., 
of  Watertown.  Mass.,  mark  a  distinct  ad- 
vance in  fan  blower  design.  The  bearings,  of 
the  Chapman  double-ball  type  with  single-ball 
races,  are  made  of  case  hardened  cups  forced 


MASS.\CHfSETTS    BALL-BEARINO  KXHAUSTER. 

into  the  banger  and  case  hardened  cones  forced 
on  to  tapered  portions  of  the  fan  shaft.  Be- 
tween the  two  run  hardened  steel  balls  sep- 
arated by  small  ball  Idlers  carried  in  light 
steel  floats.  The  function  of  these  floats  is  to 
keep  the  idlers  in  the  center  line  of  the  larger 
balls,  while  the  idler  balls  themselves  elimin- 
ate the  destructive  grinding  action  of  the  load 
balls.  The  shaft  may  be  readily  driven  out 
through  the  fan  wheel,  pulley,  and  bearings; 
the  taper  contact  between  shaft  and  inner 
sleeve  thus  being  easily  broken. 

The  bearings  are  packed  in  vaseline  when 
shipped  from  the  factory  and  require  no  at- 
tention, except  a  semi-annual  repacking.  In 


order  to  detect  any  defective  parts  each  bear- 
ing is  subjected  to  severe  running  load  tests 
under  pressures  measured  In  tons.  Such  bear- 
ings have  been  run  for  months  under  various 
conditions  without  showing  the  slightest  signs 
of  wear  or  deterioration. 

This  type  of  fan  possesses  many  important 
advantages  over  the  older  forms.  In  the 
smaller  sizes  the  bearing  supports  form  an 
inherent  part  of  the  hangar,  making  a  very 
compact  and  rigid  combination,  while  Insuring 
absolute  alignment  of  the  fan  shaft.  Freedom 
from  the  necessity  and  expense  of  oiling  is 
also  secured.  Such  fans  may  be  placed  In  the 
most  conspicuous  place  without  collecting  dirt 
and  dust  due  to  escaping  oil.  Journal  fric- 
tion has  been  almost  entirely  eliminated.  If 
necessary,  the  different  parts  of  the  bearing 


VIEW  SHOWING  BALL  BEARING  OP  EXHAUSTER. 

may  be  readily  dissembled  for  inspection  or  re- 
placement. As  an  added  advantage  in  the 
smaller  sizes  these  fans  are  made  universally 
convertible,  that  is,  they  may  be  adjusted  to 
discharge  in  any  direction.  The  purchase  of 
an  entirely  new  fan  or  even  the  change  of 

488 


APRIL.  1008. 


Google 


424 


THE  ENGINEERING  DIGEST 


hanger  ts  thus  obTtated.    The  fans  tnay  be 

made  either  rit;ht  or  left  hand  or  inverted 
without  reference  to  the  beariags,  for  which 
•pedal  olIlnfT  arrangementa  would  be  reqnlrM 
In  other  tvpes.  The  same  hangrr  is  uaed  on 
both  siQgle  and  double  exbaustera. 

Comparative  teats  deflnitel^  prove  the  8upe> 
riority  of  the  ball  bearing  fan  over  one  fitted 
with  plain  babbitted  bearing.  A  aummary  of 
■nch  tests  shows  a  decrease  of  about  10%  in 
tlie  requirement  below  that  necessary  with  the 
older  type.  To  provide  against  misleading  re> 
salts  iQ  these  tests  both  fans  were  prevtoaely 
run  for  several  weeks,  so  that  they  presented 
ordinary  condiUons.  Such  economy  in  favor 
of  the  ball  bearing  fan  shows  an  approximate 
annual  saving  of  26%  of  the  purchase  price  of 
the  fan. 

The  convertible  type  with  bearings  formed 
in  the  hanger  and  with  overhung  wJieel  is 
made  In  aizes  up  to  and  including  60-inch 
diameter  of  shell.  In  larger  sizes  the  ordin- 
ary form  of  casing  construction  is  employed 
and  the  bearings  are  of  necessity  constructed 
as  Independent  boxes  to  be  bolted  on  to  the 
supports.  In  the  larger  fans  the  bearings  con- 
tain two  ball  races  instead  of  one.  as  In  the 
case  of  the  smaller  sizes.  Two  case  hardeued 
cups  are  forced  back  to  ba<  k  Into  a  circular 
containing  ring;  a  sleeve  is  placed  at  the  mid- 
dle, and  upon  each  end  is  forced  a  case  hard- 
ened one.  The  whole,  including  balls,  is  held 
on  a  pivot  center  of  the  ball  and  socket  type  by 
which  self-alignment  is  secured.  The  bear- 
ings, each  of  which  Is  Mtlrely  Independent  of 
the  fan.  are  bolted  to  rross  bars,  supported  by 
angle  Iron  viprlghts.  both  securely  riveted  to 
the  fan  sheet.  The  fan  shaft  Is  slipped 
thronph  the  sleeve.  In  both  types  the  balls 
ar«j  Ihuroughly  protected  from  dust  by  easily 
removable  washers.  There  Is  no  leakage  of 
oil.  no  iiollutlon  of  air  bj'  odors  of  heated  nil 
and  no  soiling  ot  surfaces  with  which  the  oil 
may  come  In  contact  The  fire  risk  Inefdent 
to  drippinpr  bearinps  and  rnllerted  lint  Is  en- 
tirely obviated.  The  fact  that  a  well-tried 
type  of  bearing  of  established  standing  has 
been  ndopfed  Insures  freedom  from  the  trou- 
bles often  common  to  the  somewhat  experi- 
mental stage  ot  development  of  a  new  design. 


Williams  Bros.,  of  Ithaca,  N.  Y.,  the  well- 
known  manufacturers  of  drilling  machinery, 
have  Just  Issved  a  catalog  which  describes  over 

seventy  styles  and  pizes  of  niathines  for  drill- 
ing deep  and  shallow  wells  in  any  kind  of  soil 
or  rock. 


A  NBW  OOBIFOITyD  FOR  WATERPBOOFINO 

COXCRETE. 

Despite  its  popularity  and  wide  application 
as  a  building  material,  concrete  has  one  fault 
— Its  tendency  to  "soak."  One  of  the  groat 
dangers  in  reinforced  concrete  construction  is 
that  arising  from  the  permeability  of  the  con- 
crete. Because  of  this  absorbent  quality,  wa- 
ter can  readily  find  its  way  to  steel  embedded 
In  the  concrete  and  there  begin  the  work  of 
corrosion.  The  consequence  of  this  corrosloa 
Is  not  only  a  weakening  of  the  steel  but  the 
actual  disruption  of  the  concrete  Itself,  sinea 
the  rusting  of  the  steel  will  cause  an  increasa 
in  volume  and  when  the  stresses  become  great 
enough  the  concrete  will  be  burst. 

A  simple,  effective  and  economical  method 
for  obtaining  a  dry  concrete  is  to  add  an  effi- 
cient waterproofing  compound  to  the  mixture, 
or  to  provide  a  cement  mortar  which  will  servo 
as  a  waterproof  facing.  The  high  degree  of 
efhclency  to  which  a  waterproofing  compound 
of  this  nature  may  be  brought  when  developed 
along  scientific  lines  is  exemplified  in  the 
Hydratlte  compound,  manufactured  by  the  A. 
C.  Horn  Company,  6-8  Burling  Slip,  New  York 
City,  which  is  probably  the  most  improved 
method  of  cement  waterproofing  yet  offered 
to  the  pi  III  I  Hydratlte  accomplishes  the 
waterprooiiog  of  concrete  by  acting  chemically 
on  the  constituents  of  the  body  into  which  It 
enters.  By  this  chemical  activity  ft  becoinss 
an  integral  part  of  the  mass  and  the  water-re- 
sistiug  qualities  which  it  infuses  into  the  mass 
do  not  last  merely  for  a  short  time,  but  aa 
long  as  the  material  itself.  Furthermore,  It 
does  not  affect  the  streugh  of  the  concrete  nor 
Its  flnal  setting. 

Some  of  the  ^ispfi  to  which  Hydratlte  may  be 
put  are  the  following:  for  waterproofing  rein- 
forced concrete  work,  eoncrete  reservoirs, 
swimming  pools,  floors,  mib-structural  work 
and  concrete  blocks,  it  is  also  of  great  value 
in  repairing  leaky  walls  and  waterprooflikt 
stnoeo  fronts. 


Several  months  ago  a  number  of  men,  then 
associated  with  the  G.  &  H.  Harnett  Co.,  of 
Philadelphia,  formed  tho  Carrer  File  Co.  The 
company  has  now  a  large  factory  in  that  city 
and  is  manufacturing  flies  at  the  rate  of  on« 
thontiand  doren  per  day.  The  company  has 
airuudy  established  a  repulatloD  fur  the  high 
grade  of  its  product,  and  the  careful  manner  In 
which  Its  files  are  made,  together  with  th« 
exercise  of  the  most  competent  judgment  in 
the  selection  of  material,  enables  It  to  com> 
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pete  with  tb0  largest  manufacturers,  both  in 
respect  to  quality  and  price.  The  most  Im- 
proved labor-Ka\ lug  devices  and  machines  have 
be«n  Installed  In  the  company's  laree  factory 
and  tbls  eqnlpment,  together  with  the  person* 
allty  of  the  dfTicIals,  insures  the  continuance 
of  the  high  standard  of  quality  already  set 
by  the  concern. 

A.  VEVKB  FOR  THE  DETECTION  OF  PIRB. 

The  Importance  Of  instant  fire  alarm  cannot 
be  overestimated;  in  fact,  only  one  service  can 
exceed  it  in  value — that. which  forewarns  of 
the  approach  of  firo.  that  glTes  notice  tbat  tem- 
•  perature  is  rising  danneroHsly  nrar  the  point 
ot  ignitioQ.  The  latter  service  ia  that  which 
the  thermostat  la  expected  to  render:  nntor- 
tnnately,  It  does  not  always  fulfil  expectations, 
and  for  these  reasons.  Placed  in  accordance 
with  the  nnderwriters'  rnlce,  twelve  feet  apart, 
the  air  currents  may  carry  the  heat  waves  be- 
tween, and  not  bring  them  in  contact  with, 
the  thermoetats,  many  of  which  have  faults 
Inherent  in  their  mechanism  and  construction. 
Some  of  these  devices  depend  for  contact  on 
the  expansion  of  a  spring,  whldi  may  get  out 
of  adjustment  and  cause  the  device  to  either 
send  a  false  alarm  or — worse  yet — no  alarm 
at  all.  Some  are  tasnHleiently  protected 
against  the  intrusion  of  dust,  vermin  or  In- 
sects, against  moisture,  or  against  corrosion 

a     b      c  d  9      b  a 
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MoNTAUK  Fire  Detecting  Wire 

from  acids — all  of  which  tend  to  render  them 
Ineffective.  Those  that  depend  on  a  pinpoint 
contact,  which  muat  be  absolutely  perfect  to 
close  the  circuit,  may  fall  through  Insulation 
by  the  Interposition  of  a  little  dust  or  dirt. 
Some  are  adTcnely  affected  by  the  alternate 
hen'Inp:  and  cooling  of  the  surrounding  ntmos- 
phere;  others  may  be  so  disturbed  by  even 
slight  shoeke  as  to  render  them  Inoperative. 

After  much  study  and  experimental  work, 
the  Montauic  Flre-Detectlng  Wire  Co.,  of  100 
William  Street,  New  York  City,  have  perfected 
a  device  for  discovering  and  forewarning  of 
Are,  which  is  shown  by  the  accompanying  il- 
lustration. Tho  core  wire  (aa),  the  first  con- 
ductor, is  encased  In  the  fusible  metal  (bb), 
wtiich,  in  turn,  is  covered  with  the  insulating 
material  (cc),  the  whole  contained  In  a  copper 
tube  (d),  which  constitutes  the  second  con- 
ductor, and  Is  the  size  of  an  ordinary  telegraph 
wire.  Any  and  every  part  of  the  wire's  sur- 
face 1b  a  thoroughly  reliable  thermoatat. 


whether  the  wire  be  inches  or  miles  in  length; 
it  can.  moreover,  be  Installed  aa  an  annunclai- 

Ing  wire,  and  thus  made  to  perform  a  dual 
senrice.  saving  in  this  way  no  little  expense. 
When  used  for  bell  wire  a  practical  local  Are 
alarm  service  is  also  obtained:  a  cniuiirehcn- 
sive  one  if  it  be  extended  to  all  danger  points, 
and  effective  on  land  or  sea. 

The  wires  at  present  being  made  by  the  com- 
pany are  the  standards,  those  which  will  be 
set  oft  at  160.  200  and  370"  F.,  all  thermomet- 
rieal  points  considerably  above  normal  heat, 
and  yet  well  below  the  point  of  ignition. 
When  the  temperature  rises  to  the  degree  at 
which  the  wire  is  designed  to  operate,  a  dreuit 
Is  instantly  established,  the  heat  poftcns  and 
expands  the  fusible  metal,  which,  forced 
through  the  meshes  of  the  insulation  and 
against  the  inner  surface  of  the  copper  tube, 
forms  contact  between  the  latter  and  the  core 
wire,  and  soldering,  aeala  the  contact  perman- 
ently,  thus  causing  all  connected  bells  to  ring 
and  to  continue  ringing  as  long  as  the  battery 
lasts,  or  until  switched  off. 

The  Montauk  is  said  to  be  the  only  con- 
tinuous thermostat,  the  only  one  that  can  be 
installed  in  water,  and  the  only  one  that  will 
withstand  Illegitimate  abuse.  iThat  it  can 
withstand  extraordinary  abuse  is  certainly  true, 
for  hammering  it  violently  enough  to  imbed  it 
in  hard  wood  will  not  put  It  out  of  order.  It 
can  be  placed  on  ceilings,  as  demanded  by  the 
underwriters,  snd  also  in  many  places  where 
the  ordinary  thermostat  cannot;  for  example, 
as  a  plrdle  around  wainscoting  In  coal  bunkers, 
near  ash  bins,  in  elevator  shafts,  and,  in  fact. 
In  every  place  where  the  flre  hazard  would 
suggest  Its  Installation.  As  an  evidence  of  the 
various  uses  to  which  the  Montauk  fire-detect^ 
Ing  wire  can  be  put.  It  may  be  said  that  a  low* 
degree  wire  Is  used  by  the  telephone  com- 
panies, in  connection  with  their  switchboard 
wires,  to  Indicate  iMng  temperature. 

Thermostats  are  also  made  by  this  company, 
consisting  of  a  short  piece  of  the  detecting 
wire  attached  to  terminals  and  mounted  on 

[lorcelain  bases.  These  have  all  of  tlie  advan- 
tages that  any  form  of  thermostat  can  possess, 
and.  In  addition,  the  positive  and  unfailing 
qualities  embodied  in  the  wire  itself.  This 
wire  has  been  installed  in  a  large  number  of 
residences,  theatres,  clubs  and  office  buildings; 
also  in  the  United  States  Government  Immigra- 
tion Station  at  Ellis  Island,  and  In  the  Brook- 
lyn Navy  Yard,  for  use  on  United  SUtes  Ck>V- 
ernment  warships. 
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IMtetl&g  tint  tlMM  b  a  itdd  tor  an  Ohistnit- 

Ing  company  to  do  work  of  a  technical  nature 
exolualvely,  a  number  of  gentlemen  have  recent- 
ly formed  In  Scranton.  Pa.,  a  company  to  do 
work  of  this  kind.  The  company  is  making  ef- 
forts to  get  In  touch  with  authors  who  are  oon- 
templatlng  pnbtlsbing  technical  works  in  order 
to  provide  neat  and  clear  lUuatrations  for  these 
works,  and  also  aims  to  get  Into  touch  with 
publishers  of  technical  works  who  have  not  a 
corps  of  illustrators  of  their  own.  It  will  also 
undertake  to  illustrate  catalogues  of  engineering 
firms,  as  well  as  pamphlets  and  circulars  sent 
out  to  further  the  sale  of  machinery,  etc.  The 
oompany  Is  well  equipped  to  h»nd!e  any  large 
or  small  contracts  for  illustrating  such  publica- 
tions as  have  been  mentioned,  and  will  undoubt* 
edly  fill  a  field  that  has  lon^;  T  i  n  vacaut — 
From  literature  of  the  Technical  lllustratiug 
Co.,  Box  365,  Sennton,  Pa. 


TRADB  PimiilOAXIONS. 

STAMPED  STEEL  OUTLET  BOXES  AND  FIT- 
TINGS.— Circular  No.  428  of  the  Sprague 
Electric  Co.,  527  West  34th  St..  New  York. 
Paper;  3%  x  6  Ins.;  pp.  8;  illustrated. 

In  this  folder  several  types  of  switch  and 
box  «ov«n,  steel  outlet  box  eonaeetora.  and 

panel  box  connectors,  all  of  which  arc-  made 
from  one  piece  of  sheet  steel,  are  Illustrated 
and  their  retail  prices  quoted. 

A  REPORT  ON  SANITAIJY  SEWERS. — By 
Charles  Cottlngham.  C.  G.,  DanviUe,  lU. 
Paper,  SV6  x  <  Ins.;  pp.  16. 

This  Interesting  booklet  contains  the  report 
made  by  Mr.  Cottlngham  to  the  Mayor  and 
Council  'Of  Hoopestown,  111.  General  recom- 
mendations are  contained  in  the  report  regard- 
ing the  construction  of  an  adequate  and  effi- 
elent  system  of  sewage  disposal  for  small  cities. 

IKTBRLOCKINO   8T1BBL  8HESBTINO. — Geo. 

W.  Jackson,  Inc.,  4G  Wall  St..  New  York. 

Paper;  10  x  7  Ins.:  pp.  72;  illustrated. 
Th<-  inany  and  varied  uses  of  the  interloek* 
Ing  steel  sheeting  made  by  this  company  are 
illustrated  in  this  pamphlet.  This  sheeting 
may  be  used  for  cofferdams,  piles,  water-tlgbt 
casings,  bridge  foundations,  piles  aud  casings 
for  building  foundations,  conBiructlou  of  locks, 
foundations  for  llgbt-liouses,  dry  docks,  etc 

UNDERGROrXD  COXDT'IT  CONSTRUCTION. 
— Amerkan  Conduit  Co.,  140  Nassau  St., 
New  York  City.  Paper;  3%  X  6f4  iOB.: 
pp.  32;  illustrated. 

Thle  pamphlet  describes  the  bltttmenlMd 
fiber  conduit  used  by  tbe  Amertcan  Conduit 


Co.  In  constraetlnir  underBround  conduits.  The 

advantages  which  it  possesses  over  Iron  pipe 
are  shown,  and  the  methods  ussd  by  the  com- 
pany In  laying  tbe  Conduits  are  Ulustrated. 

LIFTING  MAGNETS.~The  Electric  Controller 
&  Supply  Co.,  Clovoiaod,  O.  Paper;  8  x 
10-%  ins.;  pp.  32;  Illustrated. 

Ten  years  ago  the  use  of  magnets  in  indus- 
trial work  tor  tiie  haadltnar  of  material  was 

unknown.  An  idea  of  their  wide  range  of 
application  may  be  gained  from  this  tcatalog, 
wlileh  describes  magnets  manufactared  by  the 

Electric  Controller  &  Supply  Company  and  the 

different  places  in  which  they  may  be  used. 

ELECTRIC  HOISTING  ENGINES.— Udgor- 
wood  Mfg.  Co.,  96  Liberty  St.,  New  York. 

Paper;  9  x  11%  Ins.;  pp.  S;  Illustrated. 

The  circular  describes  the  line  of  direct  cur- 
rent electric  hoists  furnished  by  the  company. 
They  are  made  with  single  or  double  friction 
drums,  and  operate  at  250-600  volts.  They  are 
self-contained,  with  motor,  controller,  resis- 
tances and  drums,  all  mounted  on  one  bed- 
plate, and  are  readily  portable.  The  single- 
drum  hoists  are  made  fn  slies  ranging  from  H 
to  50  HP.,  and  the  double-drum  from  13  to  50 
HP.  A  20-HP.  electric  mast  hoist  Is  also  listed, 
whlc3i  has  a  nominal  capacity  of  4,000  lbs.  at  a 
•peed  of  130  ft  per  mln. 

THB  MILLIONATRB.— W.  A.  Morschhauser.  1 

Madison  Ave.,  New  York  City,    fi  x  5)4 

ins.;  pp.  16;  Illustrated. 

The  "Millionaire"  calculating  machine  Is  de- 
scribed and  illustrated  in  th!"^  pamphlet.  It  Is 
adapted  (or  working  all  kinds  of  calculations 
which  can  be  made  by  addition,  snbtraetlon, 
multlplioatian  or  division.  The  nccuraey,  sim- 
plicity and  speed  of  the  machine  are  its  best 
recommendations.  Bereral  madilnes  are  lllnk- 
t  ra t ed .  one  Of  whlch  has  a  capaolty  up  to  tweafy 
figures. 

THB  CONARD  SYSTEM  OF  STRUCTURALLY 
RBINFORCBD  CONCRETE.— A  Fireproof 
Structure  Strotag  and  Reliable  as  Stme- 
tural  Steel  and  Cheaper  than  Wood.  W. 

W.  Cnnard,  C  E..  Norristown.  Pa.  Paper; 
6  X  ^  Ins.;  pp.  32;  illustrated. 

Mr.  W.  W.  Conard,  the  patentee  of  the 

Conard  Systvm,  in  this  booklet  outlines  the 
advantages  which  it  is  said  to  possess  over 
other  types  of  reinforced  concrete  constnietiOB. 

Tlic  dcsiKU  uf  Ijrams  and  p;irders  in  this  system 
is  thoroughly  explained  and  examples  of  types 
are  worked  out.  A  number  of  Ubles  <tf  bend- 
ing moments  are  also  given. 
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This  Index  is  intended  to  cover  the  field  of 
tediDical  literature  In  a  manner  that  will 
nakfl  It  o(  tiM  grMtast  um  to  the  greatest 
number — that  is,  it  will  endeavor  to  list  all  the 
articles  and  comment  of  technical  value  ap- 
pflMliiK  In  current  periodicals.  Ita  arrange- 
ment has  been  made  with  the  view  to  Its 
adaptability  for  a  card-Index,  which  engineers, 
ardilteeta  and  otlier  tedmkal  men  aro  grad- 
ually coming  to  consider  as  an  Indiapeosablo 
adjunct  of  their  offices. 

■adi  Item  gives: 

1,  Pull  title  and  author. 

1.  Name  and  date  of  pabUcation. 

8.  An  estimate  of  length  of  article. 

4.  A  short  descriptive  note  regarding  the 
scope  of  the  article — where  considered  ueces- 
sary. 

6.  Prlee  at  whldi  we  can  aapply  eurteot  ar^ 
tides. 


The  Publishers  do  not  cany  copies  of  any 
of  these  articles  In  stock,  but.  If  daalrad,  wUl 
supply  copies  of  Oie  ferlodieal  ^imiiMiTiifij 
article  at  the  prices  mentioned.  Any  pcemlvm 
asked  for  out-of-date  copies  must  be  addad  to 
thla  price. 

Tke  principal  Jonraala  In  the  Tartona  flnlda 

of  technical  work  are  shown  In  the  accompany- 
ing list,  and  easily  understood  abbravlatlona 
of  theae  namea  are  vaed  In  the  Indes. 

The  Editor  cordially  inrltes  eritldsms  and 

suggestions  whereby  the  value  and  veafttlnaM 
of  the  Index  can  be  eiitended. 

In  order  to  comply  with  the  ninny  suggea* 
Uons  and  requests  of  readers  who  desire  t» 
make  practical  use  of  this  tndez;  it  Is  priaMI 
on  one  side  of  the  sheet  only,  to  patmlt  tbe 
clipping  of  any  desired  itons. 


LIST  OF  PERIODICALS  INDEXED 

JOURNALS^  PROCEEDINGS  AND  TRANSACTIONS  OF  AMERIGAN 

TECHNICAL  SOCIETIES 

Journal  Am.  Foundrymen's  Assn.  Proceedings  Bnglneers'  Cluh,  Phlladelpllla. 

Journal  Assoc.  Engineering  Societies.  Proceedings  New  York  R.  R.  Club. 

Journal  Eng.  Soc.  of  Western  Pa.  Proceedings  Pacific  Coast  Ry.  Olttb. 

Journal  Franklin  institute.  ProceedinRs  St.  Loils  Ry.  Club. 

Journal  West.  Society  of  Englneein.  Proceedings  U.  S.  N'aval  Institute. 

Proceodlngs  Am.  Soc.  C.  E.  Transactions  Am.  Inst.  Electrical  Sloglneers. 

PrnoporihiKH  Am.  Soc.  M.  E.  TnnaaeUona  Am.  Inst.  Mlnlns  Bnglneen. 
Proceedings  Can.  Soc.  C.  B. 
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TECHNICAL  PERIODICALS 

Aa  lack  ohnI  mbr  IU«  hmMmg  eosto  9M0  m  oHMth 

American  Btiilden  Reriew 
▲  JoanuU  D«ToU4  to  tb«  ArcUtMts,  Coatneton,  Bn- 

aiBci*  copiM.  80  onta, 
«tt  KtVMMM  8b,  SAN  nUMCnaQO.  CAIa. 

The  Industrial  Hagazine 

A  MontlUy  Itacwla*  on   IndnatrlnJ  BnielnMrtnc  for 
BBstaoar*  ud  OMtxMton. 

fiasl*  «oplw  M  «rata.                   On  y«r  lUOi 

tl  nuft  Hew,  raw  TUOL 

Tke  CanaduB  MuiciiMl  Joomal 

OCIel*}  Orgmii  of  the  Dominion  and  ProYiDciai  Unloni  of 
Municipalities. 

HMCIMA  lAO  OBlOOrS  of  SV£<KY  mUDlClp&lll7  la  CftnftaA, 
MWUhlyV  MM  AtUv  p«r  rear;  ten  cents  p«r  OO97. 

Kmm  29.  Aliuaoo  BoUdinc 

The  Iroa  Agt 

A  Journal  ot  tba  Iron.  Stf^i    \tc*al,   MaclilcsrT  and 
Hardware  TriiOrT, 
Subacrlptloa  Prleo,  fS.OO  per  year  iu  the  Usitod  Statoa 
■ad  MaHo:  |7  so  m  all  other  countrl#a.    Magto  Moln 

10  OHtl. 

DAVID  WILLIAMS  OO. 

1«-M  PHk  FlM%  raw  TMtK. 

Compreued  Air 

Montblr.  deroUd  to  tlio  thoorr  and  practice  o(  com- 
proMoa  air.  pamuMtle  tMto.  air  oMBpreasor  daalcs,  air 
ttit  pumplnif.  tvaaMBi'.  root  cmmtlon,  etc 

j9Qt  per  copy.                                   ♦i.w  x**'* 
Published  by 

THX  OOMPRKSSaO  AIR  IIAOAZINB  Oa, 

BmrtiAV  OfMB  Bldf.,  raw  TOmC  OITT. 

MuuBg  Scieoce 

A  Wc«klr  Jvuiml  Dct«M  to  Htaliii;  HMalMW  AbC 

f3.00  a  year.                                      10  ««Mii  •  «opr, 

DBtfYBK.  0OU». 

Bectric  Railway  Review 

Beat  edited,  most  up-to-date  and  rapldlr-growlns  Jour- 
nal In  lib*  tracUon  Held.    PublUbed  eTory  Saturday.  Do- 
awtle,  $2.00;  Canada.  |S.SO:  othor  forolgn  oountrlM, 
IMO;  ausl*  oojklM,  10  cents. 

THE  WILSON  COMPANY, 
IMBanison  St    '  hirago.        ISO  Ni.eiQ  j  St.  Not  Twk. 
1S29  WllllamMtn  Bids..  Cl«*«UDd.  0. 

PiM|nMVB 

Treats  of  O&a  and  Its  application  to  domesUc  and  la* 
duatrtal  op«raUona.    Subacrlptloo  13.    Spootmoo  copy. 
16  emu. 

S80  Bnaftwar.  NSW  TOEE. 

EngiiMering-  CoDtracting 

▲  WMklr  J9«nat  lor  arU  BailaMn  mfl  OrarrMtwt; 
vNk  wbMfe  to  lM«rpmM 

BNQINBKRINQ  WORLD  and  CONTRACT  NBW8. 
Bnabltstied  1881— Every  Wedneaday— ^2  a  Yaar. 
fllngl*  copies  10  cents. 

868  Dearborn  St.,  OHICAOO,  ILL. 

The  Railway  Agt 

Loador  and  acknowiodgod  authority  In  all  ateam  rail- 
way aattna.  PabUabaO  tmr  ftldur;  ovar  MOO  mm 
a  yaar.   OaGMttlni  04410:  Oaaada,  »B.DO:  tm^^ 
eaHaMaa,  OUO;  alnclo  eoplet,  10  oenta. 

THB  WILSON  COMPANY. 

160  Hurlm  Bt,  Chlcaco.      160  Nasma  St..  Naw  tlMk. 
USO  WUUamaoa  810c.,  OlavalaaO,  a 

A  TlMWt  9i  OM,  Maohanleal,  Ulnlas  BMlMial 
Bn<lno«rln<. 

VMIKI7.  1^  00  par  year:  alngla  ooplea,  IM  MBlil 
Pal>Uab«4  «T«ry  Thandny  bw 

THB  BNOimntltlNO  WBWV  PUBUSBtMV  OfK, 

Broadway.  HBW  TORK. 

■aMUahaO  ISK. 

Tar  Roadntaatara  and  Foremen,  Bnctaaais  aaO  lopav* 
latandonts  of  MalnUnanoo  of  Way.  SufmiMMmlla  Mi 
Faramaa  at  BrMgaa  aaO  BaUdlagi. 

Ifoatlily.  tLOO  par  rmt:  alatto  tntm,  10  aaate. 

Doartwra  8L.  CmCAOO,  ILL. 

will  find  it  to  their  advantage 

to  have  a  one-inch  card  on  this 

page,  opposite  the  list  of  Peri-  AOOIfT  IT* 
odicalt  indexed.    •   .   .   .        ABUU  I  11 


ASIC  IIS 

1^1  •  have  a  one-inch  card  on  this  \JO 

A  UDllSIlGl  S       page,  opposite  the  list  of  Peri- 
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AMERICAN  AND  CANADIAN  PERIODICALS 


Ac«tjrl«ii«  JounaL 

▲nerlcaii  Arehftwt  and  BvUdlng  Newi. 

Amerlrnn  Artisan. 

Ameritau  Buiidtra'  lioview. — Sm  AdT.  oppo- 
site. 

American  Carpenter  &  Buildar. 

Americaa  Engineer  Uld  IL  B«  JOUlUlL 

American  Exporter. 

American  Oas  Light  JounaL 

American  Induatrlea. 

Auarlcan  Jnvanter. 

Amertow  Journal  of  Setonoa. 

Anarlean  Machinist 

Americnn  shipbuilder. 

Architect      Engineer  ol  California. 

Architectural  Art. 

Architectural  liecord. 

Architectural  Review. 

Architects'  and  Builders'  Mag. 

Architecture. 

Automobile. 

Bolter  Makor. 
Brass  World. 

Brick. 

Bulletin  Am.  Iron  &  gtMl  ASSB. 

Bulletin  of  Dept.  of  Labor. 
Bulletin  Univ.  of  Kansas. 
Bulletin  Univ.  of  Wisconsin. 
California  Journal  of  Technolocf. 
Canadian  Architect  and  Builder. 
Canadian  Cement  &  Concreti  Ravtenr. 
Canadian  Electrical  News. 
Canadian  Engineer. 

Canadian  Machinery  &  Manutaeturlns  K«wa 
Canadian  Mannfaeturar. 
Canadian  Mining  Journal. 
Canadian  Municipal  Journal. — See  Adv.  oppo- 
site. 

Carpentry  and  Building. 
Cassier's  Magailno. 
Castings. 
Cement. 

Cement  Age. 

Cement  and  Bngtawarlns  Nava, 

Cement  Era. 

Central  Station. 

Cbamical  Engineer. 

COM  Storage  and  Ice  Tfada  Journal, 

Conmarcial  America. 

Comprenod  Alr«~-8M  Adv.  opposite. 

Concrete. 

Concrete  Age. 

Concrete  Ens^aarlttf. 

Contractor. 

Cornell  Civil  Engineer. 

Daily  ConsMlar  and  Trade  Reports. 

DoD  Psllr  Engineering, 

Economic  Oeology. 

Electrical  Ago. 

Electrical  Reriew. 

Electric  Journal. 

Bteetrle  Rallwair  Raview.  -800  Adr.  oppoolte. 

aiMtrleal  World. 

BlaaMtt  Traetlon  Wooklr. 

■laetrotihamlcal  and  Matallurglcal  Industry. 

Engineer. 

BnglneerlQg-CoQtracting. — See  AdT.  opposite. 
Engineering  and  Mining  Jonnmi. 
Engineering  Magazine. 
nigtBMrins  Na»rfc  Baa  Adr.  oppoMa 


Englnaarlng  JEtacord. 
Factory. 

Far  Oaatara  Review. 

Fire  and  Water  Engineering. 

Forestry  and  Irrigation. 

Foundry. 
Oas  Engine. 
Gas  Power. 

Glass  and  Pottery  Would. 

Hardware. 

Heating  and  Ventllatlas  Mag— inf, 

Horseless  Age. 
Ice  and  Bofrigeration. 
Illuminating  Engineer. 
Implement  Age. 

Induatrial  Macailaa. — Saa  Adr.  oppoatte. 
Induatrtal  World. 
Inland  Architect. 
Insurance  Bnglneerlng. 

International  Marine  Engineering; 
Iron  Age.— See  Adv.  opposite. 
Iroi.  ri.ide  Revleir. 
Irrigation  Age. 

Journal  of  Electricity,  l  ower  and  GaS. 

Journal  of  U.  S.  Artillery. 

Journal  of  Worcester  Polytechnic  Uistitttte 

Judicious  Advertialng. 

Machinery. 

Marina  Bavlew. 

Metal  Induatry. 

Metal  Worker.  Plumber  and  Stem  FIttar. 

Mines  and  Minerals. 

Min.     nnd  Mining. 

Mining  and  Scientific  Preas. 

Mining  Science. 

Mining  World. 

Modern  Machinery. 

Moody's  Magazine. 

Motor. 

Motor  Age. 

Motor  Boat. 

Motor  Car. 

Motor  Traffle. 

Municipal  Bnglneering. 

Municipal  Journal  and  Engineer. 

Paper  Trade  Journal 

Plumber's  Trade  Journal. 

Popular  Mechanics. 

Popular  Science  Monthly. 

Pow  or. 

Power  and  Transmission. 

Power  Wagon. 

Printers'  Ink. 

Profitable  Advertising. 

Progressive  Age. — See  AdT.  oppoalte. 

Railroad  Oazette. 

Railway  Age. — See  Adv.  oppoatta 

Railway  and  Engineering  Ravleir. 

Railway  and  Locomotive  Engtnaining: 

Railway  and  Marine  World. 

Railway  Engineering. 

Railway  Master  Mechanic. 

Roadmaster  and  FOrenwtt.-'^Sae  AdT*  ogpoill^ 

Rose  Technic. 

Scientific  American. 

Scientific  American  Snpplamaat. 

Selling  Magazine. 

Sibley  Journal  of  Bngltteerlng; 

Southern  Machinery. 

Stevena  Inatltnte  Uidlcntor. 
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atom. 

Street  Railway  Journal. 
Technical  World  Magazine. 

Technology  Quarterly 

Textile  Manufacturers  Journal. 


Tradesman. 
WatwrprooSnf. 
Westoni  BleetridMi. 

Wood  Craft 
Wood  Worker. 


PRINCIPAL  BRmSH  PERIODICALS 


London. 


Aerlcultural  ChroDlfir  (nu) 
Architect,     (w.)  London. 
Architects'  Magazine       ui.)  London. 
Architectural  Review,     (m.)  London. 
Autocar,    (m.)  London. 
Automobile  Journal,    (m.)  London. 
Autonotor  Journal,     (w.)  London. 
Board  of  Trade  Journal,    (w.)  London. 
BrltUli  Architect    (m.)  London. 
Britlali  CUy  Worker,    (m.)  London. 
BrltUh  Tndo  Reriew.    (m.)  London. 
Builder.    («.)  London. 
Building  Industries,    (w.)  Qlasgow. 
Civil  Engineering,     (w.)    London.  ^ 
Cold  Storage,     (m.)  London. 
Colliery  Ouardian.    (w.)  London. 
Commercial  Motor,    (w.)  London. 
Concrete  ft  Conatr.  Engg.  (b-m.) 
Contract  Journal,    (w.)  London. 
Blecirical  Engineer,    (w.)  Londou 
Bleetrical  Bn^OMring.    (w.)  London. 
Hoetrlonl  Magiiliio.    (m.)  London, 
■lootricnl  PromH.    (m.)  London. 
Bloetrleal  Rovlmr.    (▼.)  Loadoii. 
Blectrician.    (w.)  Laa4a«. 
Blectrleity.    (w.)  London. 
Bnglneer.    (w.)  London. 
Bnglneering.    (w.)  London. 
Engineering  Review.     (m.)  LondOB. 
Engineering  Times,  (w.)  London. 
Bnglneering  World,    (w.)  London. 
Engineers'  Gazette,  (m.) 
English  Mechanic.  (w.) 
Oaa  and  Oil  Power,  (m.) 
Qm  Bnglneers'  Magazine. 
Bardwaro  Mngaztno.  (m.) 
implemont  and  Maehlnery  Rev.  (m.)  London 
Iron  and  Coal  Tradea  Bavlow.  (w.)  London. 
Iron  and  Steel  Tradaa  JournaL  <«;)  London. 

PRINCIPAL  FRENCH,  GERMAN  AND 


London. 
London. 

London, 
(m.)  London. 
London. 


Ironmonger,    (w.)  London. 
Ironmongers'  Chronicle,    (m.)  London. 
Journal  of  Oas  Lighting,     (w.)  London 
Journal  of  Society  of  Arts,    (w.)  London. 
Locomotive  Magazine,    (m.)  London. 
Marine  Engineer,    (m.)  London. 
Mariner,     inu  Loudou 
Mechanical  Engineer,    (w.)  Mancbeetar. 
Mechanical  World,    (w.)  Manchester. 
Mining  Engineering,    (m.)  London. 
Mining  Journal,    (w.)  London. 
Mining  World,    (w.)  London. 
Motor,    (w.)  London. 
Motor  Boat,    (w.)  London. 
Motor  Car  Journal,    (w.)  London. 
Motoring  Illustrated,     (m.)  London. 
Municipal  Journal,     (w.)  London. 
Nature.     (w.)  London. 
Oil  Trades  Gazette,     (m.)  London. 
Papti  a  Weekly,    (w.)  London* 
Paper  Maker,    (m.)  London. 
Paper  Making,     (m.)  London. 
Potrolonm  World,    (m.)  London. 
PraeMoal  Bnglnoar.    (w.)  Londoii. 
Public  Works,    (q.)  London. 
Quarry,    (m.)  London. 
I{aliv.ay  Engineer,     (m.)  London. 
Railway  Gazette,     (w.)  London. 
Railway  Magazine.     (m  i  London^ 
Railway  Times,    (w.)  Liondon. 
Solonoe  Abatraeta.    (m.)  London. 
Sells'  Commercial  AdTorttiar.  (w.)  London. 
Surveyor,    (w.)  London. 
Textile  Journal,     (m.)  London. 
Timber  Trades  Journal,    (m.)  Loudoa. 
Times  Engineering  Supplement,  (w.)  London. 
Tramway  and  Railway  World,  (m.)  London. 
Water,    (m.)  London. 

OTHER  FOREIGN  PERIODICALS 


Annales  dee  Ponts  et  CbaussAai.  (m.)  Paria. 

Beton  and  Bisen.    (q.)  Vienna. 

Ci-'m<nitn,     (111.)  Milan. 

Comptes  RenduB  de  I'Acad.  des  Science*,  (w.) 

Paris. 

Deutsche  Bauzeliung.     (b-w.)  Berlin. 
Dlngler'B  Polytechnic  Journal,  (w.)  Berlin 
{llflenbahntechnische  Zeltschritt.   (b-m.)  Ber- 


(w.) 


_  _  (w.)  Paria. 

Blektriflclie  Kraftbetrlebe  and  Bahnon. 

Ttcrlln, 

Blektrochemische  Zaltaehrlft.  (m.) 
Bloktrotechnik  nnd  MaMltlnmbav.  (w.) 

enna. 

Elektrotcchuischo  Zeltschritt,  (W.)  BarllB. 
Blettrlclt^.     (w.)  Milan. 
<Mnle  ClvU.     (w.)  Paris. 
•Oaaundhelts-Ingenleur.    is-m.)  Munldl. 
ladoatrlo  Blectrlque.    (s-m.)  Paris. 
Infonlaria.    (s-m.)    Baenoa  Alree. 
Ingenlear.    (w.)  Hacuo. 
Journal  f.  GasbelettlAtung.    (w.)  Berlin. 
Paris. 


M6Ullurgle.  (w.) 

In^9  tQ  MrtltUt  hnn*  m  Stroud  Pat*  Fathmntu 


Mtnaro  Mexlcano.    (w.)  Mexico. 
Moll  Beientiflqua.    (m.)  Paris. 
Organ  f.  d.  PortMbrltta  dea  Blaenbalinwaaeiia. 

( m. )  Wieflbaden. 
Revlsta  d.  Obras  Pub.    (w.)  Madrid. 
Kevlsta  Tech.  Indus,    (m.)  Barcelona. 
Revue  de  Mdcanlque.  (m.)  Paris. 
Revue  G6n.  des  ChemJn.s  de  Fer.  (m.)  Paria. 
Uevue  Gt'n.  des  Sciences,  (w.)  Paria. 
Revue  Industrlelle.     (w.l  Paris 
Revue  Tochnique.   (b-m.)  Paris. 
RevisLa  Marlltlma.  (m.)  Rome. 
Sidilffbau.    (s-m.)  Berlin. 
SeliweUerische  Bauzeitung.  (w.)  Zuricb. 
Stabl  nnd  Elaen.  (w.)  DUsseldort. 
Tadinlqna  Sanltalre.  (m.)  Paris. 
ZalUeHrlft  fflr  Bauweeen.   (q.)  Barlln.  ^ 
Zaltaehrlft  f.  d.  Gaaamta  Turblnrawaian.  (w.) 

Munich. 

Zaltschrift  d.  Oaat  Ins.  nnd  Ardi.  Var.  Cw.) 

Vienna. 

ZollFchrift  d.  \'or  Deutsrber  Infe'.  (w.)  Berlin. 
Zeltschrlft  fur  Elektrochemle.  (w.)  Halle  a/S. 
Santralblatt  d.  BaoTorwaltuns.  BarUn. 
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PRACTICAL  BUSINESS  BOOKS 


CORPORATE 
FINANCEand 
ACCOUNTING 

By 

H.  C.  BENTLEY,  C,  P.  A. 

(1908  Edition) 

A  working  manual  covering 
every  ptiase  of  corporate  finance 
and  accounting  clearly,  carefully 
and  comprehensively.  Its  prac- 
tical and  common  sense  treatment  of  its  subjects, 
its  reliability  and  its  convenient  arrangement 
make  it  an  ideal  work  of  reference. 

It  treats  of 

I.  THE  CORPOHATION  TREA8VBEH, 

bis  duties,  powers  and  liabilities. 

II.  THE    COHPOIiATE     BOOK8  OF 

ACCOUNT,  lucluilinK  oiK-ninK  and  siievial  eutrie*. 
ftnd  rei>ort«  of  treasurer  and  auditor. 

■  11.  THE  CORI»OUATE  FI.NA^VCRN,  in. 

eluding  bank  de{*o«it4),  checks  and  divtdvndH. 

■  V.  NEGOTIABLE  INNTBl'nEKTN,  gtat- 
inic  clearlr  and  coueisulr  tho  rulett  which  guvem. 

V.  THE     CORPOHATE  SECURITIES, 

including  common  and  preferred  stock  and  bunds. 

VI.  THE  rirVANCIAL,  r«»Rn!i,  iDcludins 
checks,  notes.  certiUcations.  stocks,  bonds,  etc. 

The  acconntlns  portion  of  the  book  Is  by  Mr.  11.  C 
Bentley,  C.  P.  A.,  an  auditor  and  accountant  of  ox- 
tended  practical  cxporlenee.  Tho  lottal  and  flnari- 
cial  portion**  arc  by  the  well  known  corporation 
authority,  Mr.  Thomas  Conynirton,  of  the  New  York 
Bar. 

The  book  fs  rolinble,  up-to-<late  and  authorita- 
tive. It  will  bo  found  of  daily  use  and  convenience 
by  every  man  of  affairs. 

500  Pmsat  6Z>  9  in*.,  1908.    Buckram  Bindinf.  Pre- 
paid Pric*.  $4,00 


^  FINANCING 


AN 


UNASCING  AN" 
INimPHISF 


J 


ENTERPRISE 

By 

FRANCISCOOPER 

(Second  Edition) 


A  practical  work  desorlblnif 
clearly  and  plainly  the  niothodHof 
securinj:  money  for  ont«'rprl.'«eH. 
Its  author  has  drawn  from  a  prac- 
tical experience  extendinK  over 
many  years  and  has  produced  tho 
only  thoroughly  first  class  and  reliable  work  on 
the  subject  of  promotion—a  work  which  warns  tho 
man  with  an  enterprise  away  from  the  blunders 
that  will  wreck  It  and  gives  him  just  the  informa- 
tion and  advice  he  needtt  to  attain  success. 

WHAT  THE  BOOK  CONTAINS 

The  work  is  In  two  handsome  volumes  iKiund  in 
Duckmm.  Volume  I  (lescribes  tho  methods  and 
requisites  of  successful  finance;  tells  when  and  how 
to  Investigate  an  enterprise,  and  how  It  may  be 
held  and  protecte<l.  together  with  a  full  and  valu- 
able <liscus-ion  of  capitalization.  Volume  II  tells 
how  to  prepare  a  prosficctus  and  how  to  present 
an  enterprise:  (1)  personally.  (2)  by  letter.  (3) 
by  circular,  (4>by  general  advertising  It  also 
contains  a  full  discussion  of  IruHt  fund  guaran- 
tees, guamntee<I  tttock  and  bonds,  underwriting, 
commission  and  the  general  problems  of  pmmotlon. 

WHAT  IS  SAID  OF  THE  BOOK 

KnaiKaKBtiio  Nrwr,  N*w  Ti^Hc  nt^  :  "Tbr  bonk  will  b«  foaad  ev|wc1*l- 
1y  Inl^rratlur  Aiiil  unrful,  w«  tirllevr,  by  fiiKlnrrr*  irbn  «r«  calld  oa  lo 
liiT^^itiTAlr  muA  rr|<irl  npnu  iMtH'  ratvrprl«r«.  .  .  .  Kiiclbevn  who  lwr«  !«• 

•to  Wltb  IHttrbtr^l  lhV(>tall<iOli  Allil  tlH-lr  ri •|itnM>rrUl  fXt'^'O'tloU  *llO 

Aiiil  iiiurh  lnNirtk-il%«  AiMl  |M'l|>ful  mailer  li>  tliU  tivAtlM." 

Thb  FitAMfirB,  New  York  CMj  :  **\  rrtf  rmUmHv  rHapt^r  rmwcm* 
pTtimoIrr*  llti4iM'li*r«»  mid  from  ihli  niw  ••rilun  m^re  mmy  b»  |««rikml 
111  ftrr  mlnulM  tli«n  m«>  b«  •coibi|>UiI>»^  by  ib*  UrniAD  lo  maaijp  v>**r«-" 

rhaft,  W.  tti>>l,  Atljr.  at  tjtm,  !^M•1(Al■»,  Wa»hlllirt»ii  :  "  I  baT»  Jaul  fln- 
tkb#«l  r«*i|liiir  >»iirlwn  tulum**  wiirk, '  Fluatti-tiic  aji  Kiil«rt»tliiv,' aud  am 
frrr  UiMT  |l  U  tlw>  t«v*l  Wi»rk       ibU  iiu(>)r<*  ■  tiai«i  fTrr*r*U." 

H.  Tlmm,  Ari'ovnUnt.  Xvw  V<^rk  :  *' I  hava  fltMllrJ  Prcnch,  Rnirll*l> 
Ninl  Oi'rniau  l<rmk«  on  the  oulijc^  t,  tut  I  tMV*  met  ui-i>»  that  hit*  tb*>  najl 
nti  tb«  btfiMl  n»  >our  bo«ik  tlora." 


V.  11.  Ilmwi*,  Kl4-rlrlral  Cnnlm'lor.  Mlaml^  : 
trri*na«'  rcc(iv<4.    It  1«  cvrlaluly  O.  K.'' 


Inanrluir  an  En* 


543  Pate«,  2  VoU.,  Buckram  Biadinv.    Prepaid  Pric* 
$4.00.    Either  Vol.  Scparatelr.  $2,00 


Tabl0  of  contents  of  wither  of  the  above  works  and  general  price  list  of  business  books  free  on  application 
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INDEX  TO  ARTICLES 

ARCHITECTURE. 

Far  Steel  and  Reinforced  Concrete  Building  Construction,  Foundationt,  Masonry,  etc.,  see  "Engineering 
OHMrtrHcMon  mid  MateriaW*  wider  CIVIL  ENGINBEXIlfO;  forBeaHngamd  VenHUaUm,  $ee»nMM$ion 
simxJnrJy  ,  nii1h,I  under  MEVIfAXICAL  EXf! rXEEPfXr; ;  f,,r  Eh,  trie  Lighting,  see  "  Lighting" 
under  ELECTRICAL  ENGINEEmNG;  for  Elevators,  see  *'  Hoisting  and  Ua^ling  Machinery" 
tiMfer  XBOBANICAL  BlfGINBEBINO  j  tor  FtwOmHt  ami  SsmiMim,  tee  "Se»era§e»  under 
MUNICIPAL  EKGINEBSINO. 


Ohnrch  Bnildins. 

The  Building  of  the  Church.  J.  A. 
Schweinfiirth.  Am  Arrh  Fob  08.  21 
flgB,  5000  w.  Aq  artici(>  snpplt'inpntei 
by  mnny  exterior  and  Int'Tinr  views  of 
American  and  European  edlQces,  the  entire 
number  beins  devoted  to  the  anbjeet. 


Public  Schools. 

Public  School  Building  in  the  City  of  New 
York.—iii.  Am  Arch— Mar  4.  OS.  20  flee. 
1000  w.  60c. 


AUTOMOBILES  AND  AERIAL  NAVIGATION. 


Aeroplane  Design. 

The  Problem  of  Flight.  Engg— Feb  14. 
08.  isOi)  w.  -lOc.  Editorial  on  Fartnan's 
recent  work,  also  discussing  certain  formu- 
las for  aeroplane  deetcra  propoied  by  Capt. 

Forlx-r. 

Akobol  i<'nel. 

Aleobol  aa  a  Hotor-Car  Fuel.  P.  8.  Tloe. 
Motor — ^Mar,  08.    SOOO  w.  20c 

ABtl*Freezln«(  Mlxtnrp. 

The  Behavior  of  {Jlyrerine  In  Radiators. 
Com  Motor — Feli  Og.     1  flg.     800  w. 

40c.  Gives  the  properties  ot  a  clean  and 
reliable  antLfreeilns  mixture  ooatatalag 
20%  glycerine. 

BVOBt-Wheel  Driving. 

The  Front  Drlvine  of  Motor  Cars.  H.  S. 
Hele-Shaw.  Prac  Engr — Feb  2  8.  08.  5 
figs.  2900  w.  40c.  Abstract  of  paper  read 
Jan  20,  08,  before  the  Inatltute  of  Automo* 
bUe  BuKlneers. 


Garage  and  Genoratinic  Station. 

0«nerating  Station,  Garage  and  Equip« 
nient  of  tbe  Auto  Transit  Company  of  Phll- 
aik'lphia.  Pa.  El  Wld — Feb  22,  08.  11 
figs.    2000  w.  20e. 

Hub  Ball  Bearisgs. 

Automobile  Hub  Ball  Bearings.  Henry 

Heaa.  Automobile — ^Mar  S,  08.     7  flga. 

2000  w.   20c.   Paper  read  before  the  Sch 

('U-\.y  of  Automobile  Bnglneera. 
igultcrs. 

Methods  of  Testing  Igniting  Apparatus. — 
H.  F.  W.  Springer.  El  Wld— Feb  22.  08. 
2  flgs.   4600  w.  20c. 

MofaH^Osr  Vtamea,  Bradug  off* 

The  Bracing  of  Motor^Sar  Framee.  Engg 

—Feb  21,  (  V     f:  ti  's.    2000  V.  40c. 
Rppairfng  Autoinoiilles. 

Frohlems  in  the  ilepairing  of  Autoniobileg. 
Automobile — Feb  20,  08.  7  flgs.  3io0  w. 
Feb  27,  11  flgs.  1300  w.  Each  20c.  Em- 
phasizes tbe  Importance  ot  using  good  ma^ 
terlals  In  repair  work  aad  diacusaes  tbe  quall- 
tlea  of  niokel  ateel 


CIVIL  ENGINEERING 


BRIDGES. 

Arches. 

A  Defeuce  of  the  Elastic  Theory  of  Arch 
.Aiinhs^is  and  a  Caution  Wni.  Cain.  Hiis 
News— i'eb  27,  OS.  I3i)(»  w.  20c.  A  reply 
to  objections  recently  niudo. 

Symmetrical  Masonry  Arches.  Malverd 
A.  Howe.  R  R  Gaa — Mar  13,  08.  4  flgs. 
8500  w.  30c.  Gives  formulas  (or  and  de- 
scribes the  application  of  the  summation 
mc-tlitH]  fitr  d<-^  i  iiiiiiinrt  horizontal  throat, 
bendiiirt  juuui»'uu  at  i-upport,  etc. 
Bascule  Ilrldges. 

RolllnR-Llft  Bascule  iiridge  for  the  Balti- 
more &  Ohio  Ry.  at  Cleveland.  Ohio.  Kng 
News — Mar  12.  08.  2  flgs.  1000  w.  20c. 
Describes  a  sFugle-Ieaf.  single-track  atruo- 
tore  of  the  Scherzer  t>pp.  «rtth  a  span  ot 
280  ft.  c.  to  c.  ot  beariugb. 


The  Bascule  Bridge  Between  Portsmouth 
:ni(l  TiviTtoh.  K.  I.    Eng  Rec — ^Feb  20,  08. 

\2  liK'H.    :',(Miu  w.  20c. 

Bihlni-  Floors. 

Staiulanl  Overhead  DriJ^:i'  Floors.  Phila- 
delphia. Eng  Rec — Mar  7,  OS.  5  figs.  1300 
w.  20c. 

Crib  Piera  aad  Howe  Tmases,  Conatmctloai 

Oosts. 

Methods  and  Cost  of  ron.^tri:ctini;  Six 
Crib  Piers..  Tlirc'  Howe  'I'ru'ss  Spnns  and 
One  Steel  Draw  Span,  ltdmaster  &  Fore — 
Mar,  08.    8400  w.  20c. 

Mfectiosk. 

Notea  on  Erection  of  Bridges. — JX.  Ry 
Eagr — Mar.  08.   5  flga.   2700  W.  tie. 
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Civil  Engineers 


Robert  McF.  Doble, 

CoDt  ilf  iiK'  mill  SuperrUlcg  EDgliiMr. 
Expwt  la  Hydro- Electric  Powar  D«T«lopm«it 


htmrcontinental  Engineering  Comptmy 

R.  TnutMliold.  M.  B..  MAUtar 
US  Ub«rtr  flt,  MIW  TOME.  N.  T. 


W«lar|M««fiiig  Elngi 


laVMticatioii.  iUporta.  TaaU.  Plaaa.  Ealimata*  mod  Sp«ei> 
HvMom  for  W«l<fiw— ft—  Md  P>n»r— «f  all 


Waterproofi:.!^-  t-mij  iItm  th«  Mm*  b(::<'ii' itir  traatmaiit  U 
otliar  «fl(laeefia«  proUcou  to  obuis  «oooaiBleAl  uA 

W«  tt»  «Dly  smnltlac  muliiwi  aptelallilit  in 
wfrpfoelat  aot  idOUiiUd  irith  iv  Mil  iaMmt. 


OlVn*poadeDC«  InrtUd. 

lias  BiMdwar.  NBW  YORK. 

WWiam  D.  Marks,  Ph.  B.,  C. 

Consulting  EnKinoer  and  StaUatlclan. 

Btelito  BaUwmri.       on  Motor  cnrs.       Om  Works. 
BIwtric  Llfhtlns  Sutiona. 
t  In  Ou  ui  llMtrMtr  to  Now  Tork  City. 

 "-pOMUifc 

Porii  Sow  BalMlBg^  NBW  TOBK. 


Hydraulic  EnglnMr  ami  Sanilary  Eipart.   

14;!  Liberty  Street,  NEW  TOBX  CITT. 
Sawaraca  aod  Sswa 


C»  A,  P.  Tamer 

M.  Am.  Soc.  C.  E.,  CoD»ultJnK  EnglnBcr. 
Brld«aa,  Bundioc*,  Manulaetarlnc  Pianta. 


810-818  Pboanix  Bids..  MINNBAP0U8.  MINN. 


W,  W,  Young, 

Conaaltlnc  Enciaaar. 

BzAmtoatlons.  BatlmftUa,  Financial  and  Bnclnaarlnc 

Box  199  Oan.  P.  O. 

St  Paul  Bids..  NBW  YORK. 


Contractors 


The  Arnold  Company- 

eN«lNeeRS-CONSTIIUCTMIS 

eLBcrmcAL  -  civil  -  michanical 


Battle  Creek  Bridge  Co, 
ENGINEERS   AND  CONTRACTORS 

R<>iiifiir<'<'<i  Coii'  TPto  Uri'lL'"* 
Steal  and  WtKKlen  Bn.lKi-*,  Piln  ririrtng 
Foundations.  l'liin«,  ••t^:. 

BATTLE  CREEK,  MICU. 


Faiymite  Engineering  &  Contracting  C9*$ 


CiTlI,  Mining  ui4  OoBtnetlns 

Herbart  U.  CrawlM. 

L.  C-  MechllnR. 


^^SpagaKly^^^MtTOgjott^jrfCoal  and  Coka  Planta  aad 


UNIONTOWN.  PA. 
Rmaeb  OOtoo.  BBOWNSVILUI.  PA. 

TECHNICAL  ILLUSTRATING 

l8  oar  specialty.  Wq  are  prepared  to  iUua- 
tmfi  toebDioM  IKemtufe.of  all  klada.  textp 
bookB,  lumo-imifca.  pampMottkeotolasnooaiul 
utpoit  lunflaMior 


periodloalo.  Only  4Utp0|t  1 
ployed.  QlfewBtlfiu.  W«| 

lactioD. 

THE  TECHNICAL  ILLUSTRATING  CO. 


Box  S65 


iSCRANTOK,  PENIV. 


SituAtioQS  Wanted 

ITatn  tnrChor  Botteo  wo  win  mibiuh  wttkont  eluuio 

iidTertlaamanta  from  our  r««nji8r  iubscntiart  wtio  sow 
employmant.  ItAke  ih'jLn  brief  ileplles  may  b«  laat  !■ 
<ur  caro.   Tbo  charga  to  othara  la  two  cants  a  word. 

CBMKNT  CHBMIST.  tamttlar  wtth  dry  proceas,  daairoa 

petition  a»  cblet  cbemlat,  or  aioli'tnnt  with  i>roir<'ctJ« 
of  ndvari' oment.  Graduate  (.'h.  K  ,  WostiTn  I'niTrr-  t  j  of 
Pa.  AddresB  "Cbemlst,"  care  of  Tbe  Enginevring  DLgoft. 

GRADUATE  MEICIIANICAL.  ENOINBBR  (80).  ozparl- 

pnrrd  In  (Icrtrlral  ciiKlnrcring  Anct  a  mai-hlniRt  by  trade, 
(lt>.sirp3  a  lEoaltion  us  HupiTinlfinlpiif  or  usslst.Tnt  managar 
d(  mnchlufi  mauufacturlaK  pKUibllahiueui.  Experlenead 
Id  power  plant  conatruL-tioc.  ino'UrD  macblne  abop  prac> 
tlc«  anrl  (lusSnesa  methort-i.  Havp  handled  men  aoccaaa- 
fully.    Arttlrp.-s.  JSl'i.  (  :\ri^  KriKlnrorlng  Digest. 

POSITION  WITH  orPORTUNITY.  by  employed  gradu- 
ate mechanlral  enElneer.  Have  had  one  y<  n  ^  i  jpeii- 
ence  in  njanufacturlng  plant,  one  year  teatlag  aad  com- 
patUw  rolBlOreod  eononto.  Cas  naadlo  non. 
^b7b.  T.."  caro  ot  Vbrn  KngtoeeHiig  PIfot 

PATENTS 

Patent  SoHdtor  and  CounMl.  PBtent  ONlce  and 

Court  Practice.   High  Class  Service. 
WILLIAM  T.  JONES.  Attorney   and  Counselor-at- 
Law.    Suite  2  7  Mei^erotl  Bldg..  WashiaglOO.  D.  C. 


TRADE 
MARKS 


COPY- 
RI6HTS 


Patroiiisa  KNOINBSRINQ  OiaEST  Advortloors  Whoa  You  Caa. 
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Latth-iiiK  vs.  Pin  Connections. 

Riveted  Lattice  or  Pln-Connectlon  for 
Railroad  Bridges,  An  Answer  to  the  LattUM 
Argument,  c.  A.  P.  Turner.  Bnc  Newe— 
reb  37.  08.   8400  w.  tOc 

Xmdng  Compression  Menil»eR. 

The  LAcing  of  CompresBton  Members. 
Clyde  I.  Morris.  Bng  News — Feb  27,  08. 
1  llg.  3000  w.  20c.  Mathematical  <  om- 
muAleatlon  giving  reason  for  assumptions 
made  In  a  previous  letter  on  thn  subject. 

The  Latticing  Hrqulrements  of  Bullt-iip 
Steel  Columns.  F.  Von  Emperger.  Beton  u 
Eisen— Feb  19.  08.    1  flg.    2500  w.  81.00. 

Quebec  Bridge. 

Finding  of  the  Canadian  Commission  on 
the  Quebec  Bridge.  £ag  News — Mar  12.  08. 
1400  w.  80e. 

Aeinfnrred  Coru  rctf  Bridges. 

Cost  of  Concrete  Highway  Bridges  and 
Culverts  in  (iteene  County.  Iowa.  Bntf 
Contr — Mar  4,  08.    900  w.  20c. 

Ferro-Concrete  Highway  Bridges.  Sur- 
veyor Foh  7,  OS.  1,^  tips.  1900  w.  40c. 
Au  illustrated  descriptluu  of  some  recent 
examples  in  Great  nritain. 

Jtethofi  and  Cost  of  Molding  Large  Con- 
crett  Ill  s  for  Girder  Bridges.  Rdmaater 
ft  Fore — Mar,  08.    2  figs.    900  w.  20c. 

Reinforced  Concrete  Bridge.  A.  F.  Wells. 
Can  Engr — Mar  os.  3  figs.  1200  w.  20o. 
Describes  highway  bridge  of  30-ft.  span. 

Some  Reinforced  Concrete  Bridges  In 
Italy.  Ck>n  ft  Constr  Eng — Mar,  08.  5  figs. 
1700  w.  «0c.  Illustrates  ilome  excellent 
eramplea  of  Italian  reinforced  concrete 
bridfre  work  constrncted  bv  Slg.  Leonard!, 
or  Milan. 

The  WaKaraw  Hridse  at  Paterson.  Eng 
Rec — Mar  7,  os.  :;  tics.  lOoo  w.  20c. 
Dpcrribes  a  new  three-span  reloforced-con- 
( rote  structure,  320  ft.  long,  over  the  Pae- 
salc  Klver. 

String  Bridge. 

New  Swing  Bridge  Over  the  River  Hull 
at  Sculcoates.  Hull.  Bngg — ^Feb  21,  08.  4 
ftga.  1500  w.  40e.  Conduded. 


Formulas  for  Estimating  the  Quantities 
of  Materials  In  Timber  and  Pile  Trestles  and 
Hints  on  Estimating  Costs.  Rdmaster  ft 
Fore-    Mar.  OS.    1200  w,  20c. 

Viaduct. 

The  Cap  Rouge  Vmi  n  r  Eng  Rec — Feb 
22,  08.  4  figs.  4000  w.  2f)c.  Describes  a 
single  track  structure  about  3,SI5  ft.  long 
over  all,  with  a  maximum  heignt  of  nearly 
173  ft.  from  low  water  to  base  of  rail. 

E.\RTH\\ Oltlv.   ROCK  EXOAVATIOX,  ETC. 

DlgginK  I'"le  llolos,  Cost  of. 

Th-  Cost  of  Digging  Some  600  Trolley 
Pole  Holes.  Eng  Contr — ^Mar  4,  08.  3  Age. 
1800  w.  SOe. 


Railway  BSmboknent. 

Building  a  Railway  Embankment  bv  the 
Hydraulic  Method.  Geo.  H.  Moore.  Eng 
News— Mar  12,  ns.  2  figs.  1300  w.  20c. 
Describes  method  used  on  a  750,000-cii.  vd. 
embankment  in  \\'ashlngton. 

Cost  of  .MaKlriK  Hallway  KTiihankmente 
with  Wheelbarrowt;,  Showing  tho  Economy 
of  Piece  Work.  Wilmer  Waldo.  Rdmaater 
ft  Fore— Mar,  08.   1600  w.  SOe. 


The  Cost  of  ExcavatfnR  Trenrhe.n  bv  Hand 
for  Electrical  Conduits  in  Baltimore,  Md. 
Eng  Contr — Mar  ll,  08.    1200  w.  SOe. 

Wheel  Scrapers  vs.  Drag  Scrapers. 

Comparison  of  the  Cost  of  Wheel  and 
Drag  Scrap*!r  Kxravation  on  a  Job  in  Mis- 
sissippi. Eng  Contr — Mar  4,  08,  1000  w. 
20c. 


ENGINEBRLKG  CON8TRUCTION< 

Bin>;. 

Storage  Bins  for  a  OermnB  PlMtor  Vorks. 
R.  Von  Terzaghl.  Beton  u  smen — T^ib  19, 
08.  IS  flgs.  2000  w.  $1.00.  Gives  detaUs 
and  calculations  need  In  the  design. 

BnUdiags. 

A  Cement  Storage  House  with  Separately 
Molded  Relnforced-Concrete  Members.  Eng 
News — Feb  20.  08.  1700  w.  20c.  Gives 
costs  of  mannfacturlng  and  erecting  the 
tolumna,  girder  and  roof  slabs. 

A  Relnforced-Concrete  Building  with 
Concrete  Domes;  Cincinnati  Zoological  Qar- 
den.  8ng  News — Feb  20,  08.  5  flgl.  1600 
w.  20c.  Descrihes  an  InterestlBg  examslQ 
of  the  use  of  reinforced  conovte  for  struo- 
tnres  of  a  light  and  ornamental  eharncter. 

Coalij  oo  a  Relnforced-Conereto  Factory 
Building.  Eng  .News — .Mar  5,  OS.  400  w. 
20c.  Gives  the  itemized  cost  of  a  relnforced- 
concrete  factory  building  recently  erected  In 
Walkervllle,  Ont. 

Fireproof  Storage  Warehouse.  Joseph  B. 
Baker.  Ins  Engg — Mar,  OS.  5  figs.  2200 
w.  40c.  Describes  the  buiidlug  of  the  Se- 
curity Storage  Company  of  Washington,  D. 
C. — Uuilt  ill  units  at  different  times,  the  units 
having  independent  walls  and  designed  with 
the  idea  of  localizing  lussea  from  fires. 

Reinforced  Concrete  Construction  tn  Bat* 
ler  Bros.'  New  Building.  E.  W,  Maztoii. 
Con  Bngg— Feb.  08.  4  figs.  2500  w.  SOc 
Conrhided. 

Stru'tiiral  St.-.-l.  Ernest  G.  Beck.  Mech 
WId  K-'h  1  1,  ev  3  (i^;.s,  2000  W,  40e. 
II.    Riveted  Work  (Continued). 

Structural  Steel  Details  of  the  Brooklyn 
Academy  of  Music.  Eng  Rec — ^Feh  8S,  08. 
16  flgs.   2600  w.  SOc. 

The  New  St.  <  l  W.irehou.se  Plant  of  tho 
Carn«>glo  Stef^!  Co..  at  Wnverly.  N.  J.  Ir  Tr 
Itev     Kel)  LMi.  ns,     ;t  figs.     3200  W.  20c. 

The  Reinforced  Concrete  Work  of  tho 
McQraw  Bulldlnf.  T.  L.  Condron  end  I*.  F. 
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Education 

Amair  hililili  «f  Tadnology 

CHICAGO,  ILLINOIS. 

CoursM  ia  Klectrlcnl.  Mechanical,  CItII,  ChemlWl  Mid 
nr«  ProUetloD   EnglDecring   And   Arcbitectura.  OoiB- 
pUMtr  wiuipiMd  laboratoriM  In  all  dapartmnU. 

SOtTTH  BKTHI^ISHBM,  PA. 
HENRY  S.   DRINKER.  President. 
Courses   In   Civil.   Meciiaolcal.    MtnlnK,  Metallurglcai, 
Electrlciil.  mid  Chemical  Englneartng,  In  Elt-etromeuU 
lurgr  and  Chamtstry.  Also  Claatlcal  and  LItprarv  Couni«a. 
For  furtbar  iBtarOMUaO.  fWr  Baflsters    '  -  h  .  Unlveraltf, 

and  for  daacrlpttva  ctrcaian  of  the  di.ii:ri:ut  couraaa, 
addraaa                                      THIS  REOISTBAB. 

ElufciHi  Sefcafll  itf  TaihialiMi 

Ttenuw  8.  CUlkMa  Mcmortal.  PoMam,  N.  T. 
Orfanlsad  uadar  diartar  of  tha  VnlTeratty  of  the  SUta 
of  Now  York.    Conn«a  1»r4Idf  to  deirreei  of  Bacbolor 
of  Belanea  to  Chamleal,  Civii.  i^iectiicai  and  Hechanleal 
BnKtn««rln(.  comprtaliic  four  y»ara  of  tboniuich  trainlDg 
•BO  raeldaot  coiiac*  W9tk  la  tkaorr  and  pracUea  of  anrt- 
aaartns.    Tba  Oarkaoa  BuUaUa.  puUUbad  quartarlr. 
■allad  «n  ap^UafettOB. 

WM. «.  AUMUCH;  DiTCMar. 

Renseber  Polytechmc  Insfatate, 

TROY.  N.  Y. 
A  SCHOOL  or  ENOINESRINO  AND  SCrENOB. 
Roads.  Railroad!.  Bridges,  Roofa,  Arcb<>i>.  Dams.  Staaat 
EnKinci.  BiMtrte  Koclnoa,  Dyoamoa.  Turbloaa.  Ponsda- 
tioss.  Watar-Worka.  Tannela,  Sawwa.  Rtrara.  Oaaali^ 
Cfa«mlcal  Aaalyala,  Mln«raIo«y.  MataUurfT.  Aaaaylaf; 
For  aataksoa  or  othar  lafinutlaii,  aoSiaML 

OHIO   NORTHERN   I     I\  ERSITY.    ADA.  OHTO, 
CourSM  In  CItH.  Mechan'         Llectrlcal,   Mlrj:nK.  Sani- 
tary, Miinlri'il  \rchltectur« 
THOROtTGH.             PRACIICa:.  ECONOMICAL. 

Scbool  Id  nep-iton  the  en'lr.n  year.     No  time  Jdni'  tor 
gradnatiOD.    No  fcca.    Eotar  any  time.    W«  glTe  atudenta 

vtat  thtr  o««d.  wbaa  thn  aaad  it 

1^  pampblat.  catalovaa,  or  Information,  addraaa, 

THOS.  J    SMULL.  Dean. 

Rtte  Polftocliie  liiliMt, 

TRRRE  HAUTE.  TND. 

Cour»ea  in  Uecliaclcal,  Elaclrlca]  and  Civil  Bncinaartns> 
Arehltaciura  and  Ohaualair/»    Bstaaalva  Shapa.  Omb> 
pletoly  aquippad  Labaiatiffta  to  all  Papartvapta.  at* 
paaaaa  Unr. 

fiar  aatetofva  «r  ipirtal  MlaMatkn,  afltraaa, 

0.  L.  MrnBi  FNiMaat 

A  Serial  Sequel  to 

Gillette's  "Cost  Data'* 

Those  of  the  10,000  purchasers  of  Uillette's  "Hand  Book  of  Cost  Data" 
who  have  not  already  subscribed  for  "  Engineertnjt'Cmtrueting"  will  do  welt  to 

send  for  a  sample  copy,  for  the  articles  on  ^iETIIOI)S  .\NI)  COSTS  in 
Engineering- Contr<uiing  "  really  form  a  serial  sequel  to  Gillette's  "Cost  Data." 
Those*  who  have  not  already  purchased  Gillette's  "  Cost  Data  (600  paees  of 
costs  for  $4)  will  also  do  well  to  send  for  sample  copies  of  **  EngintrrinR- 
Contracting,  '  for  they  will  learn  what  Gillette's  "  Cost  Data  "  is  like.  Mr.  Gillette 
has  recently  completed  his  appraisal  of  all  the  railways  in  the  State  of  Washington 
— property  worth  a  quarter  of  a  hillion  dollars — and  now,  as  managriiiE:  editor  of 
"  Etigineering-Canlrcuting,"  he  is  writing  a  series  of  articles  covering:  the  cost  of 
every  item  of  railway  construction.  Mr.  Daniel  J.  Hauer,  as  editor  of  the  Earth 
and  Rock  Section  of  "  /''nQi/ttrn'tii^-ContrnitinK."  is'  frivinq:  new  and  valuable 
matter  on  economic  methods  of  excavation  and  itemized  costs.  The  paper  can 
best  be  judged  by  sample  copies,  which  we  will  gladly  send.  Since  "  Engineering 
World  "  was  purchased  and  absorbed  hy  "  Ensiinccrinfi  Cont ra^  i inji T  the  subscrip- 
tion rate  has  been  $2  a  year  (52  issues),  but  for  the  next  few  weeks  a  year's 
subscription  may  be  had  for  $1 ;  Canadian  subscription,  $2.  Send  for  sample  copies. 

ENGINEERING-  CONTRACTING 

353  Dearborn  Street,  Chicago,  III. 
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Sinks.  E.  W.  Stern,  L.  J.  Meusch  and  P.  E. 
Stevons.  Proc  Am  Soc  C  E — Feb,  08.  17  figs. 

700  0  w.  8 Or.  Discussioa  eontlmifd  tram 
Jaa,  1908,  Proceedings. 

Two  Building  Types  Tested  by  Fire.  Ce- 
ment Age — Feb,  08.  4  figs.  1000  w.  20c. 
Gives  a  contrast  between  two  structures 
recently  destroyed  by  fire  In  Now  York  City, 
which  shows  th9  superiority  of  concrete  as 
a  llre-reilAtlnc  ouiterJal. 

Ckdssoii  DiseAse. 

Caisson  Disease.  Engr  (Lond) — Feb  14, 
08.  2000  w.  40c.  Gives  a  siNiimary  of  a 
memorandum  appearing  in  a  recent  reiport 
of  tba  BrlClflfa  Admlraltf. 

OUmiieTs,  Heat  Otmaee  te. 

Heat  Expansion  Stresses  in  Chimneys. 
Bngr  News — Mar  5,  08.  1000  w.  20c.  Gives 
formulas  for  cakuiatinc  tbe  tempentnre 

stresses  in  chimneys. 

Items. 

Electrically  Operated  Sluice  Gates  and 
Drop-Timber  Regulator  Gates  for  the  La- 
guna  Dam.  F.  W.  Hanna.  Eng  Nowfl^ 
Feb  27.  OS.    4  figs.    3000  w.  20c. 

Structural  Steel  Dams.  F.  H.  Bainbridge. 
Ind  Mag — Fob.  08.  9  figs.  4 3 00  w.  4  0c. 
Describes  a  number  of  atructurcs  and  gives 
metliods  of  design,  etc. 

The  Construction  of  the  Lapuna  Dam, 
Colorado  River,  Arizona.  Edwin  D.  Vincent. 
ms  Newt— Feb  27.  08.  i  flgs.  2200  w. 
20c  Deierlbea  tbe  oonttniction  of  tho  dam, 
which  l8  tbe  key  to  Tnma  project  for  tho 
irrigation  of  some  90,000  acres  of  land. 

The  Raising  of  the  Assuaa  Dam.  Engr 
(Lond)-— Feb  21,  08.  1600  w.  40c  Dla- 
cuHbes  the  helffbtonlnc  of  thia  dam,  now  In 
progress. 

Fmindations. 

A  Steel  Pile  Foundation  io  a  Quiclcsand 
Pocket.  Bng  Reo — ^Feb  22,  08.  1800  w. 
'20c.    Describee  eonstrnetlon  used  for  a  16- 

Btory  bufldins  In  New  York  City. 

Defective  Fountlafion  at  Mt.  lloyal  \\"ater 
Works  T'umpinK  Station,  Baltimore.  Md.  Al- 
fred M.  Qulcl£.  Eng  News— Mar  12,  08.  5 
flga.   SOOO  w.  SOe. 

Loading  Toet  of  a  "Compressol"  Founda- 
tion Pile.  P.  Von  Emperger.  Bcton  u 
Eisen — Feb  19,  08.    8  fl^'s.    ,'.000  w.  $l.nil. 

Small  Piles  (or  Underpinning  Buildings. 
Bng  Roe — ^Feb  29,  08.   400  w.  20c. 

.=;oirie  T.r  ssons  from  a  Cofferdam.  W.  II. 
Bougluou.    Eng  Rec — Feb  29,  08.    1400  w. 

20c.   Paper  read  beforo  tbe  Oblo  Bnglneor- 

Ing  Sociuty. 

Underpinning  Bufldlnge  Adjacent  to  tbe 

Bridge  l/oop  Subway.  New  York.  Bng  Rec 
— Mar  7.  08,    1  flg.    2100  w,  20C. 

Grain  Elevator. 

Mamiii'  tl  K.  in  forced-Concrete  Grain  - 
valor  in  .Minucapolls.  Mian.  Cone — Mar.  08. 
800  w.  20c. 


Pipe  Laying  Costs. 

The  Cost  of  Laying  6  and  8-in.  Wrougbt- 
Iron  Screw-Joint  Pipe.    B.  B.  Harper.  Enc 

News.    Feb  27,  OS.     ?  fli^'!,    ^TOO  W,  SOc. 

Reinforced  Concrete  Constraction. 

Adjustable  and  Portable  Forma  for  Con- 
crete Bnlldiag  Conatmetlon.  Wag  Nowa — 
Mar  6.  08.    4  flga.    7000  w.  20e. 

A  Hoist  for  Feed  in.?  Material  to  the  Con- 
crete .Mixer.  Eng  News — Mar  5,  OS.  2  figs. 
1100  w.  20c. 

A  Practical  Sjrstem  for  Reinforcing  Con- 
crete. H.  F.  Porter.  Can  Bngr — Mar  6,  08. 
4  figs.  2900  w.  20c  Describes  a  system 
using  plain  reinforcing  bars  nnd  providing 

for  conLlnulty. 

A  Traveling  Mold  for  Making  Relnforcc^d- 
Concrete  Pipe.  F.  Teichman.  Eng  News  — 
Feb  20,  08.  4  flgs.  2400  w.  20c.  J3e- 
'  scribes  molda  fmr  a  5-ft.  pipe  used  by  tbo 
U.  S.  Reclamation  Service  on  the  Salt  Rirer 
Project,  Ariz. 

Calculation  for  Reinforced  Concrete  Con- 
struction. H.  Wucsltowslci.  Beton  u  Elsen 
— Feb  19,  08.  5  flgs.  2500  w.  Ji.oo, 
Gives  a  simple  formula  for  use  on  rectangu- 
lar and  T-sectlon  beams. 

Concrete  Sbop  Construction  with  Separ- 
ately Holded  Members.   Bng  Rec — ^Feb  29, 

08.    6  flgs.    3100  w.  20c. 

Cracks  In  Reinforced-Concrete  Beams.  F. 
Von  Emperger.  Zelt  d  Bau — Mar  4,  OH.  8 
flgs.   3000  w.    40c.    Graphical  discussion. 

Economical  Design  of  Reinforced  Con- 
crete Beans.  Elle  Cannes.  Bng  Reo— Mar 

7.  08.  2  flgs.  1200  w.  20e.  CHveo  dla- 
grams  showing  what  percentage  of  reinforce- 
ment  will  give  the  least  expensive  reinforced 
concrete  beam  under  glToa  condltiona  of  coat 
of  concrete  and  steel. 

Graphic  Design  for  Reinforcing  Rectan- 
gular Concrete  Sections.  R.  S.  Peotter.  Cem 
A«»— Feb,  08.  4  flgs.  3000  w.  20c.  Gives 
a  condenaed  analysla  of  tbe  aubject  and 
graphs  of  results  on  logarithmic  croas-oee- 
tlon  paper. 

GrnphoHtatic  Calculations  for  Reinforced 
Comrete  Constructions.  G.  Ramisch. 
Beton  u  Eisen — Feb  OS.  4  figs.  4  000  w. 
$1.00.  Gives  mathematical  relations  and 
graphical  constructions  derived  therefrom. 

New  Researches  In  Reinforced  Concrete. 
M.  R.  von  ThulUe.    Beton  u  Eisen — Feb.  19, 

08.  4  fli^R.  1200  w.  $1.00.  Discusses  the 
effect  of  rt'pt'ated  loadings  of  beams. 

Reinforced  Concrete  for  Post  OlBce  Build- 
ings.    Con  &  Constr  Xng<— Mar,  08.  It 

flgs.    n2  00  w.  60c. 

Heinlorced  Concrete  In  Reservoir,  Aque- 
duct and  Conduit  Construction. — I.  E.  R. 
Matthews.  Con  &  Constr  Eug — ^Mar,  08. 
6  Uga.    2800  w.  SOe. 

Reinforced  Conrr.  (-  in  flie  Building  of 
a  Cement  Plant.  Can  E^^^  -Mar  C.  08.  5 
Una.  2900  w.  20r.  L).-:(  ribc^5  methods 
used  in  coustructiOK  a  plant  at  Longue 
Points,  near  Montreal. 
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CONCRETE-STEEL   ENGINEERING  COMPANY 

PARK  ROW  BUILDING        Con.ultlna  Engineers  NEW  YORK  CITY 


EPWIW  TMCMEU 


WILIUM  MUCKl 

M  A  M  aoc  c  c. 


CoMrtte-stecl  Bridies  a  specialty. 


More  than  500  spans  built. 


THACHER  BARS 


For 

reinforcina  concral* 


DIAMOND  BARS 


EVERETT- 
McADAM 
Continuous 
Electric 

Blue 
Print 
Machine 


MOST  eof»nomical,  least  cnrrent.  best 
contact,  cafiicBt  to  opcrnt*',  most  com- 
pact, nniforra  in  tone,  variable  spwd,  noise- 
leBB.  Ueeeuiercurj' vapor  hirupe;  uocarbons, 
tracing  cloth  or  celluloid  belt*  to  renew. 
Prints  a  mile  long  with  no  streaks. 

Atk  for  lilt  firal  100  uiort 

REVOLUTE  MACHINE  CO. 
527  West  45lh  St.,      New  York 


A  CORRESPONDENCE  COURSE  IN 
REINFORCED  CONCRETE  DESIGN 

For  enKineers,  architects  or  their  ossistantd  and 
all  men  having  Home  engliieerins  training  or  hx- 
pwrience.  An  un(l(>r8tan«1inK  of  higher  mathe- 
matica  is  noccAsarr,  but  wo  have  a  course  in  that 
also. 

The  course  In  design  Is  written  bjr 
Wilbur  J.  WataoD,  M.  Am.  Hoc  C.  B. 

For  a  few  weeks  we  are  making 
a  reduction  of  40  per  cent,  in 
the  cost  of  this  course. 

PAYMENTS  CAN  BE   MADE  IN  INSTAllMENTS  TO 
sun  THE  STUDENT'S  INCOME 

Pro$peciu»  and  appHeation  blank  upon 
r«<ru««(.     Alto  tend  for  a  rt>pu  of 

CONCRETE  ENGINEERING 

The  only  «n«ineering  and  contracting  journal 
dcvotfwl  exclusively  to  the  coufp'to  industry. 

587  Caxton  Buildino.     Cleveland,  Ohio 
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R«lnforcement  for  ConcretA.  Bmlto  G. 
Parrot.  Ids  Sngg — Afar,  08.  2  figs.  2100 
w.  40e. 

Spiral  Anchoraqi'  for  Concrete  Reinforce- 
ment. Daniel  B.  Liiten.  Em,'  Npws— Feb 
27,  08.  3  flgs.  lii(H*  w.  2<tc.  Cites  In- 
stances where  such  reioforcemeQt  should  be 
emplored. 

The  "Advance"  In  the  Concrete  Age. 
Lt.-Col.  J.  Winn.    Con  &  Constr  Enp — Mar 

08.  4  700  w.  60c.  Summarizes  the  prin- 
cipal features  of  the  development  of  rein- 
forced concrete  in  Great  Britain  dartnar 
1907. 

The  Investigations  of  C.  Bach  on  Reln- 
forced-Conerete  Beams.  K.  Bernhardt  Z  V 
D  I->Peb  8,  08.  18  flea.  3000  w.  60c. 
Deenibea  n|»parattts  used  In  Herr  Bach's 
tests  at  the  Royat  Terhnlcal  Behool,  Stutt- 
gart, and  gives  iho  rmiiiasiona  arrived  at 
from  the  results  obtained. 

'l'ht>  Miimifadure  of  Concrete  UcitiforcinK. 
Ir  Tr  Rev— Mar  12,  OS.  11  flgs.  1600  w. 
20c.  Describes  the  process  of  making  Kaha 
tnissed  bars  and  expanded  ihetais. 

The  Treatment  of  Concrete  Surfaces.  E. 
B.  Green.   Bng  Rec — ^Feb  22,  08.    8400  w. 

Retalnlnir  Wall  of  Concrete. 

Cost  of  Mlxfric;  and  PL'k  inj;  Conrrete  for 
a  RetHinitiK  Wall.  Rdmasler  &  F- — .Mnr,  08. 
1000  w.  20e. 

Boofti. 

The  Failure  of  tiie  Coiureto  Hoof  of  the 
Lawrence.  Mass..  Filter.  Kng  News — ^PSb 
27.  OS.    1  llg.    1000  w.  20c. 

The  New  Roof  of  Charing  Cross  (London) 
StaUon.  Bngg— Feb  1,  08.  44  flga.  2400 
w.  40c. 

Seirer. 

An  Intercepting  Sewer  In  Salt  Lake  City, 
Utah.    Bng  Rec — Feb  22,  08.    1  llg.  1000 

w.  20c. 

Sheathing  Piers. 

Sheathing  Piers  on  Lake  Erie  with  Divers. 
Wilson  T.  Howe.  Eug  News  F<'tj  2o,  us. 
1700  w.  2Uc.  Describes  method  used  in 
a  particular  Inatanoe.  with  cost  data. 

Stone  Cut  tint:. 

stone  Groining  of  a  Semi-Circular  Apse. 
John  A.  .Marshall.  Stone— .Mar,  OS.  12 
flga.  1300  w.  40c.  Shows  the  setUng  out 
and  construction  of  an  ordinary  Ck>thic  vaolt. 

TnA  laevatloiB.  . 

The  Fortieth  Street  Track  Elevation  of 
the  Chicago  Junction  Ry,  R  R  Gas — Feb 
21,  06.    8  flgs.    1600  w.  20c. 

Tutn<'K 

Mi^jli-T'.  ii:-.-  autl  liock-rres.sure  Dif- 

ftculti' s  in  l>.-ii  l  innels.  Chas.  W.  Corn- 
stock.  .Min  He- — K.-b  I^i.  OS.  1500  w.  20c. 
Abstract  of  article.  "The  Great  Tunnels  of 
the  World."  Proc  Colo  ScientlQc  Society. 
Dec  7,  07. 


The  Opening  ot  the  First  Hudson  Rlvw 
Tunnel.  Bng  News.  Feb  27,  08.  8  flgs. 
5800  w.  20e. 

Waterprooflng  Cement  Stmctnres. 

Waterproofing  Cnnent  SiriKturos.  James 
L.  Davis.  Cem  .Ago  —  Fob.  us.  4i»00  W,  20c. 
Paper  read  before  tlic  National.  AssociattOn 

of  Cement  users,  Buffalo,  Jan  20-25.  08. 
MATERIAIA. 

Cement. 

'A  New  Rotary  Kfln  Cement  Plant  Bngr 
(Lond)— m  28.  08.  10  flgs.  8900  w.  40c. 
Describes  a  new  plant  at  Qreenhithe,  Eng- 
land. 

Calcltifit ion  of  Lfnie  ant?  Clay  Mixtures  to 
Make  Port  land  Ceiiu'iit.  K.  J.  BmI.  CoUC 
—Mar,  OS.    4400  w.  20c. 

How    to    calculate    Portland  Cement 

Clinker.  Chem  Engr — Feb.  08.  8000  w. 
40c.  Gives  method  for  calculating  the  com- 
position from  the  analyals  of  the  raw  mate- 
rial. 

Portland  Cement  and  Blast  Furnace  Slag 
Cement.  H.  Wedding.  SUhl  u  Blsen — ^Feb 
12.  OS.   6000  w.   OOe.  Otves  a  comparison 

of  their  respective  properties. 

The  .New  Mill  of  the  California  Portland 
Cement  Cf)nii<any.     Eng  Rec — Mar  7,  08. 

6  flgs.    3>iOO  w.  20c. 

Stocl,  Corrosion  of. 

The  Corro.slon  of  Steel.  Allerton  S.  Cush- 
raau.  Jl  Krankl  inst — Feb,  08.  3700  w. 
80c.  Papor  road  before  the  Franklin  Insti- 
tute, Nov  21,  07.  Gives  a  brief  explanation 
of  the  electrolytic  theory  ot  corrosion. 

Wood  Freservatloii. 

Treating  Wood  that  is  Refractory  to 
Treatment  and  Also  Subject  to  Dcrav.  Da- 
vid Allerton.  En«  .N<  \vs  l"eb  1:0,  OS.  lt;oO 
w.  20c.  Abstract  of  a  paper  read  before 
the  annual  meeting  of  the  United  States 
Wood  Preservers'  Association,  at  Kansas 
City.  Jan  21-23. 

IlIVFRS.  CAN  ALS.  H  VHilOKS. 

Drcnkwutcr,  Aransun  Pass,  Tex. 

History  of  the  Reaction  Breakwater  at 
Aransas  Pass,  Tex.  Lewis  M.  HaupL  Jl 
Frank!  Inst— Feb.  08.  7  flgs.  12,000  w. 
80c.  Paper  read  before  the  Franklin  Insti- 
tute. Jan  15,  08. 

Canal  Haulage. 

.Mechanical  Haulage  on  Canals.  Fngr 
(Lond) — Feb  21.  OS.  3  400  w.  40C-  Gives 
evidence  presented  to  the  Royal  Oommlsrion 

on  canals  and  wntTwavn. 

NoteF  on  I-'lic* i)(  liaiila^o  of  Canal  BoaLs. 
Lf'wis  H.  stiiiw.-ii  and  tl,  St.  Clotr  Putnam. 
Proc  Am  iiisi  E  K  .Mar.  08.  24  flgs.  9000 
w.  80c.  A  paper  read  before  the  American 
InsMtttte  ot  Electrical  Engineers.  Mar  18, 
08. 
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Edge's  Weight  Computer 

for  Structural  Shapes— i^v*  $2.00 

**A  Very  Usclul  and  liclpiul  Instrument.''— Construction  Co. 

"^HIS  is  a  convenient  and  low-priced 
labor-saving  device  by  means  o(  v^hich 
the  wetght  of  anjr  ptate,  from  the  tmalieat 

61Ier  to  the  largest  rolled  web  plate, 
angle  bars  and  beams  of  any  length  can  be 
{ouad  in  a  lew  seconds  without  multiplica- 


tion or  reference  to  boolcs  or  tables. 
Elrrors  are  entirely  eliminated;  weights 
•re  definitely  naflced  on  ike  reault  ictte. 

The  eomputer.  several  times  as  rapid  M 
a  slide  rule,  will  save  iu  coat  in  t%ifO  or 
three  days. 


AGENTS  WANTED  EVERYWHERE 
Liberal  Discounts 

Send  for  Descriptive  Circular 
The  Edge  Computer  Sales  Agency,  Room  9K,  220  Broadway,  New  York 
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Erosion  of  the  Coast  and  Its  Prevention. 
P.  W.  S.  Stanton.  Public  Wks— Jan-Mar,  08. 
1  fig.    taOO  w.  60c. 

Dredging. 

Dredging  Froien  Ground  In  Klondike. 
Jolm  Hutcblns.   Ehig  lb  MlD  Jl— Mttr  T,  08. 

1800  w.  20c. 

Hydraulic  Dredge  for  ReelmlnliiK  Lftnd 
tor  linoola  Park.  Cbtesfo.  Bteg  Nem — 
Feb  27,  08.   8  itga.   1800  w.  80c. 

The  Frubling  System  of  Suction  Dredg- 
ing. John  Reid.  Eng;  Npws — Mar  5.  OS. 
3  flgB.  :M00  w.  2'ir.  Dppfribf.s  a  system 
In  whlrh  the  material  is  not  only  loosened, 
but  Is  secured  by  a  mechanical  cutting  of 
the  surface,  and  in  which  the  inrush  of  vas- 
ter at  the  auction  pipe  entcanee  la  oon* 
trolled. 

Irrigation. 

Lining  the  Ditdiea  and  Reservoirs  to  Pre- 
vent Seepage  Loaaes.  Prof.  B.  A.  Btche* 
verry.  Irrtg  Age — Mar,  08.  5  figs.  1800 
V.  80e.  DlacQaaes  the  use  of  river  bonldan 
or  cobbles  eet  In  cement  mortar. 

Mr. 

Reinforced  Concrete  Leading  Jettv  on  the 
Mancheeter  Ship  Canal.  Con  &  Constr  Eng 
— Mar.  08.  C  flga.  800  w.  80e. 


Defenses. 

Reinforced  Concrete  Sta  Defenses.  H. 
Huisman.  Cone  &  Constr  Eng — Mar,  08. 
10  figs.  2400  w.  60c.  II.-^Dutcb  Ex- 
amplea. 

Waterwnys. 

Preliminary  Report  of  the  Inland  Water- 
ways Commission.  ( Condensed.)  Igpy 
News — Mar  5,  08.    7000  w.  20c. 

The  New  York  Barge  Canal  va.  the  Deep 
Waterway.  Eng  Newa— Mar  5.  08.  8800 
w.  80c  Oonnnnnlcatlon  from  Col.  T.  W. 
Symona,  and  editorial  comment  on  same. 


SVBVBYINGf  M£XSURATION.  ETC. 

Alidade,  Eccentricity  of. 

The  Eccentricity  of  a  Three-Microscope 
Alidade.  Claude  W.  L.  Fllkins.  Cornell 
ClT  Bngr^Feb.  08.   8  flga,   8000  w.  40e. 

AatronomloAl  Bearings  by  Sun  Observations. 

Astronomical  Bearings  by  Sun  Observa- 
tions. D.  D.  James.  Can  Engr  -Mnr  6.  OS. 
2800  w.  20c.  Describea  a  simple  and  accu- 
rate method. 

Bencli  Level  Operations. 

Bench  Level  Operatiooa  on  the  Catskill 
Aqueduct  Line.  M.  E.  Zlpcar.  Bag  Newa^ 
Feb  80,  08.  8  figs.  8800  w.  SOe. 

jUallwny  Curves. 

A  If.-iilway  Location  Problem.  Ent;  News 
-  Mar  r..  o^.  1  life.  1(100  w.  20r,  Gives 
method  used  to  connect  a  crossing  of  a 
straight  and  curved  track  by  a  curve,  when 
both  frog  angles  and  the  position  of  frog  la 
straight  track  are  fixed. 

Curve  Superelevation.  M.  T..  Byers,  R  R 
Gaz  .M;,r  13.  08.  5  fl^s.  ?.r>,000  w.  3  0c. 
A  inatliniiatlcal  study  of  the  suhject,  with 
reconiinendatlons  for  use  under  present  con- 
ditions of  railroad  practice. 

The  Middle  Ordinate  Problem.  Rdmaster 
&  Fore — Mar,  OS.  1100  w.  20c  Otvea  a 
simple  rule  for  figuring  the  middle  ordlnatoa 
tor  dtSwent  degree  eurvea  and  dtir«mit 
lengtba  of  ralli. 

San-eying. 

Practical  Points  on  Surveying.  Charles 
L.  Hubbard.  Machy — Mar,  08.  16  flgs. 
4500  w.  40c.  Describes  the  use  of  transit 
and  level,  methods  of  taking  measurements, 
arrangement  of  notes:  and  the  plotting  of 
results,  with  special  referesoe  to  locatins 
buildingK,  establtshtng  property  boundaries, 
determining  grades  for  drains,  steam  mains, 
etc. 


ECONOMICS 


AdTerlising. 

Keeping  Track  of  Advertiainp.  .T.  Cecil 
NuckolH.  Ir  Age — Mar  5,  08.  1  flKs.  lOOO 
w,  20c.  Gives  forms  used  for  this  purpose 
by  two  Clndnnatt  manufacturing  coaoerna. 

Cost  .^cconntinK- 

Graphic  AualyBes  of  Factory  Costa.  Ed- 
ward T.  Runge.  Factory — Feb,  08.  5  figs. 
1800  w.  40c.  Tells  how  sales,  manufacture 
and  shipmenta  can  be  analysed,  how  par* 
chase  prices  can  be  compared  and  how  the 
relation  betwem  material,  labor  and  ex- 
pense ran  be  immediately  graaped  by  the 
executive. 

Labor-Cost  Distribution  of  the  General 
Electric  Shops,  Lynn,  Mass.  Georgg  F. 
StrattOB.  Ens  Mag— Mar,  08.  6  llgi.  8800 


\v.  I  tie.  Describes  system  at  a  plant  h'av- 
iug  eleven  ttiousand  employees  drawing  a 
total  of  floO.oOO  weekly. 

T.oose-Leaf  Binders.  J.  H.  Haertier.  Mln 
&  Mln — Mar.  08.  13  flgs.  4200  w.  40c. 
Describes  methods  of  recording  data  in 
regard  to  progress  and  coat  ot  work  and  of 
filing  general  information. 

System  in  Contracting  Accounts.  A.  D. 
Williams.  Con  Eng — ^Peb,  08.  1600  w.  80a. 
Continued. 

Engineer's  Olvle  ]>ntlca. 

The  Engine«r  as  a  Man  Among  Men.  Eng 
News — Feb  20.  08.  2  700  w,  20c.  Etc- 
tracts  from  an  address  by  Charles  Whiting 
Baker.  Editor  ot  Engineering  News,  at  the 
TlDlTetalty  of  Vermont,  Feb  10.  08. 
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jb  HIGGINS' 


DRAWINa  IN  KB 
BTBIIHAL  WMTINtt  INK 

cnanoniNO  ink 

TAURINE  MUCILAae 
PHOTO  MOUNTER  PASTS 
DRAWINa  BOARD  PABTB 
UOUlO  M«TK 

ornec  mtrc 

VEOETABLE  OLUE,  CTO. 


Are  the  Fieesturi  Best  Goods  of  Their  Kind 


AT  DEALERS  GENERALLY 


Emancipate  yourself  from  the  ase 
of  corrosive  and  ill-smelling  inks  and 
aiihcsives  and  adopt  the  Hlg^na 
Inks  and  Adhesives.  They  will 
be  a  revelation  to  jrou,  they  are  so 
sweet,  clean  and  well  pot  no.  For 
home,  oflico  or  tchool  OM  Umj  BM 


CHAS.  M.  HIGGINS  &  CO.,  Manufacturers 


271  Ninth  Street,  BROOKLYN,  N.  Y. 


MIDGET  SLIDE  RULE 

8  in.  loni.  with  Macnifrint  CUm  Imiieatar 


Writ*  for  CircuUr  No.  S 

KOLESCH  ft  GO^  138  Fnlloii  SItmI 
New  York 


RkTABLISHED  IHK* 


R.  SEELIG  &  SON 


NAiiWAOTVBxaaor  tbb  Moirr 


Engineering 

^  Surveying 
Instruments 

Tn«tranif<ntH  Carefnllj  Kcpnlred 
nnil  Adjuntril. 

170  £.  Madison  Street 


ENGIN£:£R.ING 
INSTRUMENTS 


Mft  IMf 

Company 

Jaaiiet  Plaia  SUtiM 
BOSTON.  MASS. 

Stndjor  CataUtgvan. 


The**M" 
is  the  very  simplest  instrument  to  take 
aiiart  in  tbe  field  for  lubricatini  ceaten 


L  G.  RUEHLE  &  CO. 


119  Fulton  St..  NEW  YORK  V  ARCHnECTS"  AND  INGINUKS  SUPPLItS 

Manufachirers  and  Importers     IS.'^..'J3i*    *      DRAWING  MATERIALS 
THE  GREATEST  TIME  SAVER  IN  EXIITENOB  m^M^^H 


HE  ENGINEERING  DIGEST  should  Always  be  on  the  library  table  of  every 
II  fe  B  camlut  oofBol  nf  rmiBiMlni  InrlrtlM  nf  Itr  inrr" 


rjiHE  EN< 


PatroBin  BNOINBBRINO  DIOBST  AdTertUers  When  You  Can. 
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FactoiT  Management. 

Cost  Redui^tiori  for  Manufacturing  Plants. 
Maurice  Opsutidhelt  Eng  News — Mar  5.  OS. 
2  flgs.  ."iToo  w.  20c.  A  paper  read  before 
the  Metal  Manufacturers'  Association  of 
Pbiladelphla,  Dee  19,  07. 

Hurrying  Factory  Ordera.  Faetory— Feb, 
08.  2  flgs.  600  w.  40c.  Telta  bow  fac- 
tory production  can  be  closely  followed,  how 
orders  can  be  hurried  and  shipment  prom- 
ises fulfilled  with  less  friction. 

Making  Machines  More  Eliicient.  F.  M. 
Fciker.  Factory — Feb,  O.S.  4  flgs.  2000  w. 
40c.  DlicuMeB  Improvementfl  In  tbe  design 
and  arrangement  oC  abatta  and  belting. 

Routing  Work  Throusrh  the  Shop.  Ir  Tr 
Rev— Feb  27,  08.  7  flgs.  1100  w.  20c. 
Descrilips  the  systoni  and  forms  used  by  the 
R.  K.  Le  Hlond  .Machine  Tool  Co.,  Cincin- 
nati, Ohio. 

Running  a  Factory  by  Schedule.  Robert 
Daily.  Factory — Feb,  08.  3  figs.  1200  w. 
40c.  IV. — Schedules  for  tbe  Blackemitb. 
Shop. 

The  Fnndiiniental  Principles  of  Works  Or- 
gunlaalion  and  .Managenient.  P.  J.  Darling- 
ton. Eng  Mas; — Mar.  O'^.  50  0  0  w.  40c. 
First  of  two  articles  devoted  to  the  sorting 
and  classifying  of  the  special  methods  and 
systeme  used  in  a  large  number  of  shopa. 


Theory  and  Prnetlee  of  Shop  and  Factory 
Management.  Oscar  B.  Perrlgo.  Ir  Tr  Rev 
— Jan  2,  08.  1  fig.  3100  w.  20c.  Fourth 
cf  ii  series  of  artielea  on  cost  keeping  and 

shop  management. 

The  Production  System  of  tbe  Weatlng- 
house  Electric  and  Mfg.  Co.  H.  IL  Wbar* 
ton.  Eng  Mag — .Mar,  08.  t  llgL  420ft  w. 
40c. 

Patent  Office,  Crttlri>»Tn.<(  of. 

Does  the  Inventor  Get  a  .>qu.ire  Deal  at 
the  Hands  of  the  riiited  States  Government? 
H.  Ward  Leonard.  Elec  Wld — Mar  14,  08. 
A  criticism  ni  certain  features  of  tbe  Pat* 

ent  Office  system. 

Ou  the  State  of  the  Paiout  Otnoe.  H.  Ad- 
dison Johnston,  Machy — Mar.  08.  2700  w. 
40c.  Gives  a  detailed  criticism  of  alleged 
faulta  tn  tbe  present  managemeot. 

Speciflcatloiu. 

Approximate  Estimates.  .Alexander  Pot- 
ter. Eng  Rec — Feb  22,  08.  2600  w.  20c. 
Discasaea  tbe  limitations  of  the  use  of  tbe 
pbraae  in  eaglneerlng  work. 

Engineering  Specifications.  Walter  8. 
Tlmmis.  Ir  Age — Mar  S,  Os  2900  w.  20c. 
Gives  suggestions  for  their  tmprovemeat 
and  proposes  a  standard  form. 


ELECTRICAL  ENGINEERING 


EI.EOTROOBEMISTRT. 

Uiaplirogiu  Cell. 

Recent  DeTOtopmenta  tn  Electrolytic  Cells. 
Henry  8.  Renaud.  Eng  &  Mln  JI — ^Feb  22, 
OS.  3  flgs.  1100  w.  20c.  Describes  a 
new  dinitlirn^^m  cell  for  the  decomposition  of 

alkali  chlorides. 

EJLECTROPHYSiCS. 

A.  C.  Commntator  Motor  ThMmy. 

The  Influence  of  the  Short  Circuit  Cur- 
rent on  the  Phase  Shifting  in  Alternating 
Current  Commutator  Motors.  .M.  Osnos. 
Elek  u  Masch— Feb  23,  OS.  58  flgs.  2S00 
w.  COc. 

The  Theory  of  the  Alternating  Current 
Commutator  Motor  in  Its  Relation  to  that 
of  Direct  Current  Motors.  Elek  u  Maacb — 
Feb  2.  08.    18  flgs.    10,000  w.  60c. 

Coinnnitntioii,  Lawf*  of. 

The  Basic  Laws  of  Commutation  la  DyiM- 
mos.  R.  ROdenberg.  Bl^  Zeit — Jan  2S. 
OS.    4  flgs.   0500  w.  40e. 

Induction. 

A  New  Factor  for  Induction:  the  "Loop" 
Ts.  the  "Cutting  Lines  of  Force"  Laws.  Carl 
Herlng.  El  Wld— Mar  14.  Os.  3  flsr<!.  .1700 
w.  L'oc.  A  discussion  favoring  the  latter 
based  vn  a  retenl  experiment  by  the  author. 

An  Imperfection  in  the  I'Bual  Stat<'ment 
of  the  Fundameutal  L.aw  of  Electromagnetic 
Induction.   Carl  Herisg.  Proe  Am  Inst  B  E 


— ^Mar,  08.  4  flgs.  4400  w.  80c.  A  paper 
presented  at  a  meeting  of  tbe  Philadelphia 
Section  of  tbe  Am.  Inst,  of  B.  B.,  F»b  10, 
08. 

IiOMes  in  A.  O.  Motors. 

The  Curve  Forms  of  Current  In  Three- 
Phase  Motoia  and  the  D*»termination  of 
Losses.  K.  Simons  and  K.  Vollmer.  Elek 
S^eit — Jan  20,  08.    11  flgs.     i3oo  w.  40c. 

The  Separation  of  Losses  in  Asynchronoas 
Motors.  Indus  Elec — Jan  25,  08.  15  flga. 
3800  w.  60c. 

Radlo-Actlvity. 

Recent  Researches  in  Radio-Actitrity. 
Bngg-<-Feb  7,  08.  6  flga.  2400  w.  40e.  A 
A  resume  of  a  recent  lecture  at  the  Royat 
Institution  by  Prof.  Ernest  Rtitberford. 

G£\EIl.\TORS,  MOTORS,  TRANSFOR.MEKS. 
A.  C  Motors. 

Single-Phase  Motors  vs.  .Multiphase  Mo- 
tors. R.  J.  Hussell.  West  Elecn — Mar  14. 
OS.  3  flgs.  2300  w.  20<\  I'aiirr  ( ron- 
densed)  read  before  the  Missouri  Electric 
Light.  Gas  and  Street  Ry,  ASSP..  at  St. 
Louis,  Oct  21,  07. 

Converter. 

The  Cascade  Converter.  Elec  Engr 
(I.ond) — Mar  C.  OS.  2  fl«,'<.  1300  w.  40c. 
D<*.'*(ribes  a  machine  cotisisting  of  an  alter- 
oaUug  current  Induction  motor  with 
"wound"  rotor  running  with  a  large  Blip 


APRIL.  1M». 


Digitized  by  Google 


•THE  ENGINEERING  DIGEST 


443 


PAINTING  IN  COLD  WEATHER 

Has  DO  terrors  for  the  painter  using  our  k«d- 
uIdo  kettle  boiled  linseed  oil  pslnts  with  spar 
varniiih  drier— 

Our  Royal  Brand  of  Black  Graphite  and  Bng- 
llsh  Red  Oxide,  at  low  factory  price  of  tiO  cents 
oer  gallon  in  barrels,  will  prevent  rust  and  pra- 
serve  steel,  tin  or  Iron. 

References— Heyl  t  Patterson,  Pittsburg.  Pa., 
and  PencsylTanla  Engineering  Works. 

Paints  or  Varnishes  In  any  quantity  for  any 
purpose,  direct  from  factory. 

NEW  CASTLE  PAINT  &  VARNISH  CO. 

NEW  CASTLE.  PA..  U.  S.  A. 


NEW  METHOD 

TRACING  CLOTH  COPIES 

From  Tracings 

Ai  IcM  than  one-thirlieth  of  original  cotl.  Poti- 
lively  accurate.  Detail*  and  lettering  may  be  added 
or  changed.  No  defacing.  Send  for  full  particulan, 
etlimate*.  etc. 

Electro  Sun  Blue  Print  Co. 

44  Broad  St.,       New  York  City 
Tel.  4070  Broad 


THIS  BOOK   IS  INDISPENSABLE 
to  DESIGNERS  and  DRAFTSMEN 

For  it  contains  an  immense  amount  of  matter  on  pipes,  fittings  and  valves,  etc 
3500  have  been  sold  —3d  edition  ready  soon.  Extra  tables  to  2d  edition  2$c., 
or  bound  together  for  75c. 


a<i  Kitltlfin.  7Ar. 


Read  "DRAHING,"  the  new  magazine 

Four  DATA  SHEETS  each  month    $1.00  per  year 

Sent  with  3d  edition  of  book  for  ....$1.25 

THE  INLAND  PUBLISHING  CO.,  Col lin wood,  "O. 


You  Should  Own 

A   RED  DWARF  INK  PENCIL 

Uuamntee<l  not  to  leak.  Can  be  carrMl  In  any  txjcket  upside  down. 

None  of  the  dinaereeable  features  of  a  fountain  pen. 


Two  8i£eB 

4K  inch 

5W  in.  Long 


1.  -^-J 

1 

J .  KCAiiNC  r  &  C*  LfVCRHML 

E«l)OcIally  adapted  fr>r  rulinK.  ftketching  or  taking  notos.  Satlftfartlon  Kuurantcod  or  luoii^y  refunded 

c^^'e'rir.5r?Sro"f'^p"cT'«"^  the  red  dwarf  agency.  Room  M.  206  Broadway.  N.  Y. 


7  Col.  - 
9  Col.  - 


815 
$20 


OVER 


15,000 


IN  USE 


11^  THKRK  IS  A  RKASON  KOR  IT 

|k   ,  The  "GEM"  Addine  Machine 

CarrloHBiit-inintlr'nlly.  Aummatli-  llciMittlni:  Dovloe.  CoUapn- 
Ihle  h.ildnr.  VInlMo  total.  Tw«>  yp«r«' wrttt'-n  giiarantoo.  To 
pr'T.>  "iir  faith  In  what  It  will  do  lor  you.  it  wilt  tw  acut  on 

TE.f    DAVN*  THIAL   AT  Ol'lt  KXI'KXNK. 

Dood  th»  work  oa  accurately  an  any  Machino  at  any  price. 
Aditrf»$  mt  ptrBonalty 

A.  V.  GANCHER 

AUTOMITIC  looms  MICHINE  CO  .         3K  BIOAOWIT,  HfW  TO«R 


Gc 
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(usaally  69%)  and  directly  coupled  niAclimn* 
leaUjr  to  ft  direet^urrent  dynamo — ^the  rotor 
phaaee  being  eonnected  directly,  without  the 

Intervention  of  slip-rings,  to  a  number  of 
symmetrically  spaced  points  on  the  direct- 
current  armature  irindlng. 

D.  C.  Tiirbo-Gcnorators. 

The     Dovolopnient     of  Direct-Current 

Turbo-Dynamos.     H.  Pohl.  Elek  Zelt — Feb 

6,  OS.  10  figs.  4500  V.  Feb  13,  9  flgi. 
(00  w.  Bach  40c 


TEI^RAPHT  AND  TELBPHONT. 


A  New  System  of  Winding  tor  Polyphase 
Qenemton.  F.  Pungn.  Biek  Zelt— Feb  6* 
08.   3  llgi.   4500  w.  40«. 

TMUUformera. 

Magnetic  Alloy  for  TraiiKformer  I^Iates, 
etc.    Moch  Eugr— Mar  C,  OS.     600  w.  40g. 

Small  Trausformers  for  Use  with  Metallic 
Filament  Lamps.  Blec  Bng — ^Har  6,  00. 
7  figs.    4000  w.  40c. 

Free  Laaip  Renen-nl<i. 

Poor  Light  Complaints — A  Central  S£a- 
tion  Problem.  U.  N.  Muller.  Blec  Jl — Mar 
08.  4  figs.  3000  w.  20c.  Olscooaes  the 
auestlon  of  free  lamp  renewala. 

Ught  Standards. 

Primary  Standard  of  Light.  Charles  P. 
^Inmets.  Proe  Am  Inst  E  E — Mar.  08.  2 

llgs.  1000  w.  80c.  A  paper  to  be  pre- 
wnted  at  a  ftitnre  meeting  of  the  American 
Institute  of  Elfftrital  Enj^iiR'ora. 

The  Luminous  i^roperlies  of  Condufting 
Helium.  P.  G.  Nutting.  El  Wld— Fob  22. 
08.  2  flgs.  2600  w.  20c.  Abstract  of 
a  paper  in  the  bulletin  ot  the  Bureau  of 
Stanilards. 

Iiiagsten  Series  Iiainps. 

Hetal  Filament  Lamps.  Alton  D.  Adams. 

Mun  Jl  &  Engr — Mar  11,  08.  Ifion  w.  20c. 
Defwribes  the  use  of  scries  tungsten  lamps 
for  j,tr'  t  [  lighting  and  gives  a  comparison 
%\  !th  <  ;u  h  n  fH^m^nts  and  mantle  gas  lamps. 

VoltJiiif  V  iiriatiiiu.  LlUVct  of. 

The  Effect  of  Varying  the  Voltage  on  In- 
candescent Lamps.  F.  Hlrscbauer,  £lek 
Zett-^an  23.  08.   7  llgs.    1800  w.  40e. 

PL.W  JS  .V-N  D  CKXTUAL  STATION'S. 

Motor  Loads. 

The  Electric  Motor  T.oad  from  the  View- 
point of  reutral-Station  Service.  Charles 
K.  Ni  hoiH     El  WU — ^Mar  1,  OS.    4  flgs. 

:;f;oo  w.  -Oc. 

Motors,  Applications  of. 

Central-Stations  and  Electric-Motor  Ap- 
pllcaUons.  El  Wld— Mar  7,  08.  2300  w. 
20c.  Gives  an  eztenslTe  list  of  motor  appli- 
cations together  with  the  power  require- 
ments of  the  various  machines  operated. 


le  IJnc 

Practical  SaggaMloas  on  Telephone  Con- 
•tmetfoa  Work.  Bernard  C.  Orodi.  Telo> 
phony — Mar,  08.  1100  w.  20c.  Proposed 
method  that  sbows  the  lowest  annual  cost  is 

almost  invariably  the  proper  method  to  em- 
ploy for  the  construction  work  contemplated. 

The  Standard  Specifications  for  Telephone 
Lines  of  the  United  States  Reclamation  Ser- 
Ylce.  Bug  News — ^Blar  18,  08.  8000  w. 
20c. 

Wireless  Telegraphy. 

A  Direct  System  of  Wireless  Telegra]^. 
E.  Bellini  and  A.  TosL  Elec  Eng— Kar  6. 
08.  10  fl9-   8800  w.  40e: 

TESTS  AKD  MEtASUREMENTS. 

Electrical  Measuring  Instmnients,  Tests  Of* 

Tests  of  Electrical  Measuring  Instmrnenta. 

— ^T.    F,  Loppe.    Indus  EHeo— Feb  tS,  08. 

1^00  w.  aCiv.  Comparison  of  various  m6tlft> 
ods  and  values  for  testing  wattmeters. 


Testing  Electric  Meters  at  Their  Place 
of  Installation. — I.  Joseph  B.  Baker.  El 
Wld — Mar  7,  08.    3  figs.    2100  w.  20c. 

TR.\XS3nSSfoy,  DISTRIBUTION.  CONTROIi. 
Condeasers  on  liigti  Tension  Circuits. 

The  Use  of  Condensers  on  High-Tension 

Circuits.    Elec  Engr — ^Mar  0,  08.    8  flgs. 

1800  w.  40e. 

Conduit,  Labor  Cost  of  Laying. 

Labor  Cost  of  Laying  Vitrified  Clay  Elec- 
tric Conduit.   De  Witt  C.  Webb.  Bng  Newa 

— Mar  12,  08.    1100  w.  20c. 

Current  Biuibes  at  SwUching. 

Current  Rushes  at  Switching.  J.  8.  Pedc. 

El  Jl— Mar,  08.  8  flgs.  1000  w.  20c. 
Gives  explanation  ot  the  phenomena  taking 
place  when  transformers  are  switched  on  to 

a  circuit. 

Gas-Pipe  Grounds,  Resfstanoe  of. 

Notes  on  Kc-istoncr  of  On.'^-Plpe  Grounds. 
J.  L.  R.  Ha>  (l.  ti.  Proc  .\in  Iiiat  E  E — Mar, 
08.  iiKn.  1^00  w.  sue.  A  paper  read 
before  the  American  institution  of  Electrical 
Engineers,  Niagara  Falls,  June  SO,  07. 

Givnniilni;  \ontral  Point. 

Advantages  and  Disadvantages  in  Ground- 
ing the  Neutral  Point  in  Tri-Phase  Instal- 
lations. Indus  Elec — Feb  10.  08.  3200  w. 
00a 

Iimnlatorsi  Manufacture  of. 

HlKh  VoUace  Insniator  Manufacture.  Wal- 
ter i".  Gudilanl.  v'an  Elec  News — Mar,  08. 
8  flgs.  3500  w.  40c.  Paper  read  before 
the  Electrical  Section  Canadian  Soetoty  CItII 
Engineers. 

Poles,  Reinforced  Concrete. 

Method  and  Cost  ot  Constructing  and 
Erecting  Rolatoroed  Concrete  Poles.  Bng 
Contr— Msr  11.  08.    800  w.  80c 
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There  is  'But  One  Standard 
Publication  Upon  All  Forms  of 
Portland  Cement  Construction 


Concrete 


Publishtd  Monthly .  Price  $1jOO  per  year 


q  CONCRETE  is  the  most  widely  read 

journal  in  its  field  and  lias  the  largest 
bona-fidc  circulation  anioni,^  that  class 
of  people  directly  interested  in  the 
cement  and  concrete  industry. 

q  Its  editorial  matter  is  practical  and 
definite.  It  carries  more  advertising; 
than  any  other  joamal  In  this  field  and 
its  advertisers  are  reliable. 

Send  Je*  Cents  for  Sample  Copy 


Cement  Sidewalks 


q  Plain,  everyday  advice  on  how  to 
make  cement  sidewalks  is  contained  in 
our  new  booklet,  "  Cement  Sidewalks." 
This  booklet  covers  every  part  of  side- 
walk making  and  is  desijjned  for  prac- 
tical purposes.  It  is  small  and  will  fit 
into  your  coat  pocket.    Price  25  cents. 


Concrete  Publishing  Co. 

23s  Newberry  Building,  Detroit,  Mich. 


8t.  NSW  TOBK.  M.  T. 

P«tMlt  Cotinselor. 
CABSVUL   ATTINTION    TO     APPLICATION  PRS* 
PARINO. 


EDWARD  S.  DJiiACii. 


Attonnir  aad 
IN  PATBMT. 

ratATION  OASBS. 

60  WMt 


AMD  ooa- 

NBW  TOML 


C.  L.  PARKEiR 

SOLICITOR  OF  PATENTS. 

PaUnU  secured.  ReporU  rendered  u  to  patantaMlltr, 
valMltj  u«  taftlaamnt  PMMi  nlto 


24  mUm  BMff..  WASRDiaTON,  D.  a 


PATENTS 

^'■•^••.MF'^  L*b«l»  and  CoprrlghU.  Bend  tor  mj  trm 
l*^.  il!*.**  a«iTk«m."  U  jou  will  lend  me  •  ransli 
pmdl  anmut  tad  deacrlptton  of  rour  InTontlon,  I  will 
K\re  rou  my  fre«  opinion  as  to  Its  patentability.  It  I 
■ar  tt  Is  patentable.  It  In,  and  you  should  bare  It  pat- 
ented at  once  and  turn  It  into  moaty.  If  it  li  not  patent- 
able, I  will  tall  yoo  ao.  Beat  serrtca  In  ovcry  department. 
Why  not  liaT*  itt  It.eosta  no  more  and  usually  leas  la 
tbe  md.  Oe  Mt  anka  tto  mlalalu  of  uplyli«  for  * 
iMttent  mUl  ftm  ta«*  atnt  for  mr  tra*  TmL  AMm 
(re*. 

JOSHUA  R.  H.  POTTS 

LA\\'YER. 

306  NIntb  St..  WailU&«toD,  D.  a 

SO  DarlMrn  St.,  Chioaco. 

m»  Cbaatoat  St. 


THOniAll  DRKU'  KTl^l'KOM 
108  Foltoa  Street,  New  York 
aad  Mart  UH$m.  taarina  aad  Mm. 


Rife  Hydraulic 
Ram 


Pumps  Water  by 

Water  Power 

Town  Water  Work* 

Railroad  Tanks    Country  Homes   Irriij.iiion  GrcMfeHttt 
No  Atteation   No  Expense    Runs  Contimnntly 

OtwrtlinB  undtf  18  inch««  to  50  l*el  (all.  EJev«le<  w»l«  30 
led  each  fotri  o)  fill.  6,000  in  luccaiful  operation.  SjM  <io  JO 
dayt*  trial,   dlalon  >n<l  etlim«te  free. 

RIFE  HYDRAULIC  RAN  COMPANY 
2190  TMlr  MMhw  NEW  YOKK 


Patr«alw  BNOINKBRINO  DIONBT  AdvwtlMn  Whta  Tou  C»a. 
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Protective  Devices. 

Circuit-Interrupting  Devices.    F.  W.  Bar- 
'    ria.    SI  Jl— Mar,  «8.    11  to.    2000  tr. 
SOc.  Y. — Carbon-Bresk  Clrcnlt  Breakera. 

Protective  Relays.  M.  C.  Ryplnskl.  El 
Jl— Mar,  08.  6  flgs.  1700  w.  20c.  Al- 
ternating-Current Overload  Relays — Single 

and  Polyphase. 

The  Protection  of  Elt^i  tiir  ClroMlts  anrl 
Apparatus  from  Llglittilnt:  and  Similar  Dis- 
turbances. R.  P.  Jackson.  £1  Jl — Mar,  0$. 
IS  flgs.    2700  SOc. 

Bteel  Toirers. 

Steel  Towers  for  High  Tension  Transmls- 
rioa.  Eng  News — ^Mar  12.  OS.  2  Sgs.  400 
w.  SOc.  DMHrUiee  towers  70  ft.  high,  In- 
tended  to  carrjr  two  drcnlts  of  three  wires 
eaeh  traasmlttlng  a  current  of  100.000  volts. 


Suitfhlxiaid  ( >|H'rati<)ii. 

Some  Notes  on  Switchboard  Operation  In 
Alternating-current  Stations.  H.  R.  Mason. 
Powei^Mar  10,  08.   1  flg.   1000  w.  20c. 

3nsCfiLLAN£OU8. 

Electric  Driving. 

Not«8  on  Klectrlc  Driving.  P.  E.  Sever- 
anrr      \'t   Mach — ^Maf  6.  08.    900  w.  200. 

£loctric  Van  Tests. 

Comparative  Teste  of  Different  Types  ot 
Electric  Fans.  Arthur  C.  Scott.  El  WId — 
Mar  7,  08.    7  flps     ?f»00  w.  20c. 

Electric  Power  Possibilities. 

Electric  r<>wrr,  Its  Progress  atul  Poasl- 
bUlties.  A.  H.  Kimball.  El  Wld— Mar  7. 
08.   5  flgs.   8000  w.  20e. 


INDUSTRIAL  TECHNOLOGY 


Acetylene  lllutiiiiiatinn. 

The  Illumination  of  the  Homes  by  Acety* 
lene.  V.  R.  Lansingh.  Acetylene  Jl — Mar. 
08.  13  flgs.  1800  w.  20c.  Paper  read 
before  tbe  Intematlotial  Acetylene  Aasodft- 
tlon,  at  Wasbington. 

Carbon  Bisulphide. 

Process  and  Apparatus  for  the  Prodtietlon 

of  Carbon  BiHulphiflo  in  f )  i!!  'rlc  Fur- 
nace. Edward  R,  Taylor.'  .i  i  l;aiikl  Inst — 
Feb.  0^  13  flKs.  5600  w.  mk  Paper 
read  before  tbe  Franlcliu  Institute,  Deo  5, 
1007. 

Qtm  Engineering. 

A  BuUetla  of  Instruction  on  the  Care  and 
Operatton  of  Recuperative  Benches.  (Con- 
tinued.)     Am  Gas  Lt  Jl — Feb  17,  08.  2 
figs.    22.000  w.  20c. 

A  Combined  Coal  and  Water  Gas  Manu- 
facturing Process.  J.  T.  Wescott.  Prog  Age 
— ^Uar  2.  08.  8  figs.  700  w.  20c.  De- 
scribes one  unit  of  a  water«gaa  apparatus, 
wbleb  consists  of  combining  In  one  plant  aa 
Inclined  coal  gas  retort  connected  with  an 
ordinary  water-gas  generator. 

Operation  of  Recuperative  Benches.  W. 

A.  Baebr.    Prog  Age— Mar  2.  OS.    4  figs. 

8800  w.  20c.  Paper  rend  before  the 
American  Oas  Instlt'iff,  Oot  ir>-1R,  07 

Tho  "T?f>ad1n<^!«s  io  S-tvi  "  f'ost  of  Gas 
Siipp]v.  W.  11.  Cardin-T.  Am  OaS  Lt  Jl — 
Mar  9.  OK.    1  Hg.    5600  w.  20c. 

Lime  Burning. 

The  SebmatOtla  System  of  Gas-Fired  Lime* 
Kilns.   Engg— Feb  28.  08.   4  figs.   1500  w.- 


40c.  Describes  a  etjccessfiil  type  of  kiln  in 
which  the  stone  is  calcined  by  means  of 
generator  p;as  wltbout  coming  In  eontaet 
with  the  Bulid  fuel. 

Paper  and  Pulp  Manufacture. 

Devetopmenta  In  the  Paper  and  Pulp  In- 
dustry. Eng  Rec — Feb  2  2.  08.  2600  w. 
20c.  Extracts  from  a  papor  recently  read 
before  tlio  Amor! can  I'apor  and  Pulp  Asso- 
ciation by  Its  chemist,  Mr.  Arthur  D.  Lit- 
tle. 

Machinery  and  Power  Required  for  the 
Production  of  Paper  Pulp.  Mechanical  and 
Chemlcil.  and  Finished  Paper.  John  W. 
Thurso.  KnK  News — Feb  20,  08.  2000  w. 
2 Or.  Crtves  data  collerlcd  by  the  writer 
during  the  past  12  years,  from  various  suo- 
cossful  plants  In  the  United  States  and  Can- 
ada. 

The  Applioafion  of  Electric  Power  to  Piilp 
and  Paper  Mills — The  \\atab  Pulp  :un\  Pa- 
per Company's  Mills.  Le  Roy  M.  Harvey. 
El  WId— Feb  22.  08.    1  flg.   6800  w.  80c 


Puiflcatiun  of  Gases. 

Purification  of  Oases.  Oskar  Nagel. 
Electrochem  ft  Met  Ind — Mar.  08.  10  tigs. 
5000  w.  40c.  Describes  methods  used  in 
the  separation  of  izases  from  S0lldfl«  ITom 

liQuids,  and  from  gases. 

Silicon  Monoxide. 

Manufacture  and  Uses  of  Monox.    £.  Le- 
mairr.     (;>nie  CItII — ^Feb  15,  08.  1 
2000  w.  60c. 


Apaa,  1908. 
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I!^  Scientific  American 

promptly  chronicles  every  item  of  news  concerning 

The  Industrial  Development  of  the  World 

IT  is  unique  among  periodical  literature  because  of  the  authoritative  infor- 
mation it  contains  that  cannot  be  found  elsewhere  regarding  Scientific, 
Mechanical  and  Engineering  Progress.  It  is  a  favorite  in  the  Home  because 
its  news  of  the  great  achievements  of  the  day  is  popularly  and  practically 
told,  thus  interesting  the  entire  family.  In  a  word,  the  "Scientific  American" 
is  a  distinctively  American  Weekly  for  the  enlightened  American  at  home 
or  abroad.  Subscription  price,  $3  per  year  to  any  address  in  the  United  States. 


Valuable  Books  FREE  to  New  Subscribers 

SCIENTIFIC  AMERICAN  REFERENCE  BOOK,  by  Albert  A. 
Hopkins  and  A.  Russell  Bond.  1 2mo,  5 1 6  pages.  "  Is  a  veritable  gold 
mine  of  knowledge  on  almost  every  conceivable  subject  under  the  sun." 
— Pittshurgh  Post. 

SCIENTIFIC  AMERICAN  BOY,    by  A. 

Russell  Bond.   12mo,  320  pages.   "The  book  is  a 
volume  of  practical  directbns  by  means  of  which 
the  outdoor  boy  can  fit  himself  out  for  all  kinds 
sport." — New  York  Times. 

HOME  MECHANICS  FOR  AMATEURS, 

by  George  M.  Hopkins.  12mo,  370  pages.  "The 
book  may  be  commended  for  its  practicability  and 
suggestiveness." — New  York  Tribune. 

The  books  are  beautifully  and  substantially  bound 
in  cloth,  and  cannot  be  purchased  at  bookstores  for 
less  than  $1.50  each. 

AddreM  MUNN  &  COMPANY,  No.  353  Broadway,  New  York 


OUR  OFFER 

IF  YOU  will  send  ui 
$3.00  in  payment  for 
a  tubscription  for 

one  year  commenctng 
January  I,  1908,  we  will 
»end  you  any  one  of  the 
books  absolutely  free,  and 
also  send  you  the  remain' 
ing  issues  of  the  "Scien' 
tific  American"  for  the 
year  1907  from  the  time 
your  order  is  received 
without  additional  cost 


Patronize   ENOINEERINO   DIGEST   Advertlaera   When  Ton  Can 
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MARINE  ENGIT^EERING 


fiaOnuitea. 

Marine  Engineering  Estimates.    O.  R. 
Bruce.     Mech  Wld— Feb  21,  08.    2000  W. 

Continued. 

Heating  and  Ventilation  of  Ships. 

Tho  HeiititiK  and  Ventlhitiiig  of  Ships. 
Sydney  F.  Walker.  Int  Mar  Eng — Mar,  08. 
7  figs.  3600  w.  40c.  Describes  the  fomiB 
of  heatlne  apparatua  using  hot  water. 

The  Ventilation  of  Battleships.  0.  Qaell- 
mann.  Oesund-Ing — Feb  15,  08.  7000  w. 
80c.  Paper  read  before  the  lotornatioaal 
Congren  for  Hygiene  and  Demograptar. 

IflU'tno  Rollers. 

Moilers  in  the  French  Navy.  Eiit;^,' — -Feb 
21,  OS.  ISOO  %v.  JOc.  DlHcus.sfoii  In  the 
French  Senate  with  reference  to  the  type  of 
boilers  proposed  for  the  six  battleships  of 
tbe  Danton  class,  to  be  engined  wltb  Par* 
sons  turbines. 

The  Use  of  T.Inif  In  tln^  Modern  Marine 
HP.  Boiler.  Mar  Engr  &  Nav  Arch — Mar  1, 
08.    2  llgs.    4000  w.  40e. 

Motor  Routs. 

High-Speed  Motor  Boats  for  Pleasure  Use. 
Henry  S.  Sutphen.  Int  Mar  Bngg — Mar,  08. 
12  figs.  1800  w.  40c.  Read  before  the 
Society  of  Naval  Architects  and  Marine  En- 
gineers, .Vow  Yorli,  Nov  21,  07. 

Some  Observations  on  Motor-Propelled 
Vessels  and  Notes  on  the  liornmda  Kace. 
William  B.  Stenrns.  int  Mar  lOnu  —Mar,  08. 
2  f\KS.  4  400  w.  4 Or.  H>':i(i  tx'forc  the  So- 
ciety of  Naval  Architects  and  Marine  Kngl- 
neen.  New  York,  Nov  21.  07. 

The  Racing  Motor-Launcb  "Slddeley- 
Wolieley/'  Engg — Feb  21,  08.  8  figs. 
1800  w.  40c. 


Power  Measurement  of  Marine  Turbines. 

Torsion-Meters.  J.  Hamilton  Gibson. 
Engg — Feb  7.  08.  32  Jiks.  7800  w.  40c 
Paper  read  before  the  North-East  Coast  In- 
atltution  of  Engineers  and  Shipbuilders,  Jan 
24,  OS.  Discuf-ses  the  application  of  torsion- 
meters  to  the  measurement  of  the  botae- 
power  of  marine  steam  turblocs. 

Raiiis  an  Naval  Weapons. 

The  Ram  in  Its  .Nfodern  Aspect.  O. 
Paschen.  Schiffbau — Feb  12,  08.  6  flga. 
2000  w.  60c.  DiscttMee  the  ram  «•  a 
weapon  In  naval  warfare, 

StJiblUty,  Test  for. 

An  Inclining  Experiment  Harold  F.  Nor- 
ton. Sibley  Jl— Feb.  08.  3  flgs.  2400  w. 
40c.   Describes  method  whereby  veaaeb  are 

'ested  for  stability. 

Stcuui  Collier. 

The  Steam  Collier  "Bverett"  for  the  New 
Bngland  Goal  and  Coke  Company,  Boeton. 
U.  S.  A.  Bngg — Feb  7,  08.   6  llgs.   1000  w< 

40c. 

Snboiarinea. 

Italy^  ProgreM  In  Submarine  Navigation. 
Engr  (Lond)— Feb  14.  08.   1  Sg.   2000  w. 

40c. 

I'araffln  KnRine  for  Submarines.  Engr 
(Lond)-  Feb  7,  OS.  3  flgs.  1500  w.  400. 
Describes  a  new  Thorneycroft  paralBn  motor, 
designed  for  the  Italian  Xhw. 

Tank  Steamers,  Safety  Deviivs  (or. 

Safety  Devices  on  Tank  Steamers.  M.  M. 
Dlkos.  Compt  Rend  Ing  Civ  de  France— 
Nov.  1907.  4  flgs.  40.000  w.  |1.20.  Dla- 
euases  methods  tor  proteeting  ateamera 
transporting  Inflammable  olla  from  poaifbO- 
Ity  of  fire. 


MUNIOPAL  tNGINEERlNG 


Air  C«jmj>r«'«''or«. 

Setting  Uie  Valve-gear  of  Air  Compress- 
OTi*.  Claude  Alkens.  Tower — Feb  IS.  08. 
S  flgs.  2:?oo  w.  20c.  Dibcuases  the  import- 
ance of  piston  ilearanee;  how  to  determine 
relative  positions  of  crauk^pln  and  eccen- 
tric; and  the  setting  of  blowing-engine 
valves. 

The  BfHclency  of  Dry  Air  Compressors. 

W.  lU'ilcnianu,  Z  V  D  I— Fob  S,  OS;.  23 
flKs.  4dOO  w.  COc.  Gives  results  of  tests 
by  Dr.  .Mollier  on  a  romprossor  plant  in  t!ie 
laboratory  uf  the  Dresden  Technical  High 
School. 

Compressed  .^ir  Cnlculntlon.<:. 

Compressed  .\lr  Calculiitious.  E.  A.  Rix. 
Jl  of  Elec  Pr  &  Gas— Feb  29,  08.  4000  w. 
2 Or.  Paper  read  before  the  .Mlnlncr  .>>»^oria- 
iion  of  the  University  of  California.  Feb  19, 

.08.  Gives  formulas  and  data,  with  exam- 
plea  of  tbelr  application. 


Flow  of  Air  and  Oases. 

The  Flow  of  Compressed  .Mr  in  Pipgs. 
with  Special  Reference  to  MininK  on  the 
Rand.  E.  J.  Laschinger.  Min  Jl— Feb  22, 
OS.  12.000  w.  -Mar  7.  40no  w.  Each  40c. 
Paper  read  before  tbe  Transvaal  Institute  of 
Mechanical  Engineers. 

The  Measurement  of  (km  Flow  Throng 
Thin  Orifices.  A.  O.  Mueller.  Z  V  D  I — ^Feb 
2  2.  OS.  8  fifis.  5500  w.  60c.  CtveH  con- 
traction coefficients  for  various  conditions, 
by  tli,>  use  nf  whieh  the  niKintlty  of  gas  flow- 
ing through  thin  oriflces  may  be  measured. 

Liquid  Air  HanufacCare. 

Place's  Air-Liquefying  Expanston  Engine. 
J.  F.  Place.  Com  Air — Mar,  08.  7  flgs. 
3400  w.  JOc.  Gives  a  number  of  indicator 
cards  taken  at  low  temperature  from  the 
air-expanding  engine  of  an  air-liquefying 
plant  producing  7H  lbs.  of  liquid  air  per 
HP.-hour  energy  expended. 


miL,  IMS. 
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COMPRESSED 
AIR 


The  final  authority  on  Pneu- 
matics ;  edited  by  experts ; 
addressed  to  practical  men. 

Are  You 

An  Engineer? 
An  Architect? 
A  Contractor  ? 
A  Manufacturer? 
A  Railroad  Man? 
A  Mine  Manager? 
A  Coal  Operator? 
A  Foundryman? 
A  Quarryman  ? 

Everything  relating  to  compressed 
air  practise  from  all  over  the  world 
will  be  placed  before  you  monthly 
if  you  are  a  subscriber  to 

Compressed  Air. 

A  new  volume — No.  1  3 — begins  with 
January,  1908.  Subscribe  now  and  get 
the  complete  volume  (or  the  year. 

$1.00  per  year — U.S.  and  Mexico 
$1.50  per  year — Canada  and  abroad 

Sample  copy  on  request 

Compressed  Air 

Bowling  Green  Bldg.,   New  York 
EASTON,  PA. 


From. 

Cottage 


til 

J  ft 


The  Cyclopedia 

of 

Architecture, 
Carpentry  and 
Building 

Covers  everything  pertaining  to  building, 
from  the  mndeet  two  Btorv  cottage  to  the 
towerinp  Bkyncraper. 

Tan  volume*;  pace  alie  7  x  10  incba*.  bound 
in  half  red  morocco  ;  over  4,000  pafe*  ;  3,000 
illuatraliont,  valuable  tables,  etc. 

$24.00  INSTEAD  OF  $60.00 
>.  .        FREE  FOR  EXAMINATION 

By  l>r<>l>ai(i  oxpn^os  upon  reonlpt  of  coupon.   If  you 
wliih  to  kfl<<i>  tho  books,  pay  fa  wltbln  flve  «layii  and  $2 
n  month  until  you  haro  paid  the  «p«olal  price  off 24.0  0. 
atbimrist  a¥th  it  t»  »n4  (»r  (bm  at  Mr  ttftmu 

Tbere  are  over  200  plan*  of  artialic.  moderate  priced 
house*,  ''liosini  hy  a  nintt  of  arohllooin  a»  typical  of  thn 
IjoHt  work  of  tho  Inist  archllocts  of  tin?  omtlre  country — 
Invaluable  to  anyonooonu'in plating  building  or  altt^ra- 
tlona.  Also  OTor  40  practical  problems  t«  construction, 

Hundrmls  of  hints  and  BUKK<>0tlons  to  housn  bulldara 
and  house  own>«r8.  Thp  cbapl<<n>  on  PstlroatlDK  cost. 
r«lnforct»d  concreti".  plumbInK,  boating,  Including 
furnncw.  Hlcam.  hot  wator  and  ozbaust  stoam,  and 
vpnttlntlon,  are  espoclally  complete. 

Partial  List  of  Contents 

Rclnforcpd  Oonoretn  —  KHtlmatInK  — Conlroctfi  and 
HtM^Mncatlons  —  The  Latr  of  CVintractM  and  Lions — 
Bulldlne  HutM^rlntnndenco— Building  Materials— Ma* 
sonry— Carpentry-  Ktair  BiilldlnK— Hanlwnri'— Plastf  r- 
liiK  — PnlntlDK— Hxatlnc  Vf>ntllat|on— Wiring  for  Door 
liellsand  lliirKlnr  Alarmn-Htrt'l  Construction  -ElevaUir* 
— 8b»»et  Uatal  Patt«rn  T)raftlni:—Mechanl<-al,  Architec- 
tural. Frwhand  and  Perspective  Dmwins— Lettering- 
Blue  PrlnilnK— Sbndos  and  Shadows— Tho  (Jroek  and 
Boman  Orders  of  Archltf««-tur>' — ItendcrinK  In  Pen  and 
Ink  aud_WriHh—\Vatar  Color  Hints  for  Drftftjinicn. 

AMERICAN  SCHOOL  of  CORRESPONDENCE 

CHICAaO 

 COUPON      Clii>  and  mail  Indaf  

American  Scboot  of  Correspondence : 

n«-«*.- ••'(>•)  •*!  <*v  l<i<*'<ll«  %rrlili»-' f  urr.  f'MnK-nlry  NRil  Rultiltnr  for 
rri**-  rk«Htlti«lliiii,    I  will  Mcnil  tS  wlllilli  i  d.)Fn  .114  It «  ni-inlh 
uulll  I         f»l-\  til  Mi  i><li.r«lu  I  mill  iHiliry  ><iv  tu  k.biI  fur  tli*  l-nt.: 

f.ut    rN<  ,  t-OK. 


Name  

Addrean  

OccupatlOQ. 
Kmplnynr... 
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FOUNDING. 

Bmms  aid  Copper  Foandin^. 

Silicon-Copper  in  the  Brass  Foundry.  C. 
Vlckers.  Fdry — Mar,  08.  '>  Aks,  2  200  w. 
2  0c.  Discusses  the  properties  and  uso  of 
this  valuable  alloy,  and  gives  mixtures  to 
be  vnd. 

Spongy  (Copper  and  Brass)  Castings 
Their  Causes  and  Preveotion.  Krltest  A. 
Lewi*.  Met  Indus — ^Feb,  08.   1000  w.  20c. 

Cores. 

Tbe  Advantage*  of  Core  Molding.  J.  F. 
Bnehanan.  Fdry — Mar,  08.  14  flgs.  2400 
w.  lOc. 

Use  of  Mntal  Cores  In  the  Foundry. 
George  Buchanan.  Fdry — ^Mar.  08.  9  figs. 
700  w.  80e. 

Coke  Consumption  In  Cnpolas. 

The  Coke  Consumption  in  Cupola  Fur- 
naces.— II. — G.  Buzek.   Stahl  n  BISML  F^b 

12,  OS.    3500  w.  60c. 

Cupola  CharKlnfi  Machines. 

Chargring  Machines  for  Cupolas.  G.  R. 
Brandon.  Ir  Tr  Rev — .Mar  12,  08.  7  flss. 
1300  w.  I'Oc.  A  paper  read  before  the 
Pittsburg  Foundrymen's  Aasoclation,  Mar  2, 
08. 

WtMiidvy  U^httam  and  Ventllatloii. 

Foundry'  Lighting  and  Ventilating.  R. 
M.  Graham.  Factory — Feb  20,  08.  8  figs. 
700  \v.  lOc.  Shows  how  an  abiintlanre  of 
lit;lit  anil  fresih  air  can  be  provided,  and 
v,'hat  practical  resuitR  haTe  followed  a  nnlqua 

bulhiinp;  construction. 

Uaniliing  Muteriul^  in  FouncirieK. 

Transportation  In  the  Iron  Foundry.  Os- 
car E.  Perrlgo.  Castings — Feb,  08.  8  figs. 
2800  w.    EOc.    Dtsousses  the  problem  of 

handling  materials. 

Iron  From  Cupola  Slag. 

The  Recovery  of  Iron  from  Cupola  Blag. 
Robert  Grlmsbaw.    Ir  tt  Rer — JSD  2»  08. 

700  w.  20c. 

Malleable  Castings. 

Making  Malleable  Castlncs  Without  An- 
nealing. Dr.  Richard  Moldenke.  Fdry — 
Mar»  08.   1000  w.  20c. 

Production  of  Malleable  Caatlnga.  Dr. 

Richard  Moldenke.   Ir  Tr  Her — ^Feb  27,  08. 

3200  w.  20c.  n. — Charnrterlstlcs  of  mal- 
leables  and  their  physical  and  chemical  prop- 
erties—methoda  of  teatlng. 

Sdentltic  Founding. 

The  .Application  of  Science  to  Foundry 
Work.  Ho!i>  rt  liuchanan.-  .Mech  Engr — Feb 
21,  08.  r?600  w.  Feb  28.  2800  w.  Bach 
40c.  Paper  read  before  the  Royal  Society 
of  Arts.  Feb  12,  08. 

Stand  Pipe. 

Molding  a  Four-Way  Stand  Pipe.  George 
Buchanan.    Am  Macb — ^Feb  27,  08.    8  figs. 

900  w.  20c. 


Steel  Castings. 

Development  of  the  Steel  Casting  Induf«- 
try.  W.  M.  Carr.  Ir  Tr  Rev — Jan  2,  08. 
1600  w.  SOe. 

Steel  Castings  by  tbe  McHaffle  Froeeaa. 
Ir  1^  Re7-^an  8, 08.  Oflgs.  1100  w.  SOc 

Sweep  for  Q|4tadrfcal  Woric 

Cylindrical  Section  Sweeping  Device.  Jai> 
bez  Nail.  Pdry — Mar,  08    5  figs.    1600  w. 

20c.  Descrllir';-^  fi]ii!iiriii'nt  fn-  sweep  mold" 
Ing  sectiuu  of  large  cylindrical  castings. 

Waste  in  Fovndries. 

Fotindry  Waste.  Dr.  Richard  Moldenke. 
Ir  Akc  Mar  12.  08.  2100  w.  20c.  A  paper 
read  at  the  convention  of  tho  Chicago  FOUB* 
dry  Foremen's  Association,  Mar  5,  08. 

Sixteen  Ways  to  Lose  a  Casting.  Wilber 
R.  Tllden.  Ir  Age— Feb  20,  08.  16  figs. 
3200  w.  80c.  Illnstrates  10  oastlngg  trMH 
tbe  sane  pattam,  abowtng  some  of  tbe 
more  common  defects  tn  molding  and  poor- 
log. 

HKATIXG  AND  VEXTFL-ITION. 
Department  Store,  Mechaulcal  Etiuipoi^C  of. 
Heating  and  Ventilating  a  Modern  De- 
partment Store.  John  G.  Badie.  Htg  & 
Vent  Mag— Feb,  08.  8  flga.  4600  w.  20c. 
Describes  tbe  mechanical  equipment  of  B. 
Altman  A  Co.'s  new  building.  New  York 
city. 

Central  Heating  Plants,  Cost  of.. 

Calculation  of  Costa  for  Central  Heatlns 
Plants.   F.  Janeck.   Qesund.  Ing — Feb  1, 

08.   12,000  w.  80e. 

Hot  Water  Supply. 

Hot  Water  for  Domestic  Use. — ^I.  Jno.  K. 
Allen.  Dom  Bngr — ^Mar  7,  08.  8  flga.  1800 

w.  20c. 

Steam  Heating. 

Modern  Steam  Heating  lUustrated.^ — I.  B. 
F.  Raber.  Doni  Engr — Mar  7,  08.  1  Sg. 
1600  V.  20c.  First  of  a  series  of  artldM 
discussing  the  varlona  systems  of  steam 
beating,  their  design  and  erectloii. 
> 

HOI8TINO  AND  HANDLING  MAOHINEIir. 

Coal  Dodc  Bolst. 

A  New  Coal  Hoist  at  Leith.  Engr  (Ldnd) 
— Mar  6,  OS.  4  figs.  5000  w.  40c.  De- 
Krrlbcjj  a  new  30-ton  movable  hydraulic  coal 
hoist  at  the  Tmpftrlal  Dork.  T.eith,  designed 
for  dealing  with  end  tip  wa>:ons  of  a  prosa 
weight  of  tons,  which  can  be  lifted  to  a 
height  of  61  ft.  above  the  <|uay  lerel  and 
there  be  tipped. 
ElevatofM. 

The  Hvdraulic  Elevator.  William  Rax- 
ter.  Jr.  Power — Feb  18.  08.  6  figs.  1300 
w.  Mar  10,  08,  2  flgs.  1  700  w.  Kach  20c. 
XIX. — Describes  the  WUitUer  pulling  ma- 
chine;  best  method  of  lubrication;  the  uee 
of  strainers.  XX. — Discusses  the  nee  of 
strainers  with  the  Crane  machine,  and  the 
care  and  management  of  the  Morse  and  ^ni- 
Ilam  pulling  raaciUne. 
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6NADlAN^i\CHlNERY 

i^^NANUmTURING  Hsm^ 

If  Circulates  in  every  province  of  the  Dominion. 

9  Read  by  Proprietors,  Managers,  Superintendents,  Foremen 
and  Engineers  of  Manufacturing  and  other  Industrial  Estab- 
lishments, 

—men  who  must  be  consulted  when  m.ichinery,  power eqoipitient 
and  supplies,  and  foundry  eciuipment  are  to  be  bou^rht. 

^  Is  the  most  intiucntiai  and  widely  read  industrial  paper  of 
Canada. 

^To  have  your  campaign  cover  this  important  market,  include 
CANADIAN  MACIilNERY 

Past  card  witt  brin^r  sample  copy  and  rates. 

THE  MacLEAN  PUBLISHING  COMPANY,  Limited 

Manlrail  ToTOIltO  Winahlit 


YOUR  OPPORTUNITY 

may  be  among:  the  thousands  of  higli  grade  positions  now  open  at  our  12  offices. 

D  ii';  itiiss  your  opportunity.  Thousands  of  mt-n  who  have  secured  positions 
through  Hapcoods  know  that  it  pays  to  insure  against  Iffss  of  opportunity.  Why 
don't  you  get  in  line  for  advancement. 

IF  YOU  KNEW 

that  a  letter  of  inquiry  would  bring  you  jnionnation  worth  hundreds  of  dollars, 
would  you  hesitate  to  ask  for  particulars  ?  Our  booklet  tells  how  we  find  right  places 
for  right  uicii.  It  will  tell  you  how  to  secure  a  position  payuig  a  larger  salary  than 
your  present  one.  Among  the  positions  for  which  we  need  men  are  the  following  : 
Advertising:  Manaj,^er,  $2,500  ;  Sales  Manajr^r.  $4,000;  ("ieneral  Manager,  $5,000; 
Ad.  Writer,  $1,300;  Auditor,  $3,500;  Engineer,  $2,000.  Sample  copy  of 
OPPORTUNITIES,  our  monthly  publication,  mailed  free,  if  you  write  to-day 
statiiqr  affe.and  experience. 

HAPGOOD^S 

The  National  Orgatdzaiion  of  Brain  Brokers 

305  BROADWAY  NEW  YORK 
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Equipments  for  Industrial  Plants. 

Economical  ^^aterial-Haudliug  Equip- 
naents  for  Induetrlal  Plants.  Werner  Boeck- 
lln.  Eng  Mag — Mar,  08.  47  flgs.  7500  w. 
40c.  Profusely  Illustrated  descriptive  ar* 
tlcle  on  industrial  railways,  cableinqni» 
cranes,  koisU  and  varloai  forma  of  conveir* 
ore. 

Floating  Oanc. 

140-Toa  Floating  Crane.  W.  Kaemmerer. 
Z  V  D  I— Ftob  S2.  08.    11  flga.    1800  w. 

60r. 

Fuel  and  Aah  nnnmtng. 

Fuel  and  Asta  Handling  Equipment.  O. 
M.  Becker  and  William  J.  Lees.  Fnctary — 
Feb.  08.  11  figs.  2100  w.  40c.  GlTes 
practical  suggf^stions  as  to  tho  various  typos 
of  equipment  available,  the  choice  of  appa- 
ratus to  meet  (riven  conditions,  and  tbe  re- 
sults wbicii  follow 

Handltng  Bank  VmaUk  Plates. 

Handling  Heavy  Armor-Plates  for  a  Bank 
Vault.  Eng  News — ^Mar  5,  08.  1100  w, 
20c.  Describes  methods  used  on  a  difTicuIt 
Job  involved  In  tbe  construction  of  vault  for 
the  Carnegie  Trust  Co.  In  New  York  Cltf . 

Hoisting;  Machinery  for  Construrtion  Work. 

Moisting  Machiuery  for  the  Handling  of 
Materials.  T.  Kenuard  Thomson.  Eng  Mag 
— Mar.  OS.  19  flgs.  4500  w.  40c.  De- 
scribee the  various  classes  of  hoisting  ma* 
chlnery  used  In  construction  work. 

Modem  Hoi«it!n{;  and  Conveyingr  8y!;t<*ms. 

Modern  Systems  of  Hoisting  and  Convey- 
ing. Walter  Q.  Stephan.  Ir  Tr  Rev — Jan  2, 
08.  SS  flgs.  8000  w.  SOe.  Discusses  the 
many  sjatems  avaltable  and  tbe  epedal  Held 
of  each. 

Ofctliead  Raliivafs. 

New  System  of  Overhead  Railways.  M. 

Buhle.  Stahl  u  Elsen — Feb  26,  08.  5  flgs. 
2000  w.  <j(i(\  DrgorlboK  two  electrically 
operated  sviitoins  In  which  the  oars  are  hung 
from  troiieyr^  running  on  overhead  rolled 
steel  rails  or  I-beams 

Some  German  Overhead  Tramways.  Al- 
fred Oradenvltz.  Eng  &  Mln  Jl — Feb  29. 
08.  19  flgs.  8600  w.  80e.  Describes  tbe 
transportation  of  matorlal  by  overhead  elec- 
tric tramways  and  improvements  in  prac- 
tice in  conetruetion  of  tramways. 

HYDRAUUO  POWER  PLANTS. 

High  TTejid  Fraiuis  Tiiriiiiu'. 

High  Head  Kr.mci^  'l  urhtae  at  Contorvllle, 
Cal.,  Power  Plant  .11  i:i  l>r  &  Gas— Feb  29. 
0^  n  figs.  2400  w.  20c.  Describes  a 
9  7110-Tip.  unit  vnder  an  effecUve  head  of 
r.f,:,  ft. 

Hydroclcrtric  Plants. 

Caffaro-Brescia  Electric  Power  Transmts* 
ston  Plant  Dr.  Alfred  Oradenwlts.  West 
Eleen^Mar  14.  08.  8  flgs.  1800  w.  SOe. 
Describes  a  new  high  tension  plant  'and 
transmission  in  northern  Italy. 


The  Bruslo  Hydroelectric  Plant  and  Power 
Transmi.ssion  in  Lombard  v. — II.  Schw  Bau — 
Feb  Li).  06,  11  tigs.  2600  w.  $1.00.  Gives 
details  Of  a  new  dOTelopment  In  Northern 

Italy. 

The  ColliersviUe  (N.  Y.)  Hydroelectric 
Plant.  £Ing  Beo— Mar  7,  08.  7  flga.  1800 
w.  80c.  Deaertbet  a  power  iH*at  Just  com- 
pleted to  furnish  power  for  the  OB^Ile  Use 
of  the  Oneonta  A  Mohawk  Valley  Railroad 
and  for  power  and  lii;1itlng  purpooes  In  adja- 
cent towns  and  vlllal^e.s. 

The  Hydroe]ectri<-'  Plant  of  the  Rocking- 
ham, N.  C.  Power  Company.  Julian  S.  Mil- 
ler. Elec  Rev — Mar  14,  08.  6  flgs.  27<H) 
w.  20c.  Describes  a  project  on  the  Yakin 
River,  to  supply  88.800  hydroeleetrlcal  HP. 

i>iiin])ing  Engine  Tests. 

Testing  of  liigh-Duty  Pumping  Engines 
by  Modern  Practice.  Ind  Wld — Feb  24,  08. 
7700  w.  80c.  Gives  dSMarlptton  of  method 
for  eondnetlttg  tests  and  reratta  of  intaatl- 
gations  on  three  trlple-«cpa&slon  pamplng 
engines  In  St.  Louis. 

HfTKKNAIi  COMBIJBnON  SSRCIINIS. 
MobIM  iSnglnee. 

Tests  at  OasoUne  and  Keroaene  Bnglnea 
with  Alcohol  Fuel.    8.  M.  Woodward.  Eng 

News — Mar  12,  ns,  7  figs.  7500  w.  20c. 
Gives  resume  of  the  flual  report  upon  the  in- 
vestigations carried  out  by  tho  U.  S.  Depart- 
ment of  Agriculture  upon  tbe  availability  of 
alcohol  aa  engine  fueL  * 

Engine  Proportions. 

Gas  and  Steam-Engine  Proportions.  W. 
B.  Booth.  Power— Mar  8,  08.  1100  w.  80c. 

BxtiaiiKt. 

The  Exhaust  of  the  Internal-Combustion 
Engine.  II.  Addison  Johnson.  Power — Fob 
25.  08.  1800  w.  20c.  Shows  how  the  con- 
dition of  the  mechanism  of  an  engine  may 
be  ascertained  by  an  examination  of  thb 
exhaust. 

Bxplnslve  Combustion. 

Experiments  on  the  Rapidity  of  Combus- 
tion of  Explosive  Gas  Mixtures.  A.  Naegel. 
Z  V  D  I— Feb  lo.  08.    14  flgs.    9000  w.  60c. 

Explosive  Combustion  of  Hydrocarbons. 
Engg — Mar  C.  os.  L'Coo  w.  }i)c  Rteumd 
of  lecture  before  tlie  Itoyal  institute.  Feb  28, 
ov  Discus  es  the  sabject  Chiefly  from  the 
chemical  standpoint. 

InstallatJons  at  Hucnos  Ayros. 

(las  Kngine  I iistMl In t ions  nt  Biienos  Ayres. 
Eng  Rec— Mar  7.  OS.    3  flgs.    2700  w.  20c 

Lubrication  of  I>arge  Enidnes. 

Lubrication  of  the  I^arger  Sizes  of  Gas 
Bngines.  R.  U.  Keith.  Power— Feb  18, 
08.    1  fig.    1800  w.  80c. 

Oil  Engines. 

Technical  A.spects  of  Oil  as  Fuel. — VII.- 
IX.  F.  E.  Jungo.  Power — Feb  18.  08. 
1  ng.  700  w.  Feb  25.  4  figs.  1600  w. 
Mar  3.   8  fl^.   ISOO  w.   Each,  SOc.  Dis- 
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AM  YOU  INTIRKSTID  IN 

GAS  ENGINES? 

Tben  jrou  wiu  iraat  Um  00  pafft  paaphlat  «BllUc<l 

**Some  Notes  on  Gas  Engines'* 

Br  Herman  Dir.PKuirHs,  Prr.rf-'M>r  r,t  Exiwrl- 
mental  Bni;ln(!<>i'lnk'.  C'iri.rii  l  unn-HUy. 

Subiact*  TrMtadt  Oaa Engine Oxolea  :  Tbolr  theoroti' 
CAl  thermal  efflolenolM  uid  praotlcAl  limitations.  Fnur 
Ojol»  va.  Two  Oyole  Bdc1d««.  MMttn  of  DmUd  ana  llie 
fMnolli*!  PliwIOBfc  IMlMteotmMiitattoD.  Almbol 
~  *  '  '  'loBiweiptofinlo 


rpclM.  70o.,  Or 

7%«  SiU^JoanHdaf  Engineering 

ITHACA«      NEW  YORK 


60  Day  Clocks 

PREKTIB8  00  DAT  CIjOCE8  are  tiM  bMt 
for  office  U8«.  They  aro  well  tnwle, 

diirabie.rellnblpnnd  r(><|iilrpnmtnlin«m 
amount  of  atti  ntl'in.  Tlic  cali-nilHi-  nddn 
trreatly  u>  ihfi  cutiTrtilcnco  of  ilie  clock 
nnd  If*  rntln  ly  automatic!  In  Us  action 

AUo  Fryinti-pan,  Eltetrie,  Syntkronitti, 
Mud  llnrOBMtoKue  So.  177. 
Hm 

Prentiu  Clock  Improvement  Co. 


ll.ttCkwtarslt. 


■«w  Tark  CMy 


Testing  Laboratories 
The  imhutrieJ  LeAenttorieB 

.  Mo.  IM  FMHt  Itnol, 

Mtv  Tofk  our. 
OODsultlav  mi  Amlrtteal  Cbomicu. 
•od  SuporrlM  CoBttnietlon  of  Chtmical  Ptanta. 
Advice  Wbercver  Ctaemlcala  are  Idade  or 

J.  K.  TEKFLB.  Ph.D.,  Director 


Rlrhard  K.  Sltade 
I'irwtor 


Meade  """isssii^""" 
Testing  Laboratories 


rti  on  Portland 
and  Concrete 


Cement  Inspection  and  Tests 

Mill  Inspection,  SUmdard  T«tl% 
£i:p«rtOpiiiloo%  Chemical  Aaalj^ 
Sdeatifie  InvoMtgatioiii. 

NAZARETH.  PENNSYLVANIA 


Hid^u  Ttchaieal  Labontovy 

Tooting,  ConstiltlDS  and  Analrtlcal  Cbemliti. 
Analjrsos  and  Reporta  mado  In  all  Brancbe*  of  lodoa- 
trlal  Cbemlstry.    Export  AMtatiDiM  to  all  BfMthOB  OC 
Cbomical  Engisoorlns. 

6849  Lataratti  Boutovwtf.  DITBOn'.  mOB. 


The  Latest 


Tlie  Clipper  Clip 

*^*It8  triangular  shape  pfovamts  eataogliog 
and  gives  three  times  the  capadtf  of  any  other 
Clip  for  attacbiog  papers  together. 

amd  CkeupeBt,   Att  Stationers, 

Bvaaa  or  StaoL  Soad  10c  far  Bos  of  100. 

Clipper  Manufacturing  Company 

366^68  Geimrd  Avenue,      New  York,  U.  S.  A.  The  M06UL  CUP,  b..  .1  so  i.r  is  c«u 


TO  BOOK  BUYERS 


WE  have  just  issued  a  new  1 12-paRfe  catalogue  of  re- 
cently published  Scientific  antl  Mechanical  I'ooks, 
which  we  will  mail  free  to  any  address  on  application. 

MUNN  &  COMPANY 

rubli-ihrrx  of  SCIENTIFIC  AMERICA X 
353  BROADWAY  NEW  YORK 
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ciiBses  are  construction  and  efficiency  of  oil 
en.  ■  :  I'Dalniler.  Diesel,  Haselwander) 
using  benzol  and  other  low-priced  coal-tar 
oils,  and  the  defects  at  combotUoa  in  Dleeel 

Tar  DeilrucUon  in  Prodaoer  Gm. 

The  Df'Structlon  of  Tar  In  Gas-Producere. 
H.  P.  Bell.  Engg— Feb  7.  08.  9  figs.  3700 
W.  40c. 

MACHINE  PARTS. 
Fljrwlieel  of  Structural  Steel. 

A  New  Strnetiiral  Steel  PlyTiheel.  Engr — 

Feb  15.  0«;.  2  flgs.  700  w.  2  0c.  Describes 
a  wheel  in  which  the  spokrs  are  made  of 
Btructural  slet'l  and  the  rim  of  a  trough 
of  such  steel  filled  with  steel  wire  ropes. 

HeUeal  Oeava. 

Machine-Cut  Double  Helical  Wheels. 
Engg — Feb  21.  Ob.  8  fiKS.  2000  w.  40c. 
Describes  the  \Vu«8t  system  of  getieratluK 
both  sets  of  spiral  teeth  in  a  single-wheel 
blank  by  using  two  hobs  of  opporite  hand 
to  ci;t  the  teeth  Btmultaneously. 

Roller  Bearings. 

Roller  Bearings;  Design,  Gonatruction 
and  Use.  A.  £.  D.  Can  Macb]? — ^Mar,  08. 
6  flgs.  1100  w.  20c.  Gives  particular  at- 
tention to  the  straight  roller  bearing,  with 
flltiatratloiis  of  bearings  used  In  agilenltural 
machinery  and  truclis. 

Self-Alining  Tap«*r  Roller  BrnrliiKs.  H, 
W.  Alden.  Automobile  Keb  27.  OS.  :?  flRs. 
1400  w.  20c.  Presents  some  f.arts  con- 
cerning the  design  and  acticm  of  certain 
forms  of  roller  bearings  and  Uluatratea  their 
practical  application  to  Tarfoue  atttonoblle 
conditions. 

Speed  Changing  Device. 

Two  Speeds  from  Constant  Drive.  Albert 
Walton.  Am  Mach — ^Feb  28,  08.  2  flgs. 
1100  «.  20e.  Describes  a  derlos  of  use  in 
textile  machinery. 

>iEcn  VVIC8. 

Ohatn  Rin^  strength  of. 

Stmses  In  Solid  Beam  Seettona  and  the 
Strength  of  Chain  Rings. — ^11.  Robert  H. 
Smith.    Engr  (Lond) — Feb  7,  08.    1  fig. 

2000  w.  40c. 

Elastic  Limit,  etc. 

The  Limit  of  PToportlonallty  and  the 

Elastic  Limit.  Henry  Hess.  Am  Mach — 
Mar  12,  OS.  2  flss.  1200  w.  20c.  Pro- 
poses more  precise  definitions  of  elastic 
limit,  yield  point  deformation,  etc 

CtoTernor  Springs,  Deflection  of. 

The  Deflection  of  Rotating  Spiral  Ovr- 
crnor  Springs.  J.  Zvontcek.  Z  V  D  I — ^FSb 
22.  08.  3  flgs.  1800  w.  60c.  Gives  for» 
mulas  and  illustrative  calculations. 

^'''''llftxlmum  Stresses. — I.    John  S.  ICyers. 

Machy — Mar.  08.  3  figs.  6800  w.  40c. 
Presents  a  few  common  cases  of  variable  and 
of  combined  stresses,  showing  the  manner 


of  obtaining  the  maximum  stresses  for  which 
njachlne  parts  should  be  designed,  these 
various  eases  leadinp  up  to  the  presentation 
of  tables  and  diaRrains  whereby  the  labor 
of  computing  the  stresses  may  be  very 
mneh  shortened. 

MKrAi^  woBimro. 

Anger  Making. 

Auger  Making  in  an  Old  American  Shop. 
Am  Mach— F^b  20.  08.    0  flgs.    1800  v. 

20c. 

Boring. 

A  Combination  Boring  Har  for  Boring, 
Reaming  and  Facing.  John  Edgar.  Can 
Machy— Mar,  08.    10  flgs.    3100  w.'  10c 

Singte>Bar  Boring  Machine  for  Multiple 
Cylinders.  B.  J.  McKernan.  Am  Kngr  & 
R  R  Jl— Mar,  08.    3  figs.    1600  w.  40c. 

Cams. 

Two  Methods  of  Making  Master  Cams. 
w.  V  LowH.  Am  Mach— Feb  87,  08. 1  flgs. 

2400  w.  20c. 

diMe-HardeBlng. 

Case-Hardening  Steel  with  Gas.  E.  P. 
Ljikc.  Am  Mach — Feb  20,  OS.  9  flgs.  2G00 
w.  20c.  Detjcribes  a  special  Ras  carboniz- 
ing furnace  and  some  pieces  case-hardened 
In  it  which  would  be  very  difficult  to  car- 
bonize by  the  old  method  of  packing  la 
bone,  charcoal,  dbarred  leather,  etc. 

Chain  Maciilncr y . 

Recent  Advances  in  Machinery  for  Mak- 
ing Welded  Chain.  Stahl  u  Blsaa— Fteb  10. 
08.    6  flgs.    1800  w.  OOe. 

Die. 

A  Sectional  Die.  L.  E.  Salmon.  Am 
Mach— Mar  12.  08.  1  flg.  500  w.  20c. 
Gives  sketch  showing  approved  method  of 
constructing  a  large  die  of  Irregular  shape. 

Pile  Testing. 

Recent  Improvements  In  File  Testlns. 
Eng  News — Feb  20.  08.  1900  w.  80c.  De- 
scribes an  automatic  testing  and  Indlcatlns 
m  icbinr  r recently  brought  ost  in  England. 

iiear  Cutting. 

QeaM3ntting  Machinery. — III.  Ralph  B. 
Flanders.  Maehy^ — ^Mar,  08.  21  flgs.  0500 

w.  40c. 

Hobblng  Bevel  Gears  with  a  Taper  Hob. 
E.  Gregory.  Am  Mach— Mar  5,  08.  4  flgs. 
[too  w.  20c.  T;)escribes  a  new  principle  in 
gear  hobblng  employing  a  taper  hob  and 
the  qMcia]  machine  designed  tor  the  work. 
CMndlng. 

NotM  on  the  Use  of  Grinding  Machines. 
J.  E.   Livermore.  Engg — ^Msr  tf,  08.  4 

flgs.    8000  w.  40c. 

Machine  Tools. 

Some  English  Machine  Tools  and  Meth« 
ods.  J.  W.  Carrell.  Am  Mach— Mar  12,  08. 
12  flgs  2100  w.  20c  Describes  some  in- 
teresting types  dllferiiig  from  AxnsrlCMi  d^ 
signs,  useful  small  tools,  limits  Of  Meaner 
and  noteworthy  methods. 
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Some  K(Rtiires  of  English  Milling  Ma- 
chines anrl  I'ractlce.  H.  A.  Carter.  Can 
Machy— Mar.  os.  3  flgB.  1800  w.  20c. 
GW«B  useful  data  and  bints  to  mak«n  and 
operator*,  partievlarly  on  tbe  care  of  mill- 
ing cutters. 

Some  Interesting  Antique  Marhine  Tools. 
B.  A.  Dixie.  Am  Mach— Ft  b  2  7,  08.  2 
flgB.  1400  w.  2ftc.  Illusfr.itofi  modern 
features  found  In  an  engine  latlio  74  years 
old,  and  points  out  tbe  difficulty  ot  depart* 
Ing  from  estetlns  etandarda. 

Some  Planing  Machine  History.  T.  E. 
Shaw.  Mech  Engr — Mar  6.  08.  »  figs.  5200 
w.  40c.  Pa|M>r  read  before  tbe  Coventry 
Engineering  Society. 

MacMniBg  CjrUnden  and  Motor  F^aine*. 

Machining  a  Street-Car  Motor  Ftame.  P. 
Fenaux.  Am  Mach — Mar  12,  08.  5  flgs. 
2600  w.  20c. 

Machining  Cylinders  in  a  Olaacow  Sbop. 
Henry  MunrQ.  Am  Macb — Feb  SO,  08.  10 
ilga.  8400  w.  20c.  Describes  tbe  metboda 
and  tools  used  in  making  engines  tor  beaTj 
motor  Tebicles. 

Screw  Machines. 

Cam  Adjustment  on  Automatic  Screw  Ma- 
chines.   Am  Macb — ^Peb  20,  08.    4  figs. 

1200  w.  20c 
Steel  Dise  Saw.  Toothless. 

The  Action  ot  Toothless  Circular  Saws. 
F.  W.  Harbord.  Engr  (Lond) — Feb  21, 
OS.  t;  fiK!--.  1000  w.  40c.  Gives  an  ex- 
planation, ItaKcrl  on  inltroscopJc  examination 
of  tht^  iilienoinenon  of  a  soft  steel  disc  re- 
volving at  a  blgh  speed  cutting  bard  steel. 

Dies  and  Taps  for  Automatic  Screw  Ma- 
chines. C.  L.  Goodrich  and  F.  A.  Stanley. 
Am  Mach — Mar  12,  08.  24  flgs.  3200  w. 
20c.  Describes  method  of  making  spring 
and  button  dies  and  varions  kinds  of  taps 
with  suitable  rioariinre  and  rntting  proper^ 
ties  for  screw-machine  operations. 

Forming  Tools  for  Automatic  Screw  Ma- 
eblnea.  C.  L.  Goodrlcb  and  F.  A.  Stanley. 
Am  Haeb — Feb  27,  08.  88  flgs.  4000  w. 
20o.  Describes  the  makinc  of  circular  and 
dovetail  forming  tools  with  proper  clear- 
ances and  dimensions  and  tbelr  application 
to  screw-macliine  work. 

Steel,  Heat  Treiitinent  of. 

Alterations  of  Steel  in  Heat  Treating.  J. 
K.  Storey.  Am  Mach—  Feb  20,  OS.  fi  flpa. 
l  liHi  2(<v.     (.r.t  -  t:,l.ul;iti-<i  ;iii<i  rhnrU'd 

results  of  the  expansiou  and  contraction  of 
steel  witii  different  degrees  of  temperature 
in  hardening. 

The  Treatment  of  HiRh-Spced  Steel. 
Ethan  Vlall.  Am  .Mach— Feb  2  7,  OS.  2:500 
w,  20c.  Gives  the  directions  sent  out  by 
!iir;ki  r3  of  a  number  of  well-known  brands 
of  steel,  with  comments  based  on  the  au- 
tbor's  experience. 

Tbe  Work  Sbop  Treatment  of  SteeL  Wal" 
ter  Rosenbafn.  Ir  Tr  Rct — ^Feb  20,  08. 
2000  w.  20c.  From  the  Engineering  Sup- 
plement of  the  "London  Times," 


Taps. 

Taper  Taps. — I.  Erik  Oberg.  Macllir — 
Mar,  08.    i  figs.    3500  w.  40c. 

Welding. 

The  Ali:i:.i;i..;-Thermtc  Welding  Proresa. 
A.  I.  Graham.  Mech  Engr — Feb  7,  08.  2 
figs.  2400  w.  40c.  Lecture  before  tb« 
Sotttb  Wales  Institute  of  Baglneers. 


REFRIGERATHnr. 

Boiler  Foawiing  and  Priming. 

Foaming  and  Priming  In  Boilers  of  Ice 
Plants.  John  C.  Sparks,  ice  &  Ref — mar. 
08.   8000  V.  40c. 

Brine  Temperature,  Rls»  in. 

Cause  of  Rise  in  Temperature  In  Toe  Tank. 
R.  L.  Shlpman.  Ice  &  Ref — Mar,  OS.  Dis- 
cusses the  ri.se  In  temperature  of  brine  In 
freezing  tank  with  tbe  Increase  of  suction 
preetttre  by  Increaalng  tbe  e^nalon. 

Flam  Hotel  Plant. 

RefriKerntlnK  Plant  of  the  Plaza  Hotel. 
J.  C,  La  Vin.  Cold  Stor  &  Ice  Tr  Jl — 
Feb.  08.    11  flgs.    2000  w.  40c. 

AUaing  Shafting. 

AUnlng  FbaftlnK'  by  a  Stool  ^Vire.  \  TT. 
Xourse.  Am  Mmh  Mar  5.  (is.  li^-s. 
1000  w.  20e.  Itr-srrlltes  method  and  Rives 
a  table  showing  the  sag  of  such  wire  for 
various  lengtba  between  supports. 

Drafting  Room  System. 

A  Simple  and  Comidote  DraftlnK-'Rooru 
System.  Wm.  P.  Zlnimenimn.  .\ni  Maeh — 
Mar  12,  08.  15  Ars.  30'Hi  w.  20l-.  Gives 
details  of  a  carefully  planned  connected 
and  modified  system  successfully  employed 
by  a  large  machine-tool  building  firm. 

Englneeriiig  Works,  Anstria, 

The  Skoda  Works,  Pllsen.  Enpp  — Mar 
6,  OS.  20  flgs.  6000  w.  40c.  Dcpcrihe.s 
most  important  company  in  Austria,  in  that 
It  combines  tbe  manufacture  of  steel  witb 
tbe  construction  of  ordnance  and  artillery 
and  with  engineering  tn  all  its  brancbea. 

Factwry  .Movlug. 

Moving  a  Factory  by  a  Plan.  H.  C.  Hag- 
gerty.  Factory — Feb,  08.  8  figs.  1000  w. 
40c.  Tells  bow  a  plant  was  moved  «tgbt 
miles  wltbout  seriously  Interrupting  pro- 
duction, and  wttbout  loas  of  material  or 
breakage. 

Modern  Boili  r  Shop. 

The  BoiU  t  Shop  of  the  Harlan  &  Hol- 
linpsworth  Corporation.  Charles  S.  Ltnch. 
Boiler  Mkr — Mar,  OS.  5  figs.  2000  w. 
20c.  Deaerlbea  one  of  the  most  ttodem 
boiler  shops  In  tbe  United  8tate»— at  Wil- 
mington. Del. 
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Your  LAST  Opportunity 

ONLY  100  SETS  LEFT 

Owing  to  the  popularity  of  this  little  set  of  classics,  we  purchased  from 
the  publishers  some  time  ago  the  entire  balance  of  the  edition,  and  this 
stock  has  now  been  reduced  to  nearly  100  sets.  When  these  are  gone  no 
more  will  be  available  at  any  price,  and  no  new  editiim  will  be  made  or 
could  be  made  to  sell  for  less  than  $5.00  a  set 
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Power  Bqnlpaiait  tor  Snudl  Factory. 

Power  Equipment  for  the  Small  Factory. 
Perdvftl  R.  Mos«s.  Ehig  Mag— Mar,  08.  29 
figs.  6  500  w.  40c.  Presents  the  problem 
confronting  the  designer  of  factor}-  equip- 
ment, and  show-;  the  more  important  factors 
which  should  receive  considfTatlnn  In  de- 
termining the  ih:irart('r  or'  the  pJant  BO  that 

It  may  do  its  work  In  the  most  economic 
way. 

Shop  Improvement. 

The  Regeneration  of  the  Old  Sliop.  Am 
MftCb—Mar  5,  OS.  7  figs.  1800  w,  20c. 
Deieribes  tha  way  In  which  a  new  manag*- 
ment  abandoned  old  methods  and  apedaliaed 
In  the  manufacture  of  woodworking  mar 
winery. 

8TEA>1  POWER  PLANTS. 
Air  Pumps  and  Condeneera. 

Air  Pumps  and  Condensers.    R.  M.  Fer- 
guson.    Morh  Engr — Feb  28,  08.     4  flgs. 
10  00  w.     lOc.    Paper  read  before  the  Man* 
Chester  Association  of  Engineers,  Feb  22, 
,1908. 

The  Corroeion  of  Coadenaer  Titbca.  B.  C. 
Steklea.  Power — ^Mar  10,  08.   10  flga.  3800 

w.  20c.  Discusses  the  tnfltience  of  this 
factor  on  the  choice  of  condenser  equip- 
ment for  power  plants  mUng  aaJt  dreulatias 
water. 


Advantages  of  Corrugated  Flues.  Vernon 
Smith.  Pract  Engr  (Lond) — Feb  21,  08. 
€  flgs.    1700  w.  40c. 

Blow-on  Valvea  for  Steam  Boilera.  R.  T. 
Strohm.  B1  Wld— Mar  7.  08.  9  llga.  3400 
W.  20c. 

Estimating  the  Cost  of  Repair  Work. 
James  Cromble.  Boiler  ICkr^Mar.  08.  S 
flga.    2700  w.  20c. 

Flanwea  and  BpeelAeatlona  of  Firebox 
Steel.  M.  H.  WIckbont.  Boiler  Mkr— 
Mar,  08.  3000  w.  20c.  From  a  paper  pre- 
fl<^nted  !>efnrc  the  American  Society  for  Teit* 

Ing  Materials. 

Layout  of  an  ITp-take.  Henry  Mellon. 
Boiler  Mkr — Mar,  08.    4  fl«8.   900  w.  20c. 

MasBaebmetts    Boiler  RoIob.  Power — 

Mar  3,  2000  w  20c. 

Proportions  of  Steam  Boilers.  John  Cook. 
Boiler  Hkr— Mar.  08.   1  flg.   SOOO  w.  80e. 

Eoonomizers. 

Economlaera.  W.  W.  Melville.  Public 
Wks-^an-Mar.  08.    4400  w.  60c. 

Feed-Water. 

Sliiiplr  Methods  of  Testing  Feed-Water 
ami  Liibrkanta.  James  B.  Noble.  Praci 
EuRr  (Lond) — ^FOb  7,  06,  1  fig.  1500  w. 
40c. 

Test  of  a  Llve-Stoain  Fpod-Water  Heater. 
John  Qoodman  and  D.  R.  MacLachlan,  Engg 
— ^Fieb  28,  08.  2  flga.  3600  w.  40e.  OItm 
data  showing  there  is  no  earing  effected  In 
heating  with  livenrteam. 


\\  a!«  r  for  Eccuomkal  Steam  Generation. 
J.  C.  Wm.  Qretb.  Eog  Mag — ^Mar,  08.  8 
flga.  8000  w.  40e.  Otves  statistics  for  a 
large  number  of  cases  showing  the  saving 
due  to  the  installation  of  proper  water-soft- 
ening apparatus. 

Flue^as  .Analysis. 

Plue-Gas  Analysis  and  Boiler  Efficiency. 

William  D.  Ennls.  Power— Mar  ?,.  OS  ^4  90 
w.  20c.  Describes  the  application  of  flue- 
gas  analysis  to  the  determination  of  the  air 
supply,  furnace  losses  and  estimation  of 
efficiency. 

Flywliocl  Acrlflcnts. 

Recent    Flywheel   Accidents.  Power-— 
-  liar  8.  OS.   1000  w.  80c 

Fuel. 

Crude  Oil  as  Fuel.  Wm.  Cbaddlck.  Engr 
— Mar  2,  08.  9  flgs.  1200  w.  20c.  Olras 
Instructions  for  oil  testing,  details  regard- 
ing its  combustion,  and  points  on  Installing 

system. 

Method  of  Testing  Coal.  S.  S.  Voorhees. 
Min   Sc   Mlu     Mar,  I'lOO   w.     4  w  A 

paper  read  before  the  Soeloty  for  the  Test- 
ing of  Materials,  (lives  results  of  analyses 
and  tests  of  coal  purchased  for  United 
States  Qoiremments  Buildings  In  different 

cities. 

Kiiock«  in  Engines. 

Causes  of  Knocks  In  Steam  Engines. — 
II.  &  III.  C.  J.  Larson.  Power — Feb  18, 
08.    3  flgs.    1700  w.    Feb  25.    8  flgs.  1400 

w.    Each,  20c. 

Low-Pressnre  8tf*am. 

Use  of  Low-l'rosanre  Steam  from  Com- 
pound Engines.  Knj?  Hoc — Fob  22,  08.  3 
flgs.  13  00  w.  2<)c.  Desrribes  apparatus 
for  maintaining  constant  pressure  in  the 
reoefver  of  a  compound  engine  from  which 
Steam  is  drawn  for  heating,  drying,  dyeing, 
etc. 

Plstoti  Sivoi'd,  Limits  of. 

Limits  of  Piston  Speed.  Frederick  Strick- 
land. Bngg — ^Peb  7,  08.   1600  w.  40e. 

Recording  Gage  Chart.s. 

Finding  the  Average  I'rossure  from 
Round-Pattern  Pressure-Uernrdlng  Gage 
Charts.  A.  V.  Youens.  Power — Mar  3,  08. 
2  flgs.   800  w.  20e. 

jBmokestack  and  Water  Tank. 

The  Construction  of  a  Cnmhined  Smoke- 
stack and  Water  Tank.  H.  Stoffels.  Eng 
News — Mar  12.  08.  3  figs.  1300  w.  20c 
Describes  a  combined  elevated  water  tank 
and  a  brick  smokestack  which  earrtoa  tha 
tank,  but  projects  through  and  above  lt« 
with  analysea  of  the  stresses  la  chimney 
and  tank. 

8tean>  riimt  Testing. 

Testing  of  Steam  Electric  Power  Plants. 
— I.  Frank  Koester.  El  Rev — Feb  2  2,  08. 
6  flgs.  1800  w.  Feb  29.  2400  w.  Each, 
SOc  Two  articles  covering  methods  of  con* 
ducting  tests  of  complete  steam-elee^e 
power  plants. 


APBIL,  ISOi. 
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Architects^  ami  Builders'  Magazine 

THIS  Magazine  ia  devoted  to  describing  and  lUustrating  the  artistic,  tecbnicAl  and  con- 
stmctiTe  features  of  modem  building. 
WTiile  it  gives  Ponpi'deraMc  ppare  to  illuBtratintiR,  it  is  by  no  means  a  mere  picture 
book,  but  enters  carefully  into  all  the  coDstructive  and  engineering  features  of  it« 
bidldiiig*,  such  M  foondHtioiiB,  flrapraoftng,  ete.,  gMag  tbe  bert  pnetiee  of  Che 
leading  architecte,  engineers  and  bnilders. 

In  addition  to  treating;  recciit  el ruct art's  in  thif^  full  and  elaborate  manner,  there  appear 
from  month  to  month  serial  ami  r^perial  article-^  on  teclinioal  tut^lflOtS,  IaraI  ^OMttolia  abelillg 
architects  and  buiiiierB  and  other  matters  of  current  interest. 

The  aim  of  the  publifihers  being  to  furnish  an  np4o^te  monlilly  representing  tiM  lifteet 
and  beat  ideae  oi  the  architectural  profession. 

A  new  aiticle  on  Fireproof  Confttnictioii 
started  with  October  Number. 

lanied  HonChlj  at  02.00  per  year.  Canada  $2.50.  Foreign  SafaaeriptUina  18.00  per  year. '  Singie 

CopieH  20  cents. 

WILLIAM  T,  COMSTOCK,  PubUsher 

as  WARREN  STREET,-  NEW  YORK 


Send  for  S  unpi   and CMi Crtejogiiie  B,  with  tenaa  for  Magaiine  and  Tecfaiueal library 

on  small  monthly  paymeate. 


There  is  a  reaeon  why 

MINES  AND  MINERALS 

has  a  larger  paid  circulation  amongf 

Mine  Owners  and  Mine  Officials 

than  any  other  minii^  journal 

The  recuon  U 

Because  it  publislies  more  practical  mining  articles, 
better  edited  and  better  illustrated,  than  any  other 

It  is  devoted  exclusively  to  practical  Mining:  and  Metalluitn^ 
Subscription  Price,  $2.00  per  year  Sample  copy  on  request 

MINES  AND  MINERALS 

DENVER,  COLO.  SCRANTON,  PA. 

Patnmae  £NOU«EEilIKQ  DIGEST  Advertlaera  m«n  Tou  Oaa. 
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Steam  Xurbmcs. 

Proper  Method  of  Testing  a  Steam  Tur- 
bine. Tbomaa  Fraoklla.  Power — Mar  10. 
08.  10  1101,  4200  w.  20c.  DtoouBeB  the 
preveiitlon  o<  dummy  leakage  Md  tbe  lm> 
portanoe  of  the  oiling  system  and  water 
service,  etc. 

Sonic  Intorrstlnc  I-'onfures  of  Rtpam  Tur- 
bine and  Stoani  En^inr<'ring  Constnirtioii. 
Mech  Engr — Feb  7.  08.  3  figs.  2600  w. 
Feb  21.    6  flgi.    2100  w.    Itedi,  40c. 

Steam  Turbine  Construction. — IV.  £  V. 
T.  Franklin.  Mech  Wld— Feb  7.  08.  16 
ligs.  1300  w.  Feb  21.  2  flKS.  700  w. 
Each,  20c. 

Steam  Turbines.  NV.  L,  R.  Emmett. 
Enpr— Mar  2,  08.  1600  w.  20c.  Lecture 
delivered  before  the  Schenectady  Section  A. 

I.  B.  B.  Seta  forth  the  advantages  In 
efficiency  and  capactty.  and  reasons  for  use 
of  stages. 

The  Bolliizzo  Two-Si>eed  Steam  Turbine. 
EngR — rob  2S.  08.  ?.  li>;3.  SOO  w.  40c. 
Describes  a  turbine  designed  to  give  prac- 
tically the  same  eflleiency  at  batf  speed  as 
at  full  speed. 

Tbe  Bmsh-Parsons  Turbine  Machinery. 
En  Kg — T'eli  14.  OS.  ^9  Rks.  5500  w.  40c. 
Give.s  details  of  construction  of  the  Parsons 
type  of  str-am  turbine  manufactured  by  this 
company  for  use  In  turbo-generators. 

The  Curtis  Steam  Turbine  In  Practice. — 

II.  &  III.  Fred.  L.  Johnson.  Power — Feb 
26,  08.  7  figs.  600  w.  Mar  10.  9  figs. 
1100  w.  Bach»  20c.  II. — Gives  detntls  of 
constmctlon.  with  stmpTe.  praetteal  dfree- 
tlons  for  operation  and  ad Justniont.  TIT. — 
Discusses  the  correct  determination  of  the 
clearance  between  buckets  and  Intcriue- 
diatee;  the  safety-stop,  valve-gear,  governor 
and  Ktase  valves. 

Tbe  Biektra  steam  Turbine.  H.  Meuth. 
Z  V  D  I— Feb  8.  08.  14  ligs.  2200  w.  60c. 
II. — Describes  the  application  of  this  motor 
and  also  the  Rolb  rotating  condenser  used 

in  connertion  therewith. 

The  Hulhonsf  Ontral  Station  SIteam  Tur- 
bine Plant.  Frank  C  Perkins.  Can  HngT — 
Mar  6,  08.    4  figs.    1000  w.  20o. 


The  Question  of  Steam  Turbine  Safety 
Governors. — ^I.  Prac  Bngr^Mar,  08.  2000 
w.  40c. 

Tbe  meam  Path  of  the  Turbine.  Charles 
P.  Stelnmeti.  Proe  Am  Soe  M  B — Mar,  08. 
4  flgs.    9000  w.    80c.    Presented  at  the 

March  meeting  of  flie  Am.  Soc.  M.  E.  Mnth 
ematical  analysis  of  the  action  of  steam  in 
a  turbine. 

Turbine  Economics.  J.  R.  Blbblns.  El 
Wld~Feb  29.  08.  3  figs.  5000  w,  20c. 
A  criticism  of  a  recent  article  by  W.  L.  R. 
Smmett  comparing  tbe  Curtis  and  ParwMM 
turbines  In  regard  to  eBlctoner* 

Sup<'riienfe<l  Steam,  Riteclflo  Heat  of. 

Tho  Specific  Heat  of  Supertu'att'd  Stoam. 
Prof.  Sidnev  A.  Reeve.  Power  Feb  IS,  08, 
2300  w.  Feb  25.  2  flgs.  1300  w.  Mar  3. 
8  figs.    2000  w.    Mar  10.    6  flgs.     3600  w. 

Each.  20c.  A  cmnparatlve  study  of  results 
obtained  by  Yartous  experimenters,  vltb  tbe 
author's  conclusions  as  to  the  metbods  to 

employ  in  future  inTesUgaUons. 

Superhentrr     oust  ruction. 

Superheater  Con.strurtion  and  Operation. 
J.  Rowland  Brown.  Power — Feb  26.  08. 
8600  ir.  20c  Gives  a  discussion  of  types, 
tbelr  location,  connections  and  treatment, 
with  formulas  for  computing  area  of  heating 
anrfaoe. 


WOODWORKING. 

Circular  Saws. 

The  Care  and  Repair  of  Circular  Saws. 
James  F.  Hobart.  Wood  Craft — ^Mar,  08. 
0  flgs.  1800  w.  20e. 

Wood  Lathe. 

The  Maeblne  Lathe  In  the  Pattern  and 
Woodworking  Sbops.  H.  N.  Tntfla.  Wood 
Craft— Mar,  08.   9  flgs.   2000  w.  20e. 

Wood  StAlninff. 

Modern  Wood  Staining  Art  and  Practice. 
A.  A.  Kelly.  Wood  Craft— Mar,  08.  2200 
w.  20c. 


COAL  ASD  CUKE. 

By-Prodnct  OAe  Ovens. 

Notes  on  Canadian  n>  tort  Coke  and  Its 
Manufacture.  Rand<ili.li  HoliliiK.  Fni^  News 
 Mar  fi.  OS.  7  ti.::.'--  i.'.ito  w.  iTi^.  De- 
scribes the  methods  of  i>r<Kluciu«  metallurgi- 
cal coke  by  Bernard  and  by  Bauer  retort- 
ovens  for  nee  as  fuel  in  tbe  blest  fufnace 
of  the  Nova  Scotia  Steel  A  Coal  Co.,  at  the 
Sydney  Mines  works. 

The  By-Product  Coke  Oven.  William  H. 
Blauvelt.  Proc  Am  Sor  M  E  -Mar.  08.  6 
flgs.    1200  w.    20c.    Paper  to  be  presented 


at  the  Detroit  meeting  (June.  1908)  of  the 
American  Society  of  Mechanical  Engineers. 

The  Von  Bauer  Coke-Oven  System.  Flec- 
trochcm  &  Metal  Ind — Mar,  08.  8  figs. 
4000  w.  40c.  Describes  the  latest  type  of 
this  German  retort  coke  oven,  designed  to 
effect  the  rrrovery  of  by-products* 

Coke  Oven  CliArgiug  Machlnc«. 

Unique  Electric  Coke  Oven  Machines. 
Frank  C.  Perkins.  Indus  Mag — ^Feb.  08.  8 
fl»;R.   1400  w.  40c.  Showe  the  oonstmetlon 

and  ni'''thi)d  of  oiieration  of  a  novel  charg- 
ing and  di8cbar($ing  machine  for  gas  plants; 
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SELF  EDUCATION 

TEACH  YOURSELF  AND  INCREASE  YOUR  WAGES 

ONLY  DRAKE'S  KMM  WtlTTEN 

PRACTICAL  BOOKS 

CAN  TEACH  YOU  WITHOUT  THE  AID  OF  INSTRUaORS 


EVERY    READER  OF 

Cement  Age 


Is  kept  informed  of  the  prog- 
ress of  cement,  the  building 
material  of  the  age. 

Cement  Age  is  a  recognized 
authority  in  the  field  of  cement; 
it  is  the  best  edited,  best  print- 
ed and  best  illustrated  periodi- 
cal devoted  to  the  subject. 

Each  issue  during  the  coming 
months  will  contain  articles  of 
value  discussing  the  various 
applications  of  cement,  both 
decorative  and  utilitarian.  In 
March  the  first  authoritative 
article  on  the  Edison  house  ; 
in  April,  illustrated  articles 
showing  the  superb  decorative 
work  now  being  done  in 
cement ;  in  May,  a  special 
housebuilding  number,  with 
plans  and  illustrations  of  con- 
crete houses  of  moderate  cost. 

TAe  June,  igoj,  Hotischiiilding 
Number  will  be  sent  on  receipt 
of  price,  2^c.  each. 

Subscription,  $1.50  per  year, 
Canadian   and   foreign,  $2.00 

Sample  Copy,  cents 

CEMENT  AGE 

221  Fifth  Avenue,    New  York 


Kvcry  volume  IlIl^ttlvely  UP-TO-DATE  an»l  writit  u 
in  a  laniriiai;!'  )>o  pUin  thut  I'vun  a  child  i-aii  uniti-r 
■itaiid.  DRAKE  in  the  larxCHt  pdhllKhfr  <if  Modern 
Mechanical  Book*  for  hone  and  (hop  iludy  in  the 
world.  We  puhllsh  tood  lionltK  on  every  ine<  haiil<  iil 
'•ubji'i't.  Oar  Urv*  iOiutratwi  Catalog  now  readjr- 
Sent  free. 

FREDERICK  J.  DRAKE  &  COMPANY 

350  Waha»h  Avenue        CHICAGO,  U.  S.  A. 

In  orilerini:  oureatalni;  pleatK!  meiitldu  this  paper 


NoChargeforService 

TO  READERS  OF 

THE  ENGINEERING  DIGEST 

If  you  are  in  the  market  for 
machinery  or  supplies  of  any 
kind,  or  desire  catalogs  or  in- 
formation as  to  prices,  descrip- 
tions, etc.,  write  The  Engi- 
neering Digest,  and  you  will 
be  put  in  touch  with  the  leading 
manufacturers  or  dealers. 


Architectural  Books 

Architectural  Books 

Send  for  STUDENT  S  ft  DKAFTSMAN'S  Library  Club 
CaXalogue.    (Small  monthly  payments.) 

Alao  General  Catalogue  of  Architectural,  OLlldlng  and 
Technical  Books. 

Sample  copy  of  Architects'  &  Bullderi'  Maguloo  a«ot 
on  r«<]ue«t. 

WM.  T.  COMSTOCK.  PublUher. 

23  Warren  St..  NEW  YORK. 


HAIR  GROWS! 

When  our  VaCUUm  Cap  is  unoa  a  Im 
iiilnut<»«  (lolly.  »i^nt  <.n  00  Jays  FKEE 
trial  at  our  oxp«>ns(<.  No  tlruci*  or  «lnu- 
trlolty.  »l(ifm  falllns  hnir,  curoB  ilandruIT. 
A  {KintAl  lirlnen  illufltrativt  hi>oklct. 

MODERN  VACUUM  CAP  CO. 

.MN)  Ilnr-  li>>  lllix  k  l>i'n»  <T,  <  nlo. 


Patronize   EXOINEEUIXG    DIGEST  Advertisers   When   You  Can 
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ulao  an  American  electrically-operated  ma- 
chine for  drawing  coke  from  bee-hlTO  ovens. 

Ooke  Plant. 

Tbe  PbUUps  Plant  of.  the  H.  C.  Frick 
Coke  Co.  A.  F.  AUard.  Mines  A  Hln^ 
Mar.  08.  1  flgs.  w.  40e.  Describes 
the  arrangement,  coke  ovena.  shaft  construo- 
tion.  and  the  power  plant  «tflldns  coke 
oven  beat. 

OOPPKR, 

Leeching. 

The  NelU  Process  at  Coconino.  Arizona. 
James  W.  NeiU.  Bag  ft  Hin  JI^Mar  14, 
0$.    1000  w.  20c. 

Smelting. 

Copjier  Smelt iiiK  at  Maiiimotii  Plant.  A. 
S.  Haskell.  Miii  &  Min^Mar.  OS.  :'.  figs. 
2  400  w.  40o.  (livos  a  Koueral  description 
of  the  t"iiIar£;o(l  plant  of  the  United  States 
Smelting,  Refining  &  Mining  Co.,  at  Ken- 
nett.  Cal. 

GOLD. 

Qjranidlng. 

Cyanide  Fro<  Ipitallon  and  Clean-Up  at 
the  Portland,  Colorado,  Mill.  J.  M.  Tippett. 
Mill  Jl—Feb  22.  08.  1300  w.  4Uf.  Paper 
read  before  the  Western  Asaoclatiou  of 
Technical  Chemists  and  Metallurgists.  I>ead- 
wood.  S.  D.,  Jan.  2-4,  1908. 

Notes  on  Cvanide  Treatment  of  Gold 
Ores.  G.  E.  Bray.  Mia  Jl— Feb  15,  OS. 
3700  W.  Feb  22,  3000  w.  Each.  4  0c. 
P^per  read  before  the  North  Queensland 
Mining  and  Mill  Managers'  Aaaoefatton. 

Notes  on  IVfliminarv  C\anidati(in  Work. 
H.  F.  A.  Rlebling.    Min  Wld~Mar  7,  08. 

1600  w.    20c.    Extract  from  <*West  Cbem 

&  Met"— Oct,  07. 

Electrolytic  Reaning. 

Tbe  MetaJlurgy  of  SllTor  and  Gold.  J.  W. 

Richards.  Eleclroehem  &  Metal  Ind — Mar, 
OS.  7000  w.  40c.  Gives  calculations  in- 
volved in  e!e<  ti  (ilvtic  refining  prtuoss  of 
both  uietals,  and  includes  tables  ot  their  va- 
por tension. 

Bulling;.  Ithynlite,  Nor. 

The  MontK<nnory-ShoBhone  Mill.  P.  E. 
Van  Saun.  Min  &  Min  Mar,  08.  2  flgs. 
2100  w.  40c.  Gives  a  description  of  the 
eqnlpment  and  methods  of  milling  at  the 
Bullfrog  Reduction  it  Water  Co.,  RhjroUte, 
Nevada. 

Ore  Dn-sslne,  Tjike  Su|>erior  Reijlun. 

\mVo  Siipeii"!  Ore-Drcssing  Practice.  Ij. 
S.  Austin.  .Min  &  Sc  Press— Feb  2i,  08. 
4  llgs.    1200  w.  20c. 

SUroe  Onncentratl«m. 

Advances  In  Slime  Concentration  Prac- 
tice. Edwin  A.  Sperry.  Min  Sc — Feb  13, 
08.  3  IlKS.  3000  w.  Feb  20.  5  nt;^.  3600 
w.    Feb  27.    2  figs.    3800  w.    Each,  20c. 


IRON  AND  STIsIEL. 

American  Iron  bidnstiy. 

Conditions  and  Prospects  in  the  Amerioan 
Iron  Industry.  Edwin  C.  Eckel.  Eng  Mag 
— ^Mar,  08.   1  fig.   4500  w.  40e. 

Basic  Iron  Manufactorc. 

Making  Basic  Iron  with  High  Sulphur 
Coke.    Randolph  Boiling.    Ir  Age — ^Mar  6. 

08.    2400  w.  20c. 

Blast  Pumaco  Gas,  Use  of. 

Tbe  Use  of  Blast  Furnace  and  Coke  Oven 
Gas.  F.  £.  Junse.  Ir  Tr  Rev — Jan  2,  08. 
6  flgs.  6000  w.  20c.  Discusses  recent 
German  practice  in  the  utiUiatlon  of  waste 
gases,  and  points  on  the  economy  resnltlns 
therefrom. 

.  Blast  Funuices. 

Recent  Progress  end  Present  Problems  la 

the  Blast  Furnace  Industry.  John  J.  Porter. 
Ir  Tr  Rev— Jan  2.  08.  8500  w.  20c.  Dis- 
cusses the  engineering  and  metallurpiral 
problems  connected  with  the  operation  of 
the  ttla.st  furnace. 

Tbe  Krupp  Works  at  Rheinhausen.  Ir 
Age— Feb  27,  08.  16  flgs.  4000  W.  20c 
Deecrlhes  the  blast  furnaces,  ooks  ovens, 
Bessemer  and  open-heartli  11001  woiiis. 

blooming  and  finishing  mills.  Of  this  modern 

German  steel  plant. 

The  New  Ulast  Furnace  at  WIttkowltZ, 
Moravia.  Engr  (Loud)— Feb  21,  08.  dOO 
w.  40e. 

The  New  Blast  Furnace  of  the  Shenango 
Furnace  Co.  at  Sharpsvllle,  Fa.  Ir  Tr  Rot 
— Jan  2.  08.    4  f>ii!i.    2100  w.  20c. 

The  New  Open-i^ealtb  Furnace  Building, 
Pennsylvania  Steel  Works,  Steelton.  lOng 
Roi     Feb  25.  08.    10  flgs.    3100  w.  20c 

liriiiiiettiug  Iron  Ore. 

The  Briquetting  of  Iron  Ore.     Stahl  u 
Elsen — Mar  4,  08.    1  fig.    4500  w.  60c 
The  Scott  Method  of  Sintering  Fine  Ores. 

Ir  Age— Feb  20,  08.  3  fii^p.  inno  w.  2nc. 
Describes  method  of  puttiui;  line  ores  and 
flue  dust  from  blast  furnaces  iiitn  .siu-h  shape 
as  to  make  them  suitable  for  charging  into 
the  fumaoe. 

Coal  Dust  for  llcverb<^ntory  Furnaces. 

Coal  Dust  Firing  for  Ileverheratorv  Fur- 
naces. Charles  F.  S1ih11i>.  Eiit:  a::  Min  Jl  — 
Mar  14.  08.  3600  w.  20c.  States  that  the 
powdered  ash  introduces  a  number  of  com- 
plications and  renders  the  value  of  the  at- 
tachment of  waste-heat  boilers  problemat* 

icn! 

Crop  Ends  and  begregatioOf  Lessening. 

The  Compression  of  8eml-U<iald  Steel  In- 
gots. N.  Ltllenberg.  Jl  Frank  Inst — Feb. 
08,  13  fiRS.  14,000  w.  SOc.  Paper  read 
before  the  Franldin  Tn.stltute,  .Tan  2  7,  OR. 
Describes  means  idr  niakini:  inuot.';  solid  and 
of  projier  strneture.  as  wrll  ds  for  le.'-seninK 
the  crop  tfiids  and  segregation.  Data  in 
regard  to  pnw.  r  i  eqnirements  and  coot  of 
plant  are  also  given. 
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BUYERS'  GUIDE  AND  ADVERTISERS'  DIRECTORY 


Et«it  AdTertlaar  to  mtitlMl  to  antry  in  this  i 


 inal  ebkraa. 

iwUlbvaateMtofiidto 

I  Dm 


ArctiitccUi'  and  Engineers'  Supplies: 
Bull  ft  BuB  Co.,  BoslOD,  Ma»B. 
a  tL  UlftloM  i.  Co..  2tl  9th  St..  Broold7D,  N.  T. 
KitaHhTCo.,  188  FultoD  St..  N«w  York. 
&  O.  RlMlilt  A  Co..  119  Fulton  St..  Now  Tinfe. 
B.  MtC  *  Son.  168  B.  Madlaon  St..  ClUeaco. 

Bfiie  Prmting  MfJitnea; 
RoTolute  Machine  Co  .  527  W.  45th  St.  Now  York. 

Boiler  Blakers'  Tools: 
Richard  Dudcooo.  26  Columbia  St.,  New  York. 

Books,  Technical  and  General: 
American  School  of  CorrefipoDdence,  Chicago,  III. 
U.  C.  Clark  Pub.  Co.,  3S3  Dearborn  St..  Chleaco. 
Wm.  T.  Comxtock.  23  Warren  St..  New  York. 
Frederick  J.  Drake  A  Co.,  CblcaMk  Hi. 
Xnglneerlns  News  Book  Dept..  iSO  BNadWSr*  N«W 
Edward  Godfrey,  PItuburg,  Pa. 
Railway  Age,  Chicago.  Ill 

The  Ronald  Press,   a>0  Broadway,  New  York. 
Bpon  A  Chattiix  rlaln,  ll'.'l  K.I).  LlbPrly  St.,  New  Yoflb 
TeoIiDlcal  Llieraiure  Co.,  220  Uroadwav,  New  York, 
loto  Wllo  ft  Boos.  48  tut  laOk  St..  Maw  York. 


— nnr-  Creek  Bridge  Co.,  Rattle  Creek. 
Oaoerete-Steel  Eng.  Co..  Park  Row  BMg.,  Htm 

Calculating  Machines: 
Clipper  Mfg  Co.    368  Gerard  Are.,  New  York. 
Edge  Couputer  Sales  ARcncy,  220  Broadway.  New  Yotk. 

Cement,  Natural  and  Portland: 
Lawrence  Cement  Co..  1  Broadway.  New  York. 
Chemists: 

Isdastrtal  Laboratories,  164  Front  St.  New  York. 
Mlablsan  Technical  Laboratory,  Detroit,  Mich. 
J.  B.  Teeple,  164  Front  St..  New  York. 

CSra  Engineers. — See  Professional  Cards. 
Clocks: 

Prentice  Clock  Imp.  Co.,  92  Chambers  St.,  New  York. 

ConcroCe,  Reinforced: 
Oonerete-Steel  Eng.  Co..  Park  Row  Bids..  Nsw  Tock. 

Consulting  Englnesm: 

(8m  Professional  Cards.) 

Contractors. — See  also  ProfSSSiOlMl  CuAk 

Oopfing  Tracing  Cloth: 
■lsatM««n  BUM  Print  Co.,  44  BrosS  St..  New  Tsrti. 

Correspondence  Courses : 
Amsrtcan  School  of  Correspondence,  Chicago  III. 
Concrete  EnKluc^rlng,  5H7  Cnxton  Bldg.,  Cleveland,  O. 

Drawing  Materials: 
a  11.  HifSiiu  A  Co..  211  9th  St..  Brooklyn,  N.  Y. 
Kstaseh  ft  Co..  US  Fulton  St.  Now  ToA. 
B.  O.  Rsohto  ft  Go..  110  Fulton  St..  N«w  Toik. 
R.  Soelis  A  Sod.  idS  B.  Msdlsaa  8t.  ChtatSuIII. 

Bni^eers*  SnpfMes,  iMlninMnta,  met 

Bnff  A  Buff  Co.,  Boston,  Masa. 
KolMCh  A  Co.,  138  Pulton  St,  New  York. 
B.  O.  Rueble  A  Co..  119  Fulton  St.  New  York. 
B.  Seells  A  Son.  ite  a.  Msdlsoa  bb.  OUwsSk  IB. 
EBgiaiw: 

~  IB  Oo^.  B..  tUO  Maltr  &,  Nflv  Ttak. 
n 

BsblUls  OOb.  IMi.  a  BNadOTF.  M«v  Tsik. 


Delta  File  Works.  82S9  Frsakford  Ava..  Phila..  Fa. 

Gas  Frodnoen: 
Oas  Power  Co..  2  Rector  St,  New  York. 

HTdnuiIic  Jacks: 

Richard  Dtidseon,  20  Columbia  St,  New  York, 
ninmlnating  Engineers: 

Bureau  of  IllumlnatlnK  Engineering,  437  Fifth  Ave..  N.  T. 

Instrunient8,  It<-«-ordlnK: 
Ernest  H.  Du  Vlvlcr,  14  Church  St.,  New  York. 

Insulated  Wire: 
Bablrshaw  Wire  Co.,  2.VI  Broadway.  New  York. 

Jacks,  Hydraulic: 
Richard  Dudgeon,  20  Columbia  St.  New  York. 

Lead  Covered  Cables: 
Bablnluw  Wire  Co..  203  Broadway.  Now  Yofk. 


OfDce  Appliances: 

Clipper  Mfg.  Co.,  368  Gerard  Ave.,  New  York 

B.  O.  Rueble  A  Co.,  IIU  nilton  St.  New  York. 

Point  (Preservative) 

Toredo  I'roof  Paint  Co.,  17  Battery  Place,  New  York. 

Paper  Clips: 
CUpper  Mfg.  Co..  308  Gerard  Ave,,  New  York. 

Patent  Attorneys: 
Fred  W.  Barnaclo,  150  Naaaau  St.  New  York. 
Edward  S,  Beach.  60  Wall  St.  New  York. 
William  T.  Jones,  Metzerott  BIdg.,  Washington,  D.  0. 

C.  L.  Parker.  24  DleU  BIdc.  WaahlDgton,  D.  C. 
Joahua  R.  H.  Potta,  80  Dearborn  St,  Chicago. 
Tkoa.  Draw  Stotaon.  im  F«ItOB  St.  Maw  York. 

FMMfis,  iBkt 
Tks  Rod  Dwart  Agency.  Room  M,  206  B'wsy.  Na»  Tscfe. 
Periodleaii,  Teduricslt 

Amarican  Builders'  Rerlow. 
Canadian  Municipal  Journal 

Compressed  Air.  New  York. 
Concrete  EuKincurlnK.  Cleveland,  OhlOk 
Electric  Railway  Review.  Chicago. 
Bnginoaring-Contractlng,  Chicago, 
■nalnaerlng  News,  New  York. 
Induatrlal  Magaalne.  Park  Row  BMs..  Now  Tack. 
Iron  Age,  New  Yoric 
Railway  Age.  Chicago. 

Phonographs: 

Duplex  Phonograph  Co.,  803  Pattanea  SC.  KslamsssOb 

Mich. 


Piling,  Steel: 
Wamllnser  Steel  PIUsc  Ot., 
Pumi 


Ic  Ram  Co.,  R.,  3180 
les,  UydnuiUc: 

as  OolwUa  tb.  Ns»  Tstfc. 


ATSk,  mns.,  VA. 


Armour  Iri'tttuta  of  Technology,  Chicago, 
Clarkson  iicbool  of  Technology,  Potsdam,  N.  T. 
Lietalgk  Univeralty.  South  Bethlehem,  Pa. 
Ohio  Moithara  Unlvmi^,  Ada,  Ohio, 
Raaaaalaar  Polyto^ie  Taatttvto.  Troy.  N.  Y. 
Rom  Polytoeknle  Inatltato,  Tarro  Uauta,  Ind. 
glgnal  Wire: 

HsMrabaw  Wire  Co..  203  Broadway,  New  York. 

Steel  Piling: 
Wemllnger  Steel  Piling  Co.,  Bowling  Qrean  OlUoaa,  K.  T. 

Stmctnral  Steel  Computer: 
Bdge  Computer  Sales  Agency.  220  Broadway,  New  York. 

Talking  Machines: 
Daplex  Phonograph  Co..  303  Patterson  St,  Kalamaioab 
Mlrh. 

Tanks,  Wooden: 
BSltlmore  Cooperage  Co..  Baltimore,  Mi. 

Technical  Illustrating: 
Tin  Taehnkal  lllaatraUne  Co..  Box  888,  Seraaton.  Pa. 

Teadnff  lAdionitorlM: 

Industrial  Laboratories.  164  Front  St,  New  York. 
Meade  Testing  Laboratory.  Nazareth,  Pa. 
lilehi^gn^Mlinlcal  Laboratory,  DeUolt.  Micb. 


Wm.  Jessop  ft  Sona,  01  John  St.  N.  Y. 
Tower*.  Steel: 

Baltimore  Cooperate  Co.,  Baltimore.  Md. 

Tulje  Expanders: 
Rlcharil  DudKPfin.  20  Columbia  St,  New  York. 

N'niiHdIuin : 
Vanadium  Alloys  Co  .  25  Broad  St.,  New  York. 

Water  .Supply: 
Rife  Ilydniiillc  Ham  Co,.  R.,  2100  Trinity  B.,  New  York. 

Wire,  Insulated: 
Hablrshaw  Wlr<>  Co.,  253  Broadway.  New  York. 

Wood  Preservatives: 
ToredO'Proof  Paint  Co..  17  Battery  Place,  Now  Tork. 
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Electric  IJrirc. 

Electric  Drivinf?  of  Steel  Mills.  Gerald  J. 
Hooghwinkel.  Ir  Tr  Rev— Feb  20,  08.  1200 
w.  20c. 

T:ioctric  Driving  of  Rollins  Mills. 
WiUiaui  T.  Dean.  Ir  Tr  Rev — Jan  2,  OS. 
7  flgB.    6500  w.  20c. 

Bl^Ctrlr  Snu'ltiiiK  f>f  I'lR  Iron, 

The  Electrical  Smelting  ot  Pir  Iron.  Hor- 
ace Allen.  Medi  Bngr — ^Feb  28,  08.  1600 
W.  40c.  Gives  figures  relating  to  the 
emeltlng  of  Iron  in  electric  fuTnaces,  which 
show  to  some  est<'iu  the  variation  in  the 
electric  current  expended  by  the  different 
systems  and  on  clanea  of  ore  differing  in 
Quality. 

Ferro  Alloyn. 

Ferro  'AUofs  and  Metals  Used  In  Steel 
Xannfaoturtng.  (Concluded.)  W.  Venator. 
Stalil  u  Blien — ^Feb  10,  08.  4  figs.  1200 
w.  <0e. 

FiB'TriinmIng  Machine. 

A  New  Machine  for  Trlromiog  the  Fins 
from  Rolled  Angle  Sections.  Stahl  a  Blseil 
—Feb  19.  08.    4  figs.    1200  w.  60c. 

Nickel  Steel. 

The  Determination  ot  Nickel  in  Nickel 
Steel.    O.  Rrunck.    Stabl  u  Btion — Mar  4, 

08.    2000  w.  60c. 

l*ho8phoru.H  and  Sulphur  DeterminatlnnB. 

Determination  of  Phosphorus  In  Steel.  M. 
Frank  and  F.  W.  Hendrlcksen.  Stahi  u 
Etsen — Feb  20.  08.    2000  w.  60c. 

The  Determination  of  Sulphur  in  Iron  and 
Steel.  H.  Kinder.  Stahl  u  Eisen — Feb  19, 
08.    9  fIffB.    fiOOO  w.  60c. 

Rail  Mnnwfactiire. 

Explanation  and  Diagram  Showing  Cool- 
ing Cnrvp  of  Steel.  Ind  Wld  -Mar  9,  08. 
soil  w.    I'lic,    Shows  tilt'  In  ifmper- 

ature  by  de>;rees.  and  the  liours  required 
to  cool  Bteol  from  fluid  to  non-workable 
solid,  and  bow  cooling  periods  would  affect 
the  T-rail. 

Marking  Rails  to  Indicate  Thoir  Relation 
to  tbe  Origlual  Ingot.  Eng  News — Mar  12, 
08.    1000  w.  20e. 

Report  *»  nantt  Sefaedole  Imp. 

Outline  for  a  Report  on  an  Iron  and  Steel 

Plant.    Min^-s  &  Min  (Denver) — Feb  28,  08. 

1000  w.  I'm  ,  niv.-s  si  lH  ilnti'  air;iliL'i>d  by 
the  fnri:!ty  ol  Ihf  Coluiado  School  of  Mines. 

ll«Mu>tiuK  iron  Sulpliides. 

The  Wilflev  Furnace.     J.   M.  McClare. 

Eng  &  Min  Jl— Mar,  OS.  1  fig.  1000  w. 
20c.  Describes  an  Improved  furauce  for 
roastinit  iron  uulpbldea  preparatory  to  mag* 
aetic  separation. 


Zl-NC. 


IMbtlie  Smeltiiiflt* 

Matte  SiiU'ltinir  at  IiiKot,  California.  W, 
B.  Bretberton.  Eng  &  Mia  J1-— Feb  29,  08. 
6  flgs.    7400  w.  20c. 

Plant,  Knipire  Zine  Cu. 

Canon  City  Plant  of  the  Empire  Zinc  Co. 
Mines  ft  Min  (Denver) — ^Mar  6,  08.  1  tg. 
1100  w.  20c; 

Zinc  in  1807. 

A  RtfTtev  ot  tlio  Ztnc  Ittduotrjr.  H.  U. 
Burkay.  Bleetroehem  &  Metal  Ind — ^Mar, 
08.  3800  w.  40c.  DiMusses  the  various 
phases  <rf  the  zinc  Industry  during  the  year 

1907. 


MtSSCELLANKOVS. 


Electric  Furnace  Reactions  Under  High 
Gaseous  Pressures.  R.  S.  Hutton  and  J.  E. 
PeUvel.  Engr?  F.  b  21.  08.  20  flgs.  2800 
w.  Feb  2  8.  '^C  fl^^s  11.000  w.  Each,  40c. 
Abstract  of  paper  (0111111111111  uted  to  the 
Royal  Society.  Gives  rfsutts  of  a  research 
to  determine  the  correlation  between  the 
physical  conditions  and  the  chemical  efTects 
In  the  electric  furnace,  and  more  especially 
to  ascertain  the  direct  results  produced  by 
high  RBBeouB  pretMures. 

Metallurgy. 

Practical  Metallurgy. — ^I.  Horace  Allen. 
Pract  Engr  (Lond) — Feb  21.  08.  2000  w. 
40c.  Gives  a  comprehensive  table  showing 
the  principal  properties  ot  various  metals. 

Refractory  Materials. 

Refractory  Materials.  Thof.  Hol^ate. 
Engg — Feb  21,  08.  24  00  w.  A\)v.  Discusses 
recent  investigations  concerning  the  proper- 
ties ot  refractory  materials  used  iu  fur* 
nacM. 

The  l'»e  of  Chrome  Ironstone  ;i     1  i: 
fractory  Material.     M.  Simonis.     Siatil  u 
Bisen— Mar  4,  08.    1  flg.    200  w.  60c. 

Smelters,  IiocatloB  ot. 

The  Locatlnii  of  SmeKliii;  Works.  Redick 
R.  .Moore.  Eng  &  Min  Jl— .Mar  14.  08.  800 
w.  20c 

Tung)»tic  AeJd,  Deienntnatlon  of. 

A  New  and  Short  Method  for  the  Deter- 
mination of  Tungstic  Acid  in  Tungsten  Ores. 
John  B.  Bckley  and  George  D.  Kendall.  Mia 
jl—Feb  22.  08.  2200  w.  40e.  Paper  read 
before  the  Western  AssodftUon  of  Technical 
Chemifts  and  MetallorglBts.  South  Dakota, 
Jan.  2  to  4,  1»0S. 


AruiL.  100s. 
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One  if  die  Moit  VahtUe  BmIm  far  &igiMcrfag^Ginliiclan  Ever  PdMed 


READY  THIS  MONTH 


CONCRETE  SYSTEM 

By  FRANK  B.  GILBRETH 

M.  Am.  Soe.  M.  E. 


Price,  $5,00  net 

GcfMrol  OaiUnmB  of  **Conermim  Syttm" 

This  concrete  syetetn  contains  the  written  ideas  of  the  most  sue* 
cf'ssful  men  In  thi'  orf^iiiilzation  of  ono  of  tho  most  successful  of  Ameri- 
can contractors,  partaking  of  the  nature  of  a  sfit  of  spoclflcallons,  telling 
HOW  to  do  the  work,  economically,  expeditiously,  systematically  and 
safely.  Till'  rules  and  Inatructions  are  those  which  have  been  used  with 
satisfaction  in  Mr.  Gllbreth's  own  work.  They  were  written  speciallj 
for  the  use  of  his  own  employees,  as  in  the  case  of  his  "Field  System," 
and  to  a  great  extent  consist  of  a  valuable  portion  of  tttt  "stock  ill 
trade"  of  his  orsanization.  The  fact  that  Informatlaia  ragazdlns  Ida 
meUiods  fovnd  Ito  way  to  eompetttoia  decided  Mr.  CHlbrekli  to  publtth 
his  books  for  the  benefit  of  the  public  v1u>  mlcM  Im  Int^nsted. 

"Concrete  System"  Is  prlmarilr  a  book  of  fnstraetlons  to  the  em- 
ployees of  the  author,  glvluK  the  best  practice  In  all  drrnrtmrnt:-,  nnrl 
containing  tlie  entire  set  of  rules  under  which  they  work  in  ail  parts 
of  the  country.  I'he  strict  maintenance  of  these  rules,  through  which 
snperintenUents,  foremen,  ami  timekeepers  arc  trained  in  the  "duplicate 
part"  system,  has  contributed  largely  to  the  success  Of  tSut  author*  ttf 
eoablicg  him  to  make  a  specialty  of  "Hpeed  work." 

The  book  will  he  profusely  illuslrafod  with  some  200  half-tone 
iUastratlons.  the  majority  of  them  being  fuU-page  plates;  many  detailed 
and  worklBg  dravlnga.  orgaalzatton  Charts,  etc.,  alt  taken  from  actual 
work  done     the  author. 

The  etoth  binding  will  be  strong  and  substantial;  the  price  Is  as 
low  as  possible  ( niisis(.'nt  with  such  a  high  class  publication. 

Orders  should  be  sent  us  NOW  and  will  be  filled  in  the  order  rcH 
celved  as  soon  as  the  book  la  off  the  press. 

Said  lor  Descriptive  Circular  "  CS** 

The  Engineermg  News  Book  DepL 

220  Broadway y  New  York 


Patvoatae  ENOIXBBRINO  DIOBST  Adwrtleers  When  Tmi  Can 


Digrtized  by  Google 


466 


THE  ENGINEERING  DIGEST 


MINING  ENGINEERING 


Coal  Mining  in  Northnmborland  hy  thn 
Bord-and-PllIar  System.  George  H.  Dixon. 
Sag  *  Mia  Jl— Fab  28,  08.  3  flgs.  2200 
w.  SOa 

ComparailTe  Amount  of  Dust  Made  In 
Mining  with  Puncher  Machines,  Chain  Ma- 
chines an  i  Ilund  Mining.  B.  F.  JonM.  Hln 

6  Mln— Mar,  08.    1000  w.  40c. 
XqnliMiiwit  tor  the  Prerentioii  of  Mine  S<z- 

plosions.  Willrar  S.  Mayers.  Xns  $t  HIa 
jl — Feb  22,  08.    2000  w.  SOe. 

Lipnitr  lirlq  netting  In  Germany.  Robert 
Schorr.  Eng  &  Mln  Jl— Feb  29,  08.  2100 
w.  20e. 

Plaaa  tor  Mlalag  a  Ftat  Coal  Seam.  And- 
ley  H.  Stow.   Bug  ft  Mia  Jl — Mar  1,  08.  2 

figs.  2600  w.  20c.  Descrlhes  an  operating 
■ystem  that  reduces  cost  of  output  to  a 
minimum. 

Recent  Bxploiions  in  Coal  Mlaee.  H.  M. 
Chance.  Bds  *  Mia  Jl— Mar  14»  08.  S800 
W.  20c 

The  BitumlBOUS  Washery  at  Tyler,  Pa. 
Bdward  K.  Judd.  Eng  &  Mln  Jl— Jan  29. 
08.  4  flgs.  1400  w.  20c.  Describes  olec- 
trlcally-operati  1  pl  int  in  whi(  ii  the  sulphur 
and  ash  contents  In  tVe  <:oal  are  rcd"uced 
aearly  one-halt. 

The  Cioal  Brlquetting  Plaat  at  Baakhead, 
Omada.  Ir  Agth— Mir  IS,  08.  8  flgiL  1000 
w.    20c.   Describea  a  aew  plaat  emplayiag 

the  Zwoyer  process. 

OPilorndo,  (^logy  of. 

The  Historical  OeTelopment  of  Colorado 
TIewed  tnm  a  Qatriogieal  Btaadpolnt.  T.  A. 
Rldtard.  Mln  •  Be  Preao  Fah  82.  08.  8200 
w.  20e. 
Ctaacrete  in  Mines,  Use  of. 

Notes  oa  the  Use  of  Coacrete  la  MInea. 
W.  R.  Craae.  Coa  ft  Cottstr  Bagc — ^Mar,  08. 

7  figs.   8400  w.  OOe. 
Opper. 

Petrology  of  Evergreen,  Colorado,  Cop- 
per DeposlL  B.  A.  Ritter.  Mln  So — Mar  6, 
08.   8  llgB.   2900  w.  20e. 

The  PoderrTi  Ooppor  Mine.  CollahuasI, 
Chile.  Robert  Haw.xlmrst,  Jr.  Eng  & 
Min  Jl — Mar  7,  08.    ICOO  w.    2  0c. 

The  Whits  Horse  Copper  Belt  In  the  Yu- 
kon.—iv.     William    J.    Elmendorf.  Mln 
Wld— Feb  22,  08.   1100  w.  20c 
Drilling. 

A  Hand  Power  Rock  Drill.  T..  B.  Or- 
chard. C:iii  Min  Jl— Feb  IT.,  OS.  ?>  flgs. 
I'.OO  \v.  20c.  Df'Pcrihes  a  simple  device 
for  drilllag  by  prospectors  which  can  be  used 
for  raising  or  drifting. 

Machine  -vs.  Band  Oriltlng  la  Slaklag  on 
the  Rand.  Eustace  M.  Weston.  Ens  ft  Mln 
Jl — Feb  29.  09.  2  flgs.  3200  w.  20c. 
States  that  future  labor  shortaKo.  attend- 
ing industrial  development  and  Improved 
drill  design  will  cause  machine  sinking  to 
l»aeom«  preferable. 


The  South  African  Stope-Drlll  Competi- 
tion. Eustace  M.  Weston.  Eng  &  Min  Jl — 
Mar  7,  OH.  [i  flgs.  4000  w.  20c.  Gives 
results  proving  conclusively  the  superiority 
of  air-hammer  drills  aa  one-man  drilla. 

Trial  of  Stoplng  Drills. — ^n.  Bngr  (Load) 
— Feb  14,  08.   0  flga.   1500  w.  40e. 

BsploalTesa 

Composition,  Classification  and  Uses  of 
High  Explosives.  W.  H.  Graves.  Min  Sc — 
Feb  20,  08.  2C00  w.  20c.  Discusses  com- 
pounds and  mixtures,  nitroglycerine,  dyna- 
mite, gun-cotton,  sprengei  and  aafetj  e^ 
plosives,  detonators,  etc. 

Methods  of  Thawing  Bzplosivea. 
Contr— Mar  11,  08.    1700  W.  800. 

G«ology. 

Geology. — II.  James  F.  Kemp.  Mln  ft 
Mln  (Denver)— Mar  0,  08.   8800  w.  80o. 

<Sold. 

Hontestake  Coat  Data.  C.  W.  Merrill.  Mln 

ft  Mln— Mar,  08.    1  fig.    800  w.  40c 

I»ropertl#>8  of  the  New  York  &  Honduras 
Rosario  Mining  Co.  Francis  C.  Nicholas. 
Mln  Wld— Feb  29,  08.  6  flgs.  1700  w. 
80e. 

Iron. 

Methods  of  Mining  Iron  Ore  at  Sunrise, 
Wyo.  B.  W.  Vallat.  Eng  &  Min  Jl— Feb 
22,  08.  0  flgs.  1500  w.  20o.  Describes 
replacement  of  stoam  ahoTel  mining  Um 
milling  system. 

The  Bcoaomle  Geology  of  Morthora  New 
York.  Frank  S.  Mills.  Eng  ft  Mln  Jl — 
Feb  22.  08.  3  flgs.  1700  w.  20c.  De- 
scribes the  valuable  deposits  of  p.\r1tes, 
graphite  and  Iran  ores  in  this  region,  which 
are  neglected  beoaoae  Of  TarlOUB  mtKfW' 
able  conditions. 

Ufe-SaTlng  Apparatos. 

Modern  Life-Saving  Apparatus  for  Minos, 
Frank  C.  Perkins.  Mln  Wld— Feb  28,  OS. 
7  flgs.    2800  w.  SOc 

Location  of  Claims. 

The  Location  and  Survey  of  Lode  Mining 
Claims.  Frank  B.  Goudy.  Mln  Sc — Feb  20, 
08.  2700  w.  Mar  5.  1600  w.  Each,  20c. 
atves  practical  bints  for  laymen,  prospectors 
and  surveyors,  as  to  mineral  land  acanlsi' 
tion,  apex  rights,  location  metiiods,  samr* 
Ing,  solar  observations,  etc. 

Mine  HoisCiBg  and  Haolagew 

Aerial  Ropeway  at    a  Colltery.  Engr 

(Lond1— Feb  14,  0?.  2  flgs.  ROO  w.  40c 
Describes  au  installation  la  which  the  rope- 
way carriers  successfully  pasa  at  angles  as 
high  as  125  degrees. 

AdTaotages  of  Electric  Haulage.  Fkad 

Norman.  Mln  &  Min — ^Mar,  08.  2700  w. 
40c.    Compares  the  different  kinds  of  haul- 

ace  and  states  the  conditions  favorable  to 
each;  compressed  air  vs.  electric  locomo- 
tives. 
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THIS  CUT  shows  the  only  double  pump  Hydraulic  Jack  of 
thia  form  on  the  market.    This  Jack  is  opented  in  the  usual 
way,  excepting^  that,  when  both  pumps  are  used,  the  valve 
handle  must  be  turned  to  the  left ;  when  one  pump  only  is 
used,  it  must  be  turned  straight  downward.    The  lowering  is  done 
by  tumin}^  the  valve  handle  to  the  right  or  by  using  the  lever  in 
the  ordinary  manner. 

RICHARD  DUDGEON 

Inventor,  Patentee  and  Original  Manufacturtr  of  IA«  HydrnuJir  Jack, 
BKHOME  AND  COLUMRIA   STRKKTS        ::         NEW  YORK 


JESSOP'S  STEEL 

Wm.  Jessop  &  Sons,  Ltd. 

MMUFACTORT.  SHEFFIELD.  ENeUND 
CU»r  AoMfiaaa  OffiM  tl 


To  Secare  Good 

Results 
Buy  It 
For  Tools 
Ninins  Drilby  etc. 


T^O  YOU  KNOW  how  completely,  con- 
-^cisely  and  practically  THE  RAILWAY  AGE 
covers  all  steam  railway  topics  of  interest? 

Most  railway  men  know,  because  more  of  them  read  Thb  Railway  Ace  than 
mny  other  journal,  and  it  has  tttbactibers  wherever  there  are  raihrayt. 

If  you  would  like  to  know,  atk  for  aample  copies,  which  will  glaiUy  be  tent  on 
your  request. 

Then  you  wili  iind  these  to  be  the  facts; 

The  R.'\ILWAY  Ace  is  the  authority  on  every  question  pertaining  to  the  construc- 
tion, maintenance,  operation,  traffic,  accounting  and  administration  of  steam  railways. 

Thb  Railway  Aob  is  an  invaluable  reference  to  every  development  and  every 
improvement  in  every  branch  of  railway  service. 

Published  every  Friday  in  the  year  and  seven  times  daily  during  the  annual 
mechanical  oonventiont— fifty^nine  issuea,  $4.00. 

Ask  for  the  samples  anv — while  you  think  of  it. 


ISO  Muwa  Sk,  S«w  Xork 


ClavalUid,<X 


160  ITarrison  Straat 
CHICAGO 


PatroBli*  BNOINBBRINO  DI0S8T  Advertlwn  Whm  Tqo  Om. 
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New  Sjrstein  of  HudltDg  and  Dumping 
Mine  Cars.     lad  Mas — ^Feb,  08.    4  figs. 

2500  w.  40c. 

Tho  Installation  of  tho  Stenra  Power  Mine 
Plant.  Otto  Uiihl.  MIn  Sr — Mar  5,  OS.  2300 
W.  SOc  Gives  notes  relating  to  the  boiler- 
houM  and  the  mttliis  oi  foundations  for 
bolter  to  Insure  maximum  oombustton  e81-> 
ciency. 

Winding  Ropes,  Safety-Catches,  and  Ap- 
pliances in  Mine  Shafts.  Edrr — Feb  11, 
08.  7  figs.  2800  w.  40c.  First  article 
discusHing  the  Royal  CSommlwilon  tor  MlnM 
in  Uie  Transraal. 

Use  of  the  Steam  Accumulator  In  Mining. 
Jos.  H.  Hart  Mln  WId— Mar  7,  08.  1400 
w.  20c. 

Bone  Pumping  and  Drainage. 

Notes  on  Some  Tests  and  Results  with  an 
Oddie-tiarclay  High-Speed  Mine  Pump. 
Charles  Latham.  Mln  Jl — Feb  2  2,  OS.  3 
figs.  1800  w.  Feb  29.  1700  w.  Each. 
40c.  la  per  read  before  the  Mining  Inatitute 
oC  Scotland. 

Tapping  Mine  Water  Under  Oreat  Prae- 
Buro.  Robert  Sibley.  Bng  ft  Mln  Jl — Mar 
14,  08.    5  figs.    1900  w.  20c. 

Ore  Depoeltleii. 

A  Theorv  nf  Ore-Deposition.  J.  E.  Spurs. 
Mill  &  Sc  Press— Feb  22,  08.    6000  w.  20c. 

Dlffusiou  as  a  Factor  in  Ore  Deposition. 
Courtenay  de  Kalk.  Min  A  Sc  Press — Feb 
16.  08.    2800  w.  80e. 

Pktiepecting. 

Prospecting.  Fletcher  Young.  Mines  & 
Mining — Feb  21.  08.  2  400  w.  20c.  Sug- 
gestion (or  proapecting  from  the  Queensland 
Govemmwit  Mining  Journal. 

Salt. 

An  Improved  Method  (or  Mining  Salt. — ^11. 
Herman  Fraseb.  Mln  Wld — ^Feb  22,  08.  6 
flgB.    2300  w.  20c. 

The  Saline  Deposits  of  Carmen  Islands. 
Edward  H.  Cook.  Eng  &  Mln  Jl — Mar  1^. 
08.    5  flgfl.    8000  w.  20c. 


Bbad  Sinking  and  Timbering. 

Improvements  in  Crossheads  for  Shaft 
Sinking.  Eustace  M.  Weston.  Eng  &  Min 
Jl— Mar  7,  08.    4  flgs.    1200  w.  20c. 

Shaft  Timbering,  Brakpan.  Transvaal,  S. 
A.  Bnstace  M.  Weston.  Bng  A  Mln  Jl — 
Mar  14,  OS.  2  flps.  1200  w.  20c.  De- 
scribes the  appro.\iuiate  method  used  for 
I'ramiiiK  these  timbers  which  are  soon  dis- 
plaeed  by  side  pressure  and  I'aiit  liolbtlng. 

Sliiliiug  a  Five-Compartment  Shaft  on  the 
Rand.  Eustace  M.  We»ton.  JSng  ft  Min  Jl 
— ^Feb  22,  08.  5  flgi.  2700  w.  20c.  Dp* 
scribes  how  the  difficulties  caused  lay  break- 
age of  drill  ateel  in  hard  rock  vere  tolTed 
by  sllghtljr  decreatlng  the  air  pressure. 

Silver. 

Daly-West  Mine  and   Mill.    Robert  B. 

Brlnsmade.  Min  &  Mln— Mar,  ns.  4  figs. 
4500  w.  40c.  Describes  the  mill,  methods 
of  \vorkini<  the  mines  and  Of  aocountteg, 
surface  equipment,  etc. 

Tin. 

Notes  on  Tin.  Prof.  A.  Humboldt  S^-xton. 
Mach  Engr — Feb  7,  08.  8  figs.  3400  w. 
Feb  21.  3  flgs.  1600  w.  Each  40c.  III. — 
Reverberatory  (umaoe  methods.  IV. — Re- 
fining tin. 

Tin  Mitilns  In  Tasmania.  James  n.  I^ewis. 
Eng  &  Min  Jl — Mar  7,  08.  35  figs.  2400 
w.  20c 

Ventilation  of  l^flnes. 

The  Conditions  Influencing  .Mine  Ventila- 
tion.  Jos.  H.  Hart.  Mln  WI4 — ^Feb  15,  08. 
2&00  w.  20c 
ZfttC 

Not on  Ztnc. — I.  Mech  Ihigr— Mar  0, 
08.    i  figs.    4  800  w.  40c. 

FYactical  Prospecting  In  tlie  ^rissourl* 
Kansas  District.  Otto  Ruhl.  Min  Wld— > 
Feb  22,  08.    8  flgs.    24O0  w.  20e. 

Zinc  and  I.iead  Deposits  of  Southwestern 
Missouri.  F.  Lynwood  Garrison.  Min  & 
Sc  Press— Feb  29.  08.  4  tins.  3600  W. 
Mar  7.    2  figs.    3900  w.    Each,  20c. 


MUNICIPAL  ENGINEERING 


REFUSE  DESTRUCTION. 

Chicago. 

The  Chicago  Garbage  Reduction  Plant. 
Emmons  J.  Alden.  Eng  News — Mar  12,  08. 
4  flgl.    2600  w.  20c. 

Westmount,  Qae. 

The  Westmount  MuuicijMl  Electric  Plant 
and  Refuse  Destructnt.  (  an  Engr— Mar  6. 
OS.  2  figs.  4  700  w.  2 tic.  Give.i  extracts 
from  report  of  the  consulting  engineers  tO 
The  Council  of  Westmount,  Que. 

ROADS. 

Cost  Data. 

Gravel  and  Macadam   Road;^   and  Their 
Cost.    G.  C.  Houston.    Mun  Engg — .Mar,  Oi>. 


1700  w.  40c.  From  a  paper  before  the 
Indiana  Engineering  Soeletr. 

Object  Lesson  Roads  Built  5n  ifiOf^-OT  by 
U.  S.  Office  of  Public  Roads,  wltti  Data  on 
Their  Cost.  Eng  Contr — ^Mar  4,  08.  2600 
w.  20c. 

Tables  for  Estimating  the  Quantity  of  Ma- 
Ti  rials  .md  Cost  of  Grav>'l.  Sand  and  Oil  on 
Roads  and  Streets  of  Different  Widths.  Eng 
Contr — Mar  4,  08.  20c. 

Pavements. 

Good  Pavements  and  How  to  Secure 
Them.    J.  W.  Howard.    Mnn  Engg — ^Mar. 

OS.  2000  w.  lOr.  From  an  address  befora 
llie  Civic  Asjioclation  of  Morristown,  N.  J. 

1806, 
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"BLAMES  NOT  ROOSEVELT 


BUT  HIS  ADVISERS''-JVew  York  Herald 

LINDON  W.  BATES 

"Retrieval  It  PW 

SAYS 

Not  ONE  feature  of  the  entire 
tvaterway  is  as  the  Commission 
presents  it !  ' ' 

Read  this  book  and  see  what  the  80.000,000  Amer- 
icans who  are  paying  for  the  Panama  Canal  are 
getting  for  their  money. 

In  ht>  elucidation  of  the  Panama  Canal  problem,  and  in  his  efforb  to  make 
pOMiblc  the  contiruction  of  the  RIG|-iT  Waterway  across  the  Isthmus.  Mr. 
Bales  has  performed  a  great  service  to  the  nation.  In  this  book  he  has  contrib- 
uted from  hit  wcaltfi  of  scientific  attainments  and  trchnicat  experience  a  series 
of  laatterly  articles  which  deserve  a  v^idc  circulation  among  both  the  member* 
«f  IntpnifMiM  aid  llw  pvUie  at  tavgc. 


MBwkna^  6z9iDchct;  S54pa|e*;  SSillintratiQiit  CUilMbkp^pplalM).  Prices $5. 

(laelndbg  Hall>t«M  Plain.  XXtv^mt*  Ma|ia  and  Rafaf  Map) 

THE  TECHNICAL  LITERATURE  COMPANY, 

220  Broadwayt  New  York 


Patronize  ENGINKflUlINO  DIGEST  AdvertUsra  Wtaea  You  Cao. 


Digitized  by  Google 


490  THE  ENGINEERING  DIGEST 


Pavements  in  Salt  Lake  City.  Utah.  Man 
BnsK—lfar,  08.  8  figs.  1200  w.  40e. 
QlTOi  photographs  of  streets  showtng  the 

various  kinds  of  paving  materials  used  and 
their  application  to  the  conditions  in  that 

city. 

Soad  Ounstnictton. 

Present-Day  Road  Requirements  in  Town 
and  Country.  A.  Brown.  Surv — Feb  21, 
08.  7000  w.  40c.  Paper  read  before  the 
Royal  Sanitat:   I;  ititute. 

Roadway  Widths  and  Excavations.  (Georgia 
C.  Warren.  Mun  Jl  9t  Bngi^Mar  4,  08. 
4  flgs.  SOOOw.  20c.  Gives  arguments  favoring 
narrower  roadways,  with  aldiB  and  middle 
parking,  with  typloal  lUuslMitiona  of  awdi 
coiibtructlon. 

The  Problem  of  Road  Construction.  H.  8. 
Hele-Shaw  and  Douglas  Uackensle.  Surv — 
Feh  S8,  08.   SOOO  w.  40c 

0now  Removal. 

The  Bconomics  of  Snow  Removal  and  a 
Suggested  Improvement  Over  the  Present 
Methods  Used  In  Nev  York.  Richard  T. 
Dana.    Eng  Ccmtv— Mar  4.  OS.    1X00  w.* 

20c 


Street  Cleaning  and  Waste  Dteposal  fn 

New  York.  Knc  Rec — Feb  22,  08.  4000  w. 
20c.  Qivee  dau  Irom  report  of  a  commis- 
sion appointed  to  investigate  and  suKgest 
a  more  effective  system  than  that  now  la 

Tte  and  Oil  on  Roads. 

Experiments  with  Tar  and  Oil  on  the 
HlRhways  of  Rhode  Island.  Arthur  H. 
Blancbard.  Surveyor — Feb  28,  08.  4200 
w.  40e. 

The  Use  of  Tar  on  Macadamised  Roads. 
P.  Caufourier.  G«nie  Civil — ^Feh  16,  08. 
3000  w.  60c.  Discusses  ita  Influenea  on  tiM 
cost  of  road  maintenance. 

_      BBWIERAGII  AND  SANFFATIOiir. 

PttrUcation  of  Sewage. 

InvoBtlgatlons  on  the  Purlflcatlon  of  Bon- 
ton  Sewage  In  Beptle  Tanka  and  Trickling 

Filters  (1905-1907).  E.  A.  Wilson  and 
Earle  B.  Phelps.  Tech  Quarterly — Dec.  07. 
19  figa.  26,000  w.  SOc.  Contribution  from 
the  Sanitary  Research  Laboratory  and  Sew- 
ago  Experiment  Station  of  tho  Mamchu* 
setts  Institute  of  Technology. 

Sewage  Purlflcatlon  In  Ohio.  Eng  Rec — 
Feb  2»,  08.  8S00  w.  80e.  A  rovlow  of  ttao 
investigation*  eonduetnd  by  th«  Ohio  State 
Board  of  Health. 

Rnn'Off  from  Sewered  Areas. 

The  Numerical  Determination  of  the  Max- 
imum Run-Off  in  City  Sewer  Systems. — ^I. 
Herr  Range.  Zelt  Oest  Ing  u  Arch — Feb  7, 
08.  8  flgH.  50  00  w.  40e.  Feb  14, 08.  11 
figs.    650U  w.  -iOc. 

The  Run-Oll  from  Sewered  Areas.  Eng 
News— Feb  27.  08.  2700  w.  20c.  De- 
scribes apparatus  and  methoda  reoommoiadad 


hr  the  Boston  Soc  C.  B.,  and  givoa  roflMS 
onoes  to  literature  upon  the  relation  ot  rune 
off  to  valntaU  in  towered  diatrtete. 

SamtatioB  of  Gttlee. 

The  Sanitation  of  Cities.  B.  Chardon. 
Tech  Banltalre — Feb.  OS.  6000  w.  80e. 
Paper  read  before  the  Bordeaux  OOngrOM  OC 

public  works.  Oct  a-12.  07. 

Sewage  Pomplnic  Stations. 

Electrically-Operated  Automatic  Sewage 
Pumping  Station  at  Waltham,  Mass.  Ber- 
tram Brewer.  Bng  Reo— Mar  7,  08.  I  flgs. 
1100  w.  20c. 

Lawrence  Avenue  Pumping  Station,  Chi- 
cago, 111.  Engr— Feb  16,  08.  10  flgs.  2300 
w.  20c  Describes  a  station  for  transfer- 
ring sewage  from  the  north  side  of  the  oltjr 
to  the  river. 

Sludge  Disposal  and  Utilization. 

The  Use  and  Disposal  of  Sludge  from 
Sewage  Purification  Plants.  Qosnnd  Ing — 
Jaa  16,  08.  4800  w.  80e. 


WATER  SCTPLY, 

Chemical  Precipitation.  _ 

Chemical  Precipitation  of  Water  at  St. 
Louis.  Mo.  Eng  News — Feb  20,  OS.  5400 
w.  20c.  Gives  extracts  from  a  recent  Am. 
Soc  C.  B.  paper  by  Mr.  E.  B.  Wall,  Aaat. 
Water  Gommliitonor  ot  tho  elty. 


HlRb  Relative  Rates  of  Filtration  with 
Slow  Sand  Flltera.  William  B.  Fuller.  Eng 
News — Mar  12.  08.  1  fig.  1900  w.  20c. 
Describes  a  filter  sand  washing  machine 
which  affords  a  rapid  method  of  titaaalns 
alow  sand  filters. 

Infaatlgatlon  of  Collapio  of  FUtor  Roof 
During  Construction  at  Ln«x«Bee,  Maaa. 
Sanford  E.  Thompson.  Bug  Ree — vtib  t%, 
OS.  2  flgs.  2700  w.  20r  Frnm  a  paper 
read  before  the  New  Englaud  \\  aier  Works 
Association. 

Sand  Filter.s  and  Clear-Water  Tanks  for 
Small  Wnter-Works.  Bngg-^Mat  6,  08.  II 
fiKs.    2000  w.    4 Op. 

The  DeslKH  of  a  Rapid-Sand  Water  Fil- 
tration Plant.  II.  A.  Gehring.  Gomtfl  CiT 
Engr — Feb.  08.    2500  w.  .lOc. 

The  Development  of  the  Mechanical  Filter 
Plant  PhUlp  Bnrgeas.  Bng  News — Feb  22, 
08.  4900  w.  Mar  6.  8000  w.  Each.  20c. 
From  a  paper  read  before  the  Ohio  Engi- 
neering Society,  ColnmbnB>  Fob  IS,  08. 

HIgh-Preesuj  e  Supply  for  FItv  PvotocHon. 

New  York's  Electrically-Operated,  high- 
Pressure  Water  System  for  Fire  Protection. 
Bl  Wld— Mar  14.  08.    5  flga.    8800  w. 

20c. 

Kon-OiT,  Diugrutu  U*r  Computing. 

Diagram  for  Computing  Kun-Off  by  Mo- 
Math's  Formula.  Samuel  D.  Blelch.  Bnc 
Kewa— Feb  27,  08.  1  fig.   600  w.  tOe. 


AratL.  IMS. 
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WET  CONCRETE 


Results  in  dense  concrete;  which  is 
harder  to  permeate  than  concrete  made 
with  very  little  water. 

The  Story  of 

How  to  permit  of  more  water  in  con- 
crete block-making,  without  causing  the 
cement  to  adhere  to  the  molds  and  the 
blocks  to  go  "sagging,  "is  ours  to  tell— 
and  yours  for  the  asking  ! 

We  nfiake 

HYD  R ATITE 

A  waterproofing  compound  in  powder 
form,  that  is  simply  mixed  with  the  ce- 
mentt  and— if  the  cement  is  given  enough 
wslter— vi^tertightncss  is  the  result. 

Note— that  it  is  not  the  Mixing  alone— 
of  the  powder  with  the  cement  that  does 
the  work;  Water ^  and  plenty  of  it,  is 
essential 'to  the  production  of  a  water- 
proof concrete. 

The  why  and  wherefore 

It  is  your  interest  to  know  it  is  our 
interest  to  tell  you— because,  we  make 

HYDRATITE 

A.   C.    HORN  COMPANY 

Waierprooiing  Engineers  and  Makers  of 
Structural  Waterproof  tug  Afaterials 

Office:  6-8  Burling  Slip,  New  York  City 
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Test  Drire  Wells,  I<oiig  Idnid. 

Culifornia  Slove-PIpe  Wells  on  I.niiR  Isl- 
and. Etig  Rqc — Fob  29,  Ov.  i  fie;,  llOdO 
w.  2  0c.  D.'scrlbes  wells  12  to  14,  Ins.  in 
diameter  and  up  to  812  ft  in  depth,  driven 
for  the  purpose  of  determining  whether  the 
gronnd  water  supply  there  airallable  Is  of 
snflletont  quantity  and  of  propsr  qnalltr  to 
warrant  Its  development  as  a  source  of  ad- 
ditional water  supply  for  New  York  City. 

Typhoia  at  WaalilngtaB,  n.  C. 

Water  Supply  and  Typhoid  Fever  at 
Washington.  D.  C.    Engr  S«fW9 — Feb  27.  08. 

IS  figs.  2:>00  w.  2  0c.  Extrarts  from  a 
Bjniposlum  on  tlioso  and  various  rflatfd 
subjects  i)res<'ntr'd  Itefore  tlio  Modlial  So- 
ciety Of  the  District  of  Columbia,  Feb  19,  08. 

Water  Supplies. 

An  Unusual  Water  Supply  for  Industrial 
Purpones.  Eng  Hoc — Feb  2  2,  0<t.  5  tips. 
5300  W.  20c.  Descrllir-B  a  lar^^e  storm- 
water  reservoir  on  the  head  waters  of  the 
Arkansas  River,  for  storage  of  water  re- 
quired to  supply  a  steel  works  at  Pueblo, 
Colo. 

Small  Water  Supplies.  H.  C.  H.  Shenton. 
Public  Wk»— Jan-Mar.  08.  24  figs.  13.000 
w.  99c 

The  Water  Supplv  System  at  Los  Angeles, 
Cal.  Eng  Rec— Feb  29,  08.  8  figs.  6100 
w.  2€e. 


The  Water  Supply  of  Breslau.    P.  Bey* 

schlag.  Jl  Gasbel — Feb  1,  08.  60c.  De- 
Bcribes  the  city 'a  system  and  discusses  difti- 
( iiiiies  •  ncountered  In  purUyinc  the  ground 
water  used. 

Water  Works. 

Combined  Central  Station  and  Water- 
Pumping  Plant.  EI  Wld — Feb  29,  O"?.  3 
flgs.  2700  w.  20o.  Desc  ribc-y  plant  for 
city  of  20,000  inhabitants,  at  Pine  Bluff. 
Ark. 

Water  Works  of  Oklahoma  City.   Mun  Jl 

ft  Engr — Mar  11.  08.   2  figs.    2000  w.  80c. 

Describes  roiary  low-service  ptuiips  and 
direct-acting  iiiy;h-pressure  pumps  used,  the 
sedimentation  with  coH^ulants.  tnecbanical 
filtration,  degree  of  purification  obtained, 
etc. 

A  Very  Largo  Water  Tower.  Louisville, 

Ky.    Eng  Rec — Mar  7,  08.    7  figs.  2300 

w.  20c.  Describes  a  riveted  steel  cylinder, 
."(0  ft.  in  diameter  and  55  ft.  In  height,  with 
a  hemispherical  bottom  and  a  conical  roof, 
supported  on  cipht  battered  riveted  steol 
columns  15fi  ft.  high. 

MiftPBLTiAJfEOTTS. 

PnbMr  Raths. 

Public  Batlis  and  Wash-Houges.  T.  W. 
Aldwinckle.  Surveyor — Mnr  fi,  OS.  2  flgs. 
6000  w.  40c.  Paper  read  before  the  Asso- 
ciation of  Municipal  and  County  Bnglnesrs. 


RAILROAD  ENGIN£ERiNG 


OOX8TIIUCTIOX. 

BvHIsli  Bast  AfHca* 

The  Uganda  Railway.  British  East  Afrlra. 
Herr  Baltzer.  Zeit  d  Bau — Feb  1»,  OS.  10 
flgs.    6000  w.  40c. 

Oemum  East  Africa. 

The  Dar-es-Salam  Moroccwo  Railway. 
Rdmaster  &  Fore— Mar,  os.  i :;  tips. 
2400  w.  20r.  Describes  a  narrow-;;ai;e 
railway  line  in  German  East  Africa  begin- 
ning at  the  port  of  Dar-es-Salam  on  the  In- 
dian Ocean  and  extending  west  to  Moroforo, 
a  distance  of  about  130  miles. 

Memptkis,  Tcnn. 

Memphis  and  State  T.Ine  Railroad.  Ry 
Ag»— Feb  28,  08.    16  fig?.    lSf>0  w.  20c. 

TH)WEK  A\i)  FQriPMENT. 

Car  U  tieels,  llat  Spots  on. 

AHowable  Length  of  Flat  Spnfs  on  Car 
and  Locomotive  Wheels.  E.  L.  Hancock. 
Ry  Age—FSb  21,  08.   1  flg.   800  w.  20e. 

Draft  Gear. 

Draft  Gear.  Ry  F.us;  Rev — Mar  7,  08. 
4  flgs.  3000  w.  2 Or.  Extracts  from  a  pa- 
per by  A.  Stucki,  before  the  Railway  Club  of 
Pittobnrg.  Dec  27.  07. 

Ilyn«Tnotriotor  Cars. 

Dynamometer  Cars,  M.  H.  Rodrrique. 
Compt  Rend  Ing  Civ — Nov,  07.  12  tlKS. 
25.000  w.    11.20.    Describes  various  types 


of  these  ears  constructed  in  France  and 
America. 

Locomotive. 

A  Method  of  Repairing  Cracked  Piston- 
Valve  Cylinders.  B.  P.  Flory.  R  B  €Nui~ 
Feb  28,  08.    2  flgs.    600  w.  20c. 

Balanced  Compound  Locomotive  wltll 
Superheater  for  the  PfaeU  Railways.  Ry 
Age— Feb  28,  08.   S  flgs.   1700  w.  20o. 

Cast-Iron  Slldo  Valves  for  T.oconiotlvea. 
P  Conte.  Rev  Gen  Chom  de  Per — .Ian.  08. 
5  flgs.  200b  w.  >1.20,  Gives  results  of 
expTi meats  made  by  tlio  Coinpagnle  d'Or- 
leans  on  tbe  successful  substitution  of  cast 
iron  for  bronze  In  valves  for  simple  loco- 
motives. 

Crane  Txtcomotlves:  Buenos  Ayrss  and 
Rosarlo  Railway  Company.  Engg — Fob  21, 
08.     1  flg.    500  w.  10c. 

Express  Locomotives — States  Railroads  of 
Sweden.  R  R  Gaa— Feb  28,  08.  1  flg.  2500 
w.  20c 

Four«Coupled  Ten-Wheel  Side-Tank  Lo- 
comotive: L.  n.  and  S.  C.  Railway.  Bngf — 

Feb  28.  08.     0  fi.cs.     2400.  40c. 

h'our  rylindfT  Simple  Locomotive,  Great 
Northern  Railway,  England.  Chas  S.  Lake. 
Am  Engr  ft  R  R  Jl — ^Mar,  08.  7  flgS.  1400 
w.  40c. 

Handling  Locomotive  Supplies.  E.  Fish 
Ensle.  Am  Engr  &  R  R  Jl— V  ,r  08.  2 
flgs.    7000  w.    40c.    II. — Accounting. 
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L.  &  S.  W.  LooomottTe.  No.  386.  Engr 

(Lond)— Feb  7,  0^.  5  flgs.  1800  w.  40c. 
Describes  a  new  English  4-cyl.  simple  loco- 
motive with  six  coupled  whoels. 

LoeomotiTe  Smoke  Stacks.  W.  E.  John- 
tt(m.  Am  Bngr  ft  R  R  Jl — Mar,  08.  12 
fig«,  1100  w,  40c.  Develops  new  formulae 
for  stack  dlametert,  utfnc  the  data  obtained 
in  the  Master  Mechanics'  t«»ta  Of  1896.  1903 
and  1906  as  a  basis. 

Rack  Locoiiiotlve  for  the  Villa  Nova  De 
Gaya  Railway,  Portugal.  Engg — Feb  14. 
08.   5  Ago.    1000  w.  40c. 

Some  Examples  from  Recent  Italian  Lo- 
comotive Practice.  Mecll  Sagr — Mar  6,  08. 
4  figs.    2700  w.    4  0c. 

Some  Notes  on  Curront  British  and  Con- 
tlnentiil  l.o((>motive  Practice.  Pract  Engr 
(Load) — Feb  7,  08.    1800  w.  40c 

Special  Tank  Locomotives  tor  Wath 
Shunting  (Gravity)  Yard.  Great  Central 
Rallwav.  Mech  Engr — Feb  21,  08.  8  flgs. 
8000  w.  lOc. 

Ten- Wheel  Baldwin  Passenj^er  Locomo- 
tive St.  Louis  &  San  Francisco  R.  R.  Ry 
ft  Bag  Rev— Feb  22,  08.  3  figs.  1000  w. 
20e. 

The  Brotan  Locomotive.  W.  C.  Dreher. 
R  R  Gaz— Feb  14,  08.  S  fiKs.  2000  w. 
80c.  Describes  a  high-economy  Austrian 
loCMDotive  boiler  provided  with  a  water- 
tolw  flreiboz. 

The  Locomotive  from  Cleaning  to  Driv- 
ing. John  Williams  and  Jas.  T.  Hodgson. 
Rv  Engr — Mar,  08.  8  flgS.  2800  W.  40c. 
XIV. — Lubrication. 

The  New  Great  Western  Locomotive.  2 
figs.  500  w.  40c.  Gives  details  of  a  new 
4-cyl.  non-compound  express  locomotive  for 
kandllng  beavy  traffie  over  difflcult  gradee. 

HMor  Cars. 

A  Producer-Gas  Motor  Car.  Prnc  Enpr-  - 
Mar  6.  08.     2  figs.     1100  w.     4  0c.  Gives 

some  interesting  particulars  concerning  the 
adaptation  of  this  form  of  power  produc- 
tion for  motor^r  work. 

Locomotive  for  Railway  Hotor^r:  Lan- 
cashire and  Yorkshire  Railway.  Bngg — 
Feb  7,  08.    2  figs.    2600  W.  4«c. 

Passenger  Cbachee. 

Passenfrer  Coadies  at  the  Milan  Exposi- 
tion. l»Oti.  Herr  Metzeltln.  Z  V  D  I — Feb 
s.  OS.  34  figs.  5000  w.  COc.  Fel>  15,  08. 
34  figs.    3000  w.  60c. 

Steel  Pase*'nK:er  Efiiilliment. — II.  Charles 
E.  Barba  and  ^^'l^vin  Singer.  Am  Engr 
&  R  R  Jl — Mar.  08.  1  flg.  4000  w.  40c. 
DiRciiBseg  the  arrangement  of  nndertrame 
members. 

Ralls. 

Standard  Track  Sections.  Ry  Eng  &  M 
Of  War — ^Feb,  08.  22  figs.  4000  w.  20c. 
Gives  SMtlona  used  Iv  aeveral  railroada, 
with  addlttonal  data  sot  ahown  by  tko  draw- 
ings. 


15  Cents  for  a  Life 

Your  ties  will  have  four  or  five  times 
the  life  oi  ordinary  ties  li  treated  with 

TeredoProof 
Paint 

Think  what  lhat  means.  The  coit  of 
removing  rotten  ties  alone,  not  con- 
sidering the  cost  of  new  ties,  is  enor- 
mous. Ties  treated  with  Teredo- 
Proof  Paint  are  in  a  perfect  state  of 
preservation  after  being  in  service 
more  than  nine  years  in  the  South, 
where  die  life  of  a  white  oak  tie  is 
seldom  more  than  eight  years. 

Wood  is  wood  the  whole  world  over, 
and  will  be  de'^tmyed  by  parasites, 
animal  or  vegetable,  it  proper  precau- 
tion is  not  taken.  Teredo-Pfoof 
Paint  is  a  virulent  poison  to  the 
lower  forms  of  life,  and  is  applied 
hot  to  the  wood,  so  that  it  sinks 
deeply  into  \hc  tie.  it  is  in  no  way 
affected  by  llie  elements  or  the  chem- 
ical action  of  salt  water  when  sub- 
merged in  it.  If  you  want  a  preser- 
vative for  tank  towers,  telegraph 
poles,  lies,  wharf  and  dock  timbers, 
or  any  structure  exposed  to  the 
elements,  write  for  our  latest  catalog. 
It  is  interesting  and  gives  positive 
proof  of  the  efficiency  of  Teredo- 
Proof  Faint 

Refill  for  it 

Teredo-Proof  Paint  Co. 

18  Battery  Placa 

New  York  City 
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Roundhouses  and  Coaling  Facilities  on 
North  American  Railways. — I.  Dr.  Blum 
and  B.  GIne.  Z  V  D  I— Feb  8,  08.  16  flgi. 

5  500  w.  I0e» 

Signaling. 

SIgnaltiig  of  the  Bast  RlTsr  Tunnele,  New 
York  R  R  Gaz— Feb  28.  08.  7  flgs.  1500 
w.  20c.  Describes  TarUttiona  on  prevlouB 
praetlce  in  tunnel  work  which  are  emplojred. 

Stations. 

Large  Railway  Stations. — I.  Engr  (Lond) 
— Feb  14,  08.    11  flgs.    3200  w.    11.  Feb  28, 

6  figs.  2200  w.  Each  4«c.  The  first  two 
of  a  scries  of  articles  on  the  large  railway 
stations  of  Great  Hritaln.  In  which  the  Para- 
gon Station,  Hull,  and  the  station  at  Brad- 
ford are  described. 

Svfltdiee. 

Electric  Operation  of  Switches.  C.  Gufflet. 
Rev  Gen  Chem  de  For — Jan,  OS.  11  figs. 
12.000  w.  $1.20.  DescrlbeR  the  Bleynlo  & 
Ducousso  system  used  in  the  Bordeauz-St. 
Jean  yardB. 

Tank  Car. 

Standard  S.OOO-Gallon  Tank  Car.  Ry 
Master  Mech — Mar.  08.  t  flsik  HOC  w. 
40c.  Olvea  details  of  a  iww  dedgn  which 
Inelttdes  a  number  et  Interesting  features. 

Termtaial  Froblem,  St.  Louis,  Mo. 

aolvtng  the  Terminal  Problem  at  St. 
Louis. — ^I.    Ry  Age— Feb  14»  08.    8  flgs. 

3,000  w.  20c. 

Xbmst  of  Mrbeels  on  Carres. 

Lateral  Thrust  of  Oir  Wheels  on  Curves. 

Ry  &  Eng  Rev — Feb  29,  08.  4  flgs.  2400  w. 
20c.  From  a  book,  "The  Car  Wheel,"  pub- 
lished and  copyrighted  by  the  Schoen  Bteel 
Wheel  Co. 

Ties. 

The  Iron  Sleeper.  Engr  (Lond) — Feb  21, 
OS.  21  flgs.  3800  w.  Feb  28.  21  flgs. 
1  800  w.  Mar  C.  2500  w.  Each  40c. 
Paper  by  Dr.  Ing.  A.  Haarmann.  read 
before  the  Verelns  Deutscher  Eisenhiitten- 
leute  in  December,  1907.  An  extended  dis- 
cussion on  the  use  of  Iron  and  steel  tor  rail- 
way ties. 

The  Problf'ui  cif  Trac  k  Snvport.  Samuel 
E.  Duff.  Uy  .V-  Eng  Rev — Fob  22,  OS;.  14 
flgs.  4  2110  w.  20c.  DiscuKses  ih«  problem 
and  dt  sf  iii.ia  a  longitudinal  form  of  steel 
support  which  has  been  successfully  used 
for  sevoral  years. 

The  Seasoning  and  PreserratlTe  Treat- 
ment of  Hemlock  and  Tamarack  Cross^Ttes. 
Rdmaster  &  Fore — Feb,  08.  4  fltrs.  5000 
w.  20c.  Abstract  of  Circular  132,  U.  S. 
Department  of  Agriculture. 
Train  Lighting. 

A  New  Trstn-Llghtlng  Dynamo.  Bl  Rer 
(Lond) — F<-b  21,  0!>.  S  tlRs.  1200  w.  40c. 
DeBcrlbe.e  a  new  tralu-llRhting  dynamo  re- 
cently broiipht  out  by  tho  FOltOn  St  Oull- 
leaume-Lahmeyer  Works. 


Water  Tuoks. 

Railroad  Track  Tanks.    H.  H.  Rosa.  R 
R  Gas— Mar  13.  08.   11  flgs.   8000  W.  80c 
Water  Tanks  on  U.  8.  Railways.  B.  Glese. 

Z  \'  11  I— Feb  22,  OS.    IT  ngs.    1000  w.  60o. 

i»TKEL;T  AND  BLECXRIO  BAICWAXS. 
Conduit  System. 

The  Conduit  System  of  Electric  Tramway 
Construction  and  Recent  ImproTemonta. 
Fits  Roy  Roose.  Blec  Engr — Mar  6,  08.  19 
flgs.  2000  w.  40o.  Condttded.  Describes 
the  side-slot  system. 

Blectricaay  Eqo^nod  Beads. 

The  Street  Railway  System  of  San  Diego. 

Cat.  St  Ry  Jl — Mar  14,  08.  5  flgs.  2200  w. 
20c. 

Tramway  and  Power  Developments  in 
Porto  Rico.    St  Ry  Jl— Feb  *2.  08.    11  flffS. 

2800  w.  20c. 

EIe«triflcatlon  of  llailHa>». 

Electrification  of  Hallways. — IL  Dr.  GIs 
bert  Kapp.    Elec  Engr — Feb  7,  08.    12  figs. 
2  400  w.    40c.    Lcctnro  delivered  before  the 
Royal  Institution  of  Great  Hrltain,  Jan  25. 

The  Electrification  of  the  Suburban  Zone 
of  the  New  York  Central  and  Hudson  River 
Railroad  in  the  Vicinity  of  Now  York  City. 
William  J.  WilgUB.  Proc  Am  Soc  C  E— Feb. 
08.  58  flgs.  10.000  w.  80c  Paper  read 
MTore  the  Am.  Soe.  C.  B.  Mar  18,  08. 
Sobwny  Car  Design. 

Report  on  Subway  Car  Design  in  New 
York.  St  l;  Jl— Feb  29,  08.  9  flgs.  4600 
w.  20c.  Abstracts  of  the  report  of  Blon  J. 
Arnold  to  the  Public  Service  Commission. 

Tjrpes  of  Rapid  Transit  Car  for  Maadmnm 
Senrlee.    Eng  News — ^Mar  B.  08.    1  flg. 

nsoo  w.  20c.  Resume  of  a  report  by  Blon 
J.  .Arnold  to  the  Public  Senrlee  Commission 
of  New  York. 

iMdc. 

A  Comparison  ot  Substnietnres  for  Tracks 

In  Streets.  H.  L.  WebST.  BiM  Ry  Rer— 
Jan.  25,  08.  3  flgs.  1800  W.  SOc.  Oiree 
comraratu  e  costs  ot  wood  and  stosl  ties  on 

concrete  bases. 

Bonding.  E.  Goolding.  Tram  &  Ry  Wld 
— Jan.  2.  08.  3  flgs.  1400  w.  40c.  Oives 
diagram  for  determining  the  appnnlnmte 

resistance  of  bonded  track. 

Cost  of  Constructing  Street  Railway  Track 
with  Rubble  Concrete  Base  at  Ft.  Wayne, 
Ind.  Ens  Cuntr — Mar  11,  08.  1  fig.  600 
w.  20c. 

Proposed  Track  Changes  at  86th  Street, 
New  York  Rapid  Transit  6nbway.  Bng  Roe 

— Feb  29.  OS.    1  flg. ,  1700  w.  20c. 

Track  Construction  In  Streets  for  Inter- 
urban  .Service.  Thos.  B.  McMath.  Mm 
i:ii;:i:  Mar,  08.  1000  w.  40c  From  a 
;  aper  read  boforo  tbo  IndUuia  Bnglneertag 
Society. 

Track  Reconstmctlott  in  San  Franelaoo. 
St  Ry  Jl-^an.  18,  08.    It  flgs.    1800  w. 

20c 
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HAND  BENDING  TESTS  OF  MATERIALS 

FUOX  "Tilfi  IRON  AQB" 


Tensile  tests  aioue  are  inadequate  to  indi- 
cate the  true  value  of  material  In  actual  work- 
ing practice;  "when  a  material  will  IiaTe  to 
sustain  moving  streescs,  it  Is  evident  that  to 
test  It  merely  by  static  loads  Is  insuffldent  and 
a  dynamic  test  is  reqnlted.  The  moat  fiurortd 
and  promising  method  of  testing  in  this  waj 
is  by  bending  a  piece  in  oppoaltd  directions, 
counting  the  number  of  altematlona  nocssaary 
to  fracture  It.  In  Prof.  Arnold's  machine  thn 
metal  is  alternately  strained  beyond  the  elafr* 
tic  limit  in  each  direction. 

Capt  H.  Rlall  Sankey,  who  in  conjunction 
■with  J.  Keu'  Smith  has  done  such  good  pioneer 
work  on  vanadium  steels,  has  devised  a  Work- 
shop teatlng  macbine.  whhft,  wka  dtecribed  in 
Engineering  (Inn  1  m)  some  months  ago.  By 
means  of  this  instrument,  in  which  a  test  piece 
la  bent  alternately  backward  and  forward 
through  a  given  angle,  results  are  obtained 
very  similar  to  those  given  by  Arnold's  ma- 
ehfne. 

The  machine  is  illustrated  in  FiRs.  1  and  2. 
Its  general  character  may  be  best  understood  by 
a  reterenoe  to  Fig.  2.  It  ooMlsts  eesentially 
of  a  bedplate  to  which  is  secured  the  small 
viae  a.  One  end  of  the  test  piece  Is  secured 
In  thia  "vtM.  while  the  other  end  la  fastened  In 
a  similar  vise,  b,  mounted  on  the  end  of  a 
movable  frame.  The  specimens  used  are  H-lO' 
wpnTO  and  4  Ins,  long*  A  gaga  la  uaed  In 
placing  them  in  position,  so  that  the  piece  be- 
ing bent  is  the  same  length  in  all  cases.  The 
apedmen  la  then  bent  through  a  definite  angle 
by  means  of  the  handle  e,  first  in  one  direction 
and  then  in  the  other,  until  it  breaks.  In 


Fig.  2.  It  may  be  seen  that  the  movable  frame 
swings  about  d.  and  that  the  pressure  exerted 
la  transmitted  through  the  aprhiga  f.  The  eom^ 
Iireasion  of  these  springs  measures  the  load 
applied  to  the  specimen,  and  as  the  springs 
compress  the  handle  e  swings  around  the  pivot 
d.  The  displacement  of  the  lian  lle  Is  utilized 
for  the  drawing  of  an  autographic  diagram, 
which  shows  the  maximum  toroe  applied  on 
each  alternate  bend  of  the  specimen,  and  also 
the  total  number  of  benda  before  failure  oc^ 
cars. 

Sample  diagrams  are  shown  In  Fig  3.  The 
cards,  circular  in  form,  fit  down  upon  the 
ratchet  wheel  k,  with  which  they  are  eonoen- 
trie.  A  pencil  seen  In  Fig.  1  and  indicated  at 
p:,  Fig.  2,  traces  a  circular  arc  on  the  card  when 
the  lever  is  pushed  over.  On  the  return  bend 
the  ratchet  wheel  is  pushed  over  one  tooth, 
so  the  pencil  traces  another  arc.  Each  aro  on 
the  diagram  represents  a  bend  in  each  dlrS(^ 
tion,  so  that  the  total  number  of  bends  is  equal 
to  twice  tht'  number  of  arcs  on  the  card.  The 
concentric  circles  shown  on  the  diagram  repre- 
sent equal  ineremente  of  load  on  the  speefaneii. 
It  may  be  seen  that  much  more  effort  was  re- 
quired when  the  right  hand  diagram.  Fig.  3, 
was  taken,  than  with  the  left  hand  one.  The 
cards  form  a  permanent  record  of  both  the 
stiffness  of  the  material  and  the  number  of 
bends  required  to  fracture  it 

Teats  have  been  made  upon  a  series  of  car- 
bon steels  and  upon  three  gamplea  of  steels 
containing  0.0*,  O.S  and  0.6%  phosphorus  re- 
spectively. In  the  case  of  the  phosphorus 
steels,  tensile  and  Wohler  tests  gave  unsatis- 
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factory  results,  whereas  Impact  and  Arnold 
tests  showed  the  Injurious  effect  of  the  phos- 
phorus. In  making  hand  bending  tests  It  was 
noticed  that  In  many  cases  the  final  rupture 
gave  some  warning  by  small  cracks  appearing, 
but  In  others  there  was  no  previous  indication 
and  the  steels  broke  with  a  snap  and  a  loud 
noise.  Both  of  the  high  phosphorus  steels 
snapped.  The  results  are  given  In  the  follow- 
ing table: 


Average 
bend- 
Number  log  effort, 
Mark,    of  bends.  ft.-lbs. 

0.O4-P  18.0  110 

0.3O-P  11.3  128 

0.50-P  6.3  157 


Energy 
absorbed 

to  fracture.  Fracture. 
3.980  Silky. 

2.900  Qrmnular  and  allky. 
l.eau  Floe  cryiUlIlDe. 


The  series  of  carbon  steels  were  very  pore 
crucible  steels,  with  the  carbon  running  from 
0.13  to  1.306.  The  full  analyses,  and  many 
tests  upon  them  are  given  In  the  Sixth  Alloys 
Report  of  the  Institution  of  Mechanical  Engl- 
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noers.  A  compariuon  of  the  hand  bending  wlfh 
the  ordinary  tests  shows  that  numerical  figures 
are  obtained  by  means  of  which  the  quality  of 
the  steel  can  be  compared  in  the  Bamo  manner 
as  by  the  ordinary  tensile  test  and  the  impact 
test  combined.  They  are  given  in  the  follow- 
ing  table,  the  teela  betas  on  foried  muuuMaled 


Averase 

Number 

b«ndtns  effort, 

■Aw. 

Carbon. 

of  tmndt. 

ft-lba. 

abeorM. 

1 

0.13 

43.5 

61 

s.aoe 

S 

0.18 

30.6 

83 

5.080 

s 

Oi2S 

21.2 

72 

3.050 

4 

0.47 

.  23.5 

92 

4,320 

ft 

0.72 

12  2 

l.-?o 

8.170 

? 

0.8T 

Eil 

170 

ijao 

ft 

a 

157 
IM 

The  b 

eadlBB  fl 

MAlne  a] 

lao  vrodwM  a  fno> 

ture  which  varies  very  considerably  with  the 
quality  of  the  steel,  a  variation  preater  than 
with  an  impact  test,  and  much  greater  than 
in  the  case  of  a  tensile  teit.  This  1b  lUnatiateil 
in  the  following  table: 

No.  Carbon.  Fracture  Impact  test.     Fracture  band  teat. 
1     U.13  Silky. 
1    0.18  Very  floe  granular.  Sllkr. 

3  0-2:i  Vrrjr  fine  Kraralsr.       Granular  and  illkr. 

4  0.47  50%  Tery  fine  crystalUtW.  Fine  granular. 

5  0.T2   Fine  cryatalline.  Granular  &  CryatalUlM. 

6  0.87  Very  fine  granular.        Medium  crystallinSb 

7  0.96  Very  One  granular.  Fine  cryatalline. 
S    IM.  CiyiUlllne.  Flos  orysulllae. 

Captain  Sankey's  simply  constructed ,  readily 
operated  machine  seems  to  have  demonstrattKi 
Ita  efltalMur  and  to  be  wortlur  of  adoption  m 
an  estnided  leale  for  praetteal  nae. 


THE  RUSTING  OF  IRON 


A  RESUME  OF  RECENT  RESEARCHES 

00NDBN8BD  VROM 

In  spite  of  all  investigations  the  chemist  la 
not  yet  in  a  position  definitely  to  tell  the  en- 
gineer how  iron  rusts,  and  which  kinds  of  iron 
are  particularly  subject  to  rusting.  The  ques- 
tion is  not  one  of  oxclusively  chemical  nature, 
with  which  the  engineer  need  not  concern  him- 
self. Boiler  corrosions  are  aometlmes  ascribed 
to  Inferior  materials,  said  to  favor  rusting.  The 
charge  is  not  rarely  made  on  insufhcient  evi- 
dence, and  It  cannot  be  aald  that  the  papera. 
■which  olectrochemists  have  of  late  published  on 
the  passivity  of  iron  and  cognate  features  have 
helped  the  engineer  nueli. 

It  Is  generally  conceded  that  Iron  will  not 
mat  in  dry  air,  and  that  it  will  rust  in  moist 
air.  Since  In  the  latter  case  a  hydrate  la  formed, 
and  not  one  of  the  anhydrous  oxides,  both  the 
oxygen  and  the  water  are  concerned  in  the 
raatlns.  Bnt  the  queatlon  arlaea  whether  the 
Inpurltlea  of  the  alr^the  earbonle  add.  In  the 


INTO  THE  THEORY  OF  CORROSION 

flrat  iutaace,  then  the  nitrogen  compounds — 
play  any  essential  part.  Nobody  disputes  that 
impurities  such  as  sulphurous  aCld  are  injuri- 
ous to  the  iron.  It  is  the  carbonic  acid  about 
which  the  fight  has  been  renewed.  In  Octo- 
ber, 1905,  Professor  Wyndham  Dunstan,  Dr. 
H.  A.  D.  Jowett,  and  Dr.  E.  Goulding,  of  the 
Imperial  Institute,  brought  before  the  Chemi- 
cal Society  an  account  of  researches  on  the  rust- 
ing of  Iron.  In  1905  most  English  chemista 
bolleved,  on  the  strength  of  the  Investigations 
of  Grace  Calvert,  of  1871,  and  of  Crum  Brown, 
of  1888,  that  Iron  mated  through  the  com- 
bined action  of  the  oxygen  and  carbonic  acid  of 
the  air  in  the  presence  of  liquid  water,  the  iron 
carbonate  flrat  formed  beinc  gradually  con- 
verted into  a  forric  hydroxide,  or  brown  rust, 
by  the  atmospheric  oxygen.  Dunstan  main- 
tained that  Iron,  oiygen.  and  liquid  water 
were  alone  neceaaary  for  raatlns,  and  that  car- 
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honlc  acid  playi»fl  a  subordinate  part;  ho  also 
believed  that  the  reaction  presupposed  the  In- 
tcnnedlate  formation  of  taydrogon  pennldo. 
These  conclusions  were  soon  attacked  by  Dr. 
G.  T.  Moody,  ot  the  Central  Technical  GoUege. 
Soutli  KenofngtoB,  who  ssaertod  tbai  the  preo- 
ence  of  carbonic  acid  was  ossontlal  for  the  rust- 
ing process  In  air  and  water,  and  that  hydro- 
gen peroidde  had  nothing  to  do  with  the  phe- 
nomena 

Dunstan  and  his  collaborators  believed  in 
the  {mportance  of  hrdrogen  peroxide.  Thejr 

wtTc  unable  to  prove  its  pro«cnco,  but  sug- 
gested that  It  was  a  necessary  intermediate 
product,  being  probably  formed  by  deeompoel- 
tiou  of  water.  They  found  that  none  of  the 
following  agents  bad  any  visible  action  as  long 
as  the  temperature  was  constant:  dry  gases, 
moist  oxygen,  moist  oxygen  and  carbonic  acid, 
moist  oxygen  and  ammonia,  and  moist  carbonic 
add  (C0„);  but  that  motet  oxygen,  aa  well  as 
moist  oxygen  together  with  CO^,  produced  rust 
when  the  temperature  fluctuated  so  that  liquid 
water  was  condensed  on  the  Iron.  Calvert  does 
not  appear  to  have  observed  this  Influence  of 
temperature  fluctuations  and  of  the  moisture 
deposit,  which,  however,  was  fully  recognized 
by  I.  Spennrath,  whose  researches  seem  en- 
tirely to  have  been  overlooked  by  British  and 
also  by  American  diemlsts. 

In  isit.'i  Spennrath  presented  to  the  Vereln 
ziir  Hefoerderung  des  Gewerbeflelsses  a  chem- 
ical and  jibyslcal  study  of  anti-rust  paints,  in 
Which  he  lirst  studied  the  rusting  problem.  He 
conrluded  that  rusting  required  the  combined 
actlou  of  oxygen  and  litiuld  or  condensed  water. 
Iron  remained  bright  for  years  under  water  de- 
prived of  its  oxygen  by  boiling,  and  remained 
also  bright  when  suspended  over  water  ur  in 
saturated  steam,  provided  the  temperatvre  was 
not  In^rered  to  condense  water  on  the  metal. 
Neither  was  Iron  attacked  in  the  boiler,  because 
the  oxygen  would  he  removed  hy  the  holllns, 
except  at  the  water  line.  Therefore,  to  keep 
rust  out  of  a  boiler  which  is  only  to  be  used 
temporarily,  the  boiler  should  be  filled  and 
boiled  up.  Spennrath  further  poinfed  out  that 
gashoiUors  did  not  rust  inside,  because  the 
oxygen  was  kept  oat.  The  presence  of  CO.  was 
not  necf-i-.^ary  to  nist  formaMnn;  for  Iron  did 
not  rust  when  suspended  over  caustic  soda, 
which  would  absorb  the  CO^,  aa  long  as  a  con* 
dcnsation  of  water  on  the  Iron  did  not  take 
place.  Water  and  carbonic  acid  together  pro-  . 
duced  rust,  however,  because  the  add  dissolved 
some  iron,  which  was  further  oxidized  by  the 
oxygen  ot  the  air.   The  drops  falling  from  iron 
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roofs  in  tcxMlr-  works,  Spennrath  pointed  oat, 
were  colorless,  but  they  gave  rust-spots  be- 
cause the  dissolved  ftarrons  carbonate  wu  at* 
r  r  vards  oxidized.  Iron  rusted  faster  in  the 
preaeuoo  Of  adds  and  of  many  salts. 

Moody's  objection  to  the  argnmenta  ot  Dun* 
Stan  is  that  Dunstan  and  others  did  not  take 
sufficient  care  In  their  experiments  to  exdude 
carbonic  add,  which  te  an  extremely  dinealt 
task.  Moody  found  no  rusting  whatever  ^vhen 
air  was  bubbled  for  five  weeks  through  the  dis- 
tilled water  covering  a  piece  of  bright  Iron,  pro> 
vided  the  air  was  passed  through  and  over 
caustic  potash  and  soda-lime.  When  alter- 
wards  air,  merely  sucked  through  a  tower  oon- 
laining  pumice-stone  moistened  with  distilled 
water,  was  admitted,  tarnishing  of  the  iron  set 
in  in  six  hours,  followed  by  copious  rusting. 
This  experiment  of  Moody's  does  not  really 
prove  that  carbonic  add  is  the  primary  rusting 
agent;  It  might  be  anything  in  the  air  absorbed 
)iy  caustics.  In  other  experiments  he  demon- 
strated that  the  absorption  of  oxygen  by  iron 
exposed  to  air  and  water  is  almost  entirely 
stopped  If  the  carbonic  acid  of  the  air  is  re- 
moved. He  also  analyzed  rust  from  the  un- 
palnted  interior  of  Iron  flushing-tanks,  which 
had  not  been  scraped  for  years.  The  rust  was 
brown  on  the  outside,  almost  black  on  the  in- 
side, and  contained,  for  example,  56%  of  the 
iron  as  ferric  oatldc,  33%  as  ferrous  oxide,  tuft 
W'A,  as  ferrous  carbonate,  in  addition  to  some 
calcium  carbonate.  With  hydrochloric  acid  this 
rust  effervesce,  evolving  carbonic  add,  and 
when  exposed  to  the  air  the  rust  lost  in  eight 
days  half  of  Us  ferrous  oxide  and  of  its  car- 
bonate by  further  oxidation  to  ferric  oxide. 
The  persistency  of  the  ferrous  oxide  In  the  rust 
Moody  ascribes  to  the  circumstance  that  rust- 
ing Iron  eontlniiouaiy  liberates  hydrogen  at  Its 
fiurfare.  He  determined  this  hydrogen  In  other 
experiments,  in  which  he  dissolved  iron  In  car- 
bonic add  and  water;  the  Iwlntlon  was  dear 

and  rolnrtess,  but  turned  turbid  when  air  had 
access,  in  hydrogen  peroxide,  free  of  add  iron 
did  not  rust  at  all. 

In  March  la^t  ynnr  Moo.ly  showed  other  ex- 
periments before  the  Chemical  Society,  to  dem- 
onstrate that  carbonic  add  Is  essential  to  rost- 
ing.  Fr«  nrh  nails  were  placed  in  distilled  wa- 
ter— some  with  heads  upward,  some  vertical, 
some  inclined;  about  IH  In.  of  distilled  water 
stood  over  tho  nails.  In  twentv-four  hours 
brown  particles  began  to  settle  on  the  beads 
and  also  on  the  upper  portions  of  the  Inclined 
nails,  whllo  the  vertical  portions  remained 
bright.    When  filter  paper  was  placed  above 
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ttie  nftlto,  the  nist  would  collect  on  the  pftpei^ 

not  on  the  !ruu—  showing  that  nttt  iS  Ml  OSlda- 
tlon  product  of  dissolved  iron. 

We  now  turn  to  tbe  etectrolTtlc  theoir  of 
ruatliiR.  to  which  W.  R.  Whitney  gave  definite 
shape  in  a  paper  read  before  the  American 
Chemlesl  Society  In  190S.  This  thesis  goes  bade 
to  the  electrolytic  solution  tension  theory  of 
Nernst.  According  to  Nemst,  a  solid  dissolFOS 
In  a  liquid  just  a*  tt  •vaporates  in  a  gaa.  The 
vapor  tension  makes  the  solid  evaporate,  and 
the  solution  tension  makes  it  dissolve,  until 
tbe  osmoUe  preasnre  of  the  saturated  solution 
formed  stops  further  dissolution.  Metals  dif- 
fer from  other  substances  in  so  far  as  they  only 
pass  into  solution  in  the  shape  of  positively 
charged  irons.  We  speak,  therefore,  of  elec- 
trolytic solution  tension  in  the  case  of  metals. 
When  a  metal  Is  dipped  into  pure  water.  It 
emits  some  positive  Ions,  which  charge  the  wa- 
ter positively,  while  the  metal  itself  becomes 
negatively  charged.  At  the  same  time  electro- 
static attraction  is  aet  up  between  the  two 
charges;  this  force  opposes  the  solntinn  tpn- 
slon.  If  the  two  forces  u.re  iu  equllibrluna,  the 
dissolution  is  arrested,  and  this  will  often  take 
plare  before  nppreclable  quantities  of  the  metal 
have  been  dissolved,  because  the  electrostatic 
capaetty  of  the  ton  la  enormeoaly  large.  If* 
however,  the  solution  tension  Is  strong,  then 
any  other  positive  ions,  already  contained  in 
the  water — which  la  always  ettghtly  dissociated 
into  the  Ions  H.  and  OH'.,  the  dot  standing  for 
positive,  the  dash  for  negative  loos — are  driven 
from  the  aolution  towards  the  metal,  a  poten- 
tial dtfTerenec  is  set  up,  a  current  flows,  and 
the  dissolution  of  the  metal  proceeds  while  hy- 
drogen ia  liberated. 

This  latter  case  will  better  be  understood  If 
we  imagine  a  metal  like  iron  dipping  into  a 
salt  solution  like  copper  sulpliate.  The  snl> 
phate  contains  copper  Ions;  the  emitted  iron 
ferro  ions  drive  these  copper  ions  to  the  iron 
plate,  where  they  are  deposited.  Everybody 
knows  this;  what  we  are  apt  to  forget  Is,  that 
just  as  much  iron — in  electro-cbemioal  equiv- 
alents— ^Is  dissolved  as  copper  is  deposited, 
floinp  back  to  one  metal  and  pure  water,  we 
find  that  potassium  most  readily  dissolves  in 
water  (with  almost  mcploslTS  energy),  be- 
cause its  solution  tension  is  vory  great,  so  that 
a  strong  potential  difference  is  established,  and 
a  powerful  generation  of  hydrogen  Is  observed. 
Iron  dlppliig  into  i)ure  water  finds  there  only 
very  few  hydrogen  ions.  Yet  Whitney  stated 
that.  In  the  course  ot  weeks,  bright  iron  dis- 
solved In  pure  water  freed  of  Its  air  by  boiling; 


the  dear  solution  became  cloudy  afterwards 

on  admitting  air,  and  Iron  hydrate  was  depos- 
ited. That  any  dissolved  iron  would  first  be  in 
the  ferrous  condition— colorleas  when  diluted 
— and  that  it  would  not  become  visible  before 
its  oxidation  to  ferric  oxide,  is  undisputed.  But 
Dnnstan.  repeating  Whitney's  experiment,  did 
not  find  that  any  iron  was  dissolved  by  pure 
water,  nor  that  any  hydrogen  was  evolved, 
wUdi  the  dIssoltttlOB  of  the  Iron  should  have 
liberated.  Whitney  further  pointed  out  that  a 
trace  of  carbonic  acid  would  act  tttalytlcally, 
so  to  say,  by  causing  the  dissolution  ot  an  tin* 
limited  quantity  of  iron. 

Whitney's  views  are  sui>ported  by  Dr.  Ailer* 
ton  S.  Cushman.  assistant  director  of  the  Uni- 
ted  Statea  Department  of  Agriculture,  who  last 
year  presented  a  report — published  as  Bulle- 
tin 30  of  that  department — to  the  American 
Society  for  Testing  Materials,  meeting  at  At- 
lantic City.  According  to  Whitney,  substanoes 
splitting  of!  hydrogen  ions— e.  g.,  acids- 
should  promote  rusting,  and  snbetan^  spllt- 
♦  ine:  off  hydroxy  1  ions— e.  p.,  baee?* — should 
inhibit  it  Cushman  emphasizes  this  point. 
Broadly  speaking,  experience  favors  this  view, 
for  we  know  that  acids  corrode,  and  alkalies 
preserve  Iron.  But  tbe  question  is  not  so  sim- 
ple; Strong  alkallea  attack  iron.  It  may  appear 
strange,  on  the  other  hand,  that  oxidizing 
agents,  like  chromic  acid  and  potassium  bichro- 
mate, Aould  prevent  rusting.  Dnnstan  says 
they  do  so,  because  they  destroy  the  hydrogen 
peroxide.  Moody  denies  this,  and  Cushman 
ascribes  the  protection  to  the  passivity  Indvoed 
by  the  bichromate. 

The  passivity  problem  is  too  wide  to  be  dis- 
cussed at  length.  Some  metala  turn  passive 
when  they  cover  themselves  -with  a  layer  of  Im- 
pervious oxide.  Iron  rust,  unfortunately,  is  not 
impervious,  and  in  many  cases  there  Is  no  vie* 
Jble  oxide  dim,  and  wo  may  merely  have  to  deal 
with  a  gaseous  film  of  oxygen,  or  also  ot  hydro- 
gen. Cushman  dipped  a  rod  of  Iron  fUr  hours 
in  bIcTiromate  solution  of  or  lOT;  the  Iron 
remained  apparently  unchanged,  but  it  turned 
passive.  When  afterwards  Immersed  in  a  ao- 
lution of  copper  t>ulphat«:',  the  rod  did  not  at 
once  take  a  deposit  of  copper,  as  it  should  in 
the  active  state;  hut  the  Immersion  In  the  sul* 
phate  bad  to  be  roiv.  aied  at  least  six  times  be- 
fore any  deposition  of  copper  was  noticed. 

As,  further.  Iron  does  not  rust  when  under 
bichromate  yulutioiis.  even  when  air  is  passad 
through  the  boiling  solutions,  Cushman  recom- 
mends the  addition  of  a  email  quantity  of  po- 
tassium biebromate  to  the  feed-water  in  order 
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to  prevent  ruetlng  of  bollen.   A  solution  of 

1l(>0  normal  would  sufRco,  which  would  mean 
1  lb.  ot  bichromate  for  I.oOO  gals,  of  water. 
In  view  ol  cases  of  rapid  corrosion  of  the  steel 
boiler  tubes  of  vessels  fitted  with  turbine  en- 
gines, he  considers  such  a  precaution  neces- 
soit;  tbm  eustotnnrjr  proteetion  by  meana  of 
?1nc  strips  !s  dlfflctilt  to  apjily  In  thpsp  boilers. 
This  destruction  within  a  few  months  may  be 
dno  to  tlio  lttfltt«aee  of  volatile  adds,  as  Bpena- 

rath  already  reeopnized.  Volatile  organic 
acids,  impinging  upon  the  bronze  blades  of  the 
turbine,  dliaolve  some  oopper;  tbooe  copper 
ions  would  hasten  the  dlssolntlon  of  the  Iron 
which  would  he  ver>^  slow  and  soon  stopped,  as 
we  pointed  ont.  In  pure  water. 

In  order  to  demonstrate  that  the  ions,  the 
ferro  and  the  bydrozyl  Ion,  axe  really  active  In 
the  rasttng  proceaaea,  Gushman  prepared  hfa 
"ferroxyl,"  a  gelatinized  mixture  of  pbenolph- 
tbalein  and  ferro-cyantde  of  potassium.  Wires 
and  atrlpa  of  aheet  metal  embedded  In  tbto 
ferroxyl  became  marked  with  Irregular  blue 
and  red  spots;  the  blue  is  said  to  be  due  to  the 
reaction  between  the  ferro-lon  and  the  feno- 
cyaniile  under  formation  of  Turnbull's  blue, 
the  red  due  to  the  reaction  ot  hydroxyl  with 
pfaenolphthalein.  One  does  not  feel  certain 
that  (Ills  somewhat  coarse  test  really  marks  the 
distribution  of  the  ions.  But  there  is  no  doubt 
that  rusUng  la  much  promoted  by  eleetrolysle. 
Dunsfaii  dl^^puted  that  the  rusting  Is  primarily 
electrolytic  in  nature,  but  be  found,  as  was  to 
be  expected,  that  Iron  would  not  rust  In 
many  salt  solutions  when  wrapped  with  zinc 
foil  (in  which  couples  the  iron  la  the  elec- 
tro^nevative  element),  and  would  rnrt  wlian 
wrapped  with  platinum  (towards  whtoih  Iron 
is  positive). 

The  researches  of  William  H.  Walker,  Anna 
CedtTliolm.  and  Ijeavltt  N.  Bent,  of  the  Mas- 
sachusetts Technical  Institute,  presented  to  the 
American  Chemical  Society  last  autumn,  follow 
broadly  the  same  lines  as  Cushman's  report. 
Like  Cushman.  they  make  use  of  phenolphtha- 
lein  and  potassium  ferrlcyanide  In  order  to 
demonstrate  the  electrolytic  nature  of  the  iron 
corrosion  T^ut  fhf'V  also  supply  some  further 
interesting  experiments.  We  meutiuued  that 
Ounstan  was  unable  to  confirm  Whitney'a  ob^ 
servatlon  that  iron  would  dlf^sohe  in  water  en- 
tirely free  from  oxygen  or  carbon  dioxide. 
When  the  water  Is  concentrated  to  a  few  drops, 
hnt\-pver.  the  iron  tr-pt  !<;  puecessful,  ncrordfng 
to  Walker  and  hie  feliow-workers.  In  the  pres- 
ence of  a  depolarlxtns  agent,  such  aa  hydroxyl- 
nmine.  the  very  feeble  solvent  action  of  water 


on  Iron  ia  continuous.   Oxygen  itself  can  act 

as  a  depolarizer,  and  the  raiiidity  with  which 
the  rusting  proceeds  ia  found  to  be  a  direct 
function  of  the  partial  pressure  of  the  oxygen 
ahove  the  water.  In  acting  as  depolarizer,  the 
oxygen  combines  with  the  hydrogen  liberated 
during  tho  dissolution  of  Iron.  The  oxygen 
must  Itself  be  dissolved  In  the  water;  under 
these  circumstances,  hydrogen  peroxide  may 
be  formed,  and  hydrogen  peroxide  may  Inci- 
dentally, though  not  necessarily,  be  one  of  tho 
intermediate  products  of  the  rusting  process. 
On  this  point,  and  also  on  the  part  played  by 

carbonic  acid.  Walker  Is,  therefore,  not  In  ac- 
cord with.  Moody,  The  latter  maintains  that 
iron  will  not  rust  tn  water  If  all  aeoeaa  of  tho 
carbon  dioxide  of  the  air  is  excluded.  But  he 
performed  his  crucial  experiments  in  vessels 
of  ordinary  glaaa,  whldi  beoomea  ailghfly  al« 
kaline  through  the  action  of  water  on  the  glass. 
Now  alkali  inhibits  or  retards  the  rusting  of 
iron.  Repeating  Moody's  expartments  In'  Tea* 
sols  made  of  Jena  glass,  Walker  observed  that 
iron  under  water  rusted  almost  as  fast  as  when 
exposed  to  the  air.  Walker  alao  qnestlonn 
Moody's  experiments  with  I  rnrilc  acid,  which, 
it  is  pointed  out,  renders  iron  more  i»erslstently 
passive  than  Moody  seems  to  have  assumed. 

The  researches  of  Wolf  Miiller  aij  l  .Tohanu 
KSnigsberger  chiefly  concern  the  passivity  of 
Iron  and  other  metals.  They  had.  up  till  r»> 
cently,  chiefly  relied  on  optical  tests.  They 
found  that  iron  mirrors,  dipped  into  varloua 
electrolytes,  showed  praetleatly  the  same  re- 
flective power  both  in  the  active  and  in  the 
passive  state,  and  Utey  concluded  that  the  pas- 
sivity could  not  be  due  to  any  assumed  flim  of 
oxide  on  the  iron.  Haber,  Ooldschmidt  and  W. 
Maitland,  C.  McCheyne  Gordon  and  F.  B.  Clark, 
and  others,  objected  that  Buch  iron  mlrrom 
would  always  be  in  the  paaslve  state  before 
being  immersed,  and  would  remain  so  in 
MUller's  electrolytes.  Miiller  and  Kbnlgsberger, 
last  autumn,  published  further  experiments, 
pointing  out  that  the  potential  differences  of 
their  iron  electrodes  certainly  proved  that  they 
experimented  both  with  active  and  With  pas- 
sive iron;  yet  the  reflectlTo  powers  were  tlio 
same. 

Among  othera  who  advocate  the  electrolytic 
theory  of  rustinj?  and  who  deal  with  p.isslvlty 
of  iron  we  may  mention  I^.  L.  Heatbcote,  whose 
studies  were  brought  before  the  Boeiety  ot 

Chemical  Industry  In^t  year. 

Since  different  sorts  of  Iron  are  not  elec- 
trically neutral  to  one  another,  and  as  local 
couples  are  set  up  In  ordinary  Iron,  which  al- 
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ways  ooDtafna  Tarious  impurities,  Cusbman  sug- 
gCBta  that  we  should  use  the  purest  iron  and 
avoid  galvanic  contact  with  other  metals,  so 
far  as  possible.  The  practical  range  of  this 
pOWlUlity  is,  however,  very  limited,  and  the 
recent  expcrlmcntB — still  boing  continued — of 
A.  Schleicher  and  G.  Schultz,  of  the  Technical 
High  School  at  Munich,  ihow  that  the  matter 
cannot  be  put  so  br  lacHv. 

Schleicher  and  Schultz  suspend  plates  of  iron 
In  water,  and  couple  them  with  resistances  and 
a  Kalvanompter  in  the  way  which  Is  usually 
applied  for  conducting  polarization  tests.  The 
eurree  whIA  thejr  thm  obtained  were  all 
smooth.  When  two  somewhat  rusty  Iron  plates 
were  coupled,  the  one  plate  would  become  cov- 
ered with  gas  bnbUee,  whtle  turbid  striae 
bepan  to  descend  from  the  ot^T^r:  the  former 
plate  corresponded  to  the  (positive)  carbon, 
the  Utter  to  tte  (negative)  sine  of  a  Toltate 
couple.  After  a  while,  bubbles  and  striae 
oould  be  noticed  on  both  plates.  When  the 
striae  from  the  two  opposite  plates  began  to 
mix  with  one  another,  the  potential  difference 
vanished.  With  this  couple  the  potential  fell 
eontlsaoualr,  rapidly  at  flrst.  dnrlng  the  90 
minutes  of  an  experiment;  exactly  the  same 
phenomena  were  again  observed  after  the 
plates  had  been  dried  in  the  air.  When  two 
bright  pTatos,  clean nd  -vith  emery  paper  and  a 
dry  cloth,  were  coupled,  the  initial  potential 
dtfterenoe  had  a  lower  raloet  it  deereased.  be- 
came nep;ative,  and  rose  again  at  a  fairly  uni- 
form rate  for  the  three  hours  of  the  experi- 
ment. The  general  appeoranae  of  the  plates 
and  water  waa  the  Bame  as  In  the  first  ex- 
periment; during  the  reversal  of  the  polarity. 
gBB-bubbles  were  not  seen  on  either  plate.  One 
brltjlit  plate  coupled  with  a  rusty  plate  gave  a 
curve  of  flrst  decreasing  and  then  slowing  ris- 
ing potenMnl.  attaining  a  higher  than  the  Init- 
ial value;  nt  flrst  only  the  bright  cathode 
showed  the  rnrmation  of  striae.  On  renewing 
the  expeiiroont  several  times  with  the  same 
plates.  rp-poli?hlnp  the  cathode  and  drying  the 
anode,  the  same  Iciud  of  curves  resulted;  but 
the  observed  Initial  and  the  minimum  poten- 
tials showed  higher  values.  The  rise  of  poten- 
tial would  particularly  be  marked  and  steady 
on  open  circuit,  which  indicates  that  a  de- 
polarization takes  place  in  the  cell;  on  sbaklng 
the  liquid,  the  potential  would  drop  off.  Finally, 
the  potential  difference  would  always  vanish; 
the  liquid  was  then  very  turbid,  and  the 
bright  cathode,  which  had  turned  greenish 
during  the  experiment,  would  show  some  spots 
ot  rust. 

These  observations  can  be  summed  up  as 
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follows:  As  long  as  there  Is  no  potential  d1f« 

ference  between  the  two  plates,  both  plates  are 
equally  attacked;  with  varying  potential  dif- 
ference the  one  plate  is  more  changed  than 
the  other.  The  maximum  potential  dltCerenoe 
observed  was  0.36  volt;  the  corresponding  cur- 
rent Intensity,  0.00018  ampere.  When  plates 
of  carbon  and  bright  iron  were  coupled,  the 
carbon  became  the  anode,  the  potential  set  in 
rather  high,  and  rose  on  open  circuit  continu- 
ously to  0.77  volt  in  24  hours;  after  five  more 
hours,  the  water  had  become  very  turbid,  and 
the  galvanometer  had  gone  back  to  zero. 
Plates  of  wrought  iron  rusted  more  when  alone 
than  when  coupled  with  carbon  plates;  plates 
of  cast  iron  behaved  similarly,  but  showed 
smaller  potential  differences.  In  couples  com* 
slstlng  of  one  wrought-lron  and  one  cast-Iron 
plate,  the  latter  was  chiefly  attacked;  flnally, 
however,  both  were  found  rusted.  In  water 
containing  carbonic  acid,  cast-Iron  shavings  sad 
grains  were  more  rapidly  dissolved  than 
wrought-lron  particles  of  the  same  kind. 

These  experiments  Indicate  both  that  differ- 
ences In  the  behavior  of  different  kinds  ot  iron 
may  disappear  on  prolonged  exposure,  sad  that 
some  other  factors  have  to  be  conslderf^d.  From 
the  researches  of  G.  T.  Bellby  we  know  that 
the  same  metal,  whether  pure  or  Impure,  be- 
haves difTercntly  In  mechanical,  physical  and 
chemical  respects,  when  In  the  soft  and  when 
In  the  hard  phase.  C.  F.  Burgee*  and  Bnglo 
have  dissolved  sheet  Irons  In  diluted  sulphuric 
acid  and  hydrochloric  acid,  and  found  that 
pure  electrolytic  Iron  dissolved  more  quickly 
than  cast  Iron  and  steel.  After  being  heated 
up  to  1,000°  C.  the  electrolytic  iron  fell  in 
with  the  others;  but  this  heating  altogether 
changed  the  order  of  the  corrodlblltty  of  the 
various  irons.  Fawsitt  has  pointed  out  that 
the  electrolytic  Iron  Is  readily  dissolved  because 
it  presents  a  largo  crystalline  surface.  Sur- 
face condition  and  mechanical  treatment  are 
no  doubt  important  features.  ^ 

For  the  engineer,  delicate  laboratory  deter- 
minations Of  potential  differences  have  little 
value.  Such  determinations  do  not  tell  him 
how  the  Iron  will  really  behave  when  riveted 
up  in  bis  boiler  or  building.  We  cannot  decide 
whether  the  rusting  is  primarily  electrolytic 
or  not.  It  is  certain,  how  vcr.  tbal  .'^mall  pu- 
tential  differences  can,  in  the  course  of  time, 
give  rise  to  very  bad  electrolytic  eorroslon. 
Even  the  iron  in  ferro-concrete  is  .  xposi  d  ;  ) 
such  corrosion.  The  engineer  will  therefore 
do  well  to  use  ehemtcally  and  mechanically 
homogeneous  iron  in  structures  in  which  rust* 
ing  has  to  be  guarded  against. 
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CHIMNEYS 


By  C.  PERCY  TAYLOR,  CHARLES  GLENDAY  and  OSCAR  FABER 


G0NDDN8BD  FROM  "flMOlNSBItINQ*' 


This  subject  has  bad  tbe  attention  oi  the 
authors  for  some  time  past,  both  ngardA 
materials  and  calculations. 

As  to  the  conerete.  tests  of  a  l  to  3  mixture 
of  wasTiod  river  sand  and  rotary-kiln  cement 
show  that  it  does  not  deteriorate  under  the 
aettoB  of  the  diy  heat  to  which  it  Is  subjected 
In  an  ordinary  flue,  and  ih?.*  a  riisblng  stress 
of  600  lbs.  per  sq.  iu.  may  be  suiely  aitsumed 
for  purposes  of  calcalatloa. 

AflBuminPT  M  that  the  concrete  Is  Inrp.nnMo 
oC  wlthstaudiDg  any  tensile  stress,  (2;  that 
Bit  15  B«.  (S)  that  the  itnilii  dlacram  to  a 
straight  line,  (4)  that  the  maximum  compres- 
sion in  the  concrete  (measured  on  the  mean 
drcumference)  la  COO  lbs  pw  aq.  In.,  and  (6) 
that  the  maximum  compression  and  tension  in 
the  steel  are  9,000  lbs.  per  sq.  in.  and  12,000 
Ibfl.  per  BQ.  in.,  reapectlvelr.  It  la  easily  seen 
that  the  distance  from  the  center  of  the  chim- 
ney to  the  line  of  zero  stress  =  0.143  r,  where 
T  =  mean  radios  of  the  shell  In  Inches. 

Also,  distance  of  center  of  compression  from 
line  of  zero  stress  »  0.681  r  (from  center  of 
dilmner  0.824  r),  and  distance  of  center  of 
tension  from  line  of  zero  stress  =■  0.034  r  (from 
center  of  chimney  «  0.781  r). 

Since  all  the  forces  are  In  eqnlllbrlQm,  Uie 

exc(>sR  of  pressure  over  tension  must  Le  due  to 

the  height  of  the  chimney,  W  (in  lbs.},  above 
the  section  under  oonslderatton,  and  anmlysls 
sh').'     f  i  t  in  consequence 

t.  =  (W/l,lQOr)  +  (8,566  t./l,100)..(l) 
irhere  t«  and  ti  are  respectively  the  thickness 
in  inches  of  the  concrete  and  of  an  Imaginary 
steel  shell  of  mean  radius  r,  having  n  sectional 
area  eqnal  to  the  actual  area  of  the  relnfordng 
bars. 

From  the  stress  analysis  in  a  section  we  can 
obtain  from  the  conditions  of  equilibrium  ex- 
pressions for  the  thickness  of  the  concrete  and 
the  area  of  the  steel  in  terms  of  welpht,  wind 
moment,  and  the  mean  radius  of  tbo  shell, 
Via.: 

t.     (M/40,2r,f;  f>  —  (W/4S,8r;n  r)  .  .  (2) 
in  which  M  <=:  moment  in  inch-pounds  of  the 
^nd  ftbont  the  section  under  eonstderatlcn. 


The  totnl  ^^ectional  area  Of  steel  reqntred  st 
2  tr  rt.,  or,  from  (2), 

(M/G.40S  r>  (W/7,776)  sq.  ins  (3) 

Tetal  thickness  of  chimney,  t^  (l)  -t-  (2) 

—  (M/4,582  r2)  +  (W/1,372  r)  Ins  (4) 

As  to  the  stress  ratio  giving  the  most  econ- 
omical results,  it  would  at  first  sight  seem  that 
this  would  bo  obtained  when  both  steel  and 
concrete  are  stressed  to  their  maximum  safe 
limits — ssy,  600  lbs.  per  sq.  In.  for  the  con- 
crete and  IC.OOO  lbs.  for  the  steel.  While  this 
is  true  for  the  concrete,  a  lower  stress  than 
10,000  lbs.  In  the  steel  often  gives  the  most 
economical  results. 

Thus,  for  the  upper  120  ft.  of  a  parallel 
ehlmney  of  0  ft  Internal  diameter,  with  a  oon- 

Ftant  maxinuini  compression  of  600  lbs.  per  sq. 
la.  In  the  concrete,  and  assuming  the  concrete 
to  cost  $5.08  per  en.  yd.  and  the  steti  I6S.S2 
per  tnn  of  2,2  I  u  lbs.,  the  total  costs  with  differ- 
ent steel  stresses  are  as  follows: 

Thick. 
Stress  in  ness 

steel,     of  shell.     Steel,     Concrete,  Total 
lbs.         Ins.         lbs.         lbs.  cost. 
10.000       2.6       10.500     OOtfiOO  $202.62 

12.000        5  5,660     146,340  379.08 

16,000        8  2,900     247,100  456.84 

It  Is  thought  that  5  ins.  is  the  minimum 
thleknees  which  can  be  satisfactorily  molded, 

and  at  the  same  time  afford  sufficient  covering 
for  the  steel.  In  calculations  based  on  a  600/ 
12,000  stress  ratio  the  shell  thickness  may 
come  out  considerably  under  H  Ins.  In  this 
case  a  600/14,000 — or  even  a  600/i6,000 — 
ratio  should  he  used,  to  Insure  thst  the  thick- 
ness shall  be  at  least  ins. 

In  a  theoretically  correctly  proportioned 
chimney  the  shell  thickness  Should  taper 
gradually  from  top  to  bottom.  In  practice, 
however,  the  expense  involved  for  shuttering 
renders  It  nearly  prohibitive,  and  two  dlffersmt 
tbicknesses  only  are  therefore  generally  used, 
with  a  break  or  ofTset  about  one-third  up. 

The  data  regarding  an  Ameri<»n  chimney 
Which  recently  failed  are:  Hsiglit  from  point 
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of  fallare  to  top,  131  ft.;  internal  diameter, 
11  ft;  flIieU  thlcknen.  <  los.;  area  of  steel  (18 
—  11.4  X  Mi  X  3/ltl-in.  T-bars),  7.04  sq.  Ins. 
From  tlie&e  values  total  weiglit  on  section  ol 
failure  18  x  131  x  150  »  363,700  lbs.  Band- 
ing moments  due  to  wind  =  25  x  12  X  131  X 
65.6  X  13  «  80,960.000  In.  Itm. 

(Wind  pressure  taken  as  60  lbs.  per  sq.  ft., 
or  25  lbs.  per  sq.  ft  of  Tertkal  projection  of 
chimney.) 

Snbrtitatlnc  these  'valses  In  (4),  we  find 
that  t^  6.16  ins.,  and  from  (3)  the  area  of 
steel  —  24.5  sq.  ins.  [For  a  600/16.000  stress 
ratio,  t=  (M/2.866  r«)  +  (W/1,419  r).  and  area 
of  steel  ^  (M/8.685  r)  —  (W/10.230  );  using 
these  formulas,  t  works  out  at  6.88  Ins..  and 
area  at  17.2  sq.  Ins.] 

From  these  calculations  it  is  seen  that  lAlto 
the  thlckne.ss  of  concrete  was  ample,  tliere  was 
not  nearly  enough  steel  to  insure  safety,  and 
thai}  thifl  defleleooir  in  steal  greatly  Inofeaaed 


the  pressure  on  the  concrete  by  throwing  the 
line  of  sero  stress  away  from  the  oenter  of  the 

chimney,  and  thus  leavinp;  a  very  small  pro- 
portion of  the  section  in  compression. 

As  nearly  as  can  be  calculated  the  maximum 
Btressea  developed  under  the  oO-lb.  wind  pres- 
sure were  7 SO  lbs.  per  sq.  in.  on  the  mean  cir- 
eumferenee,  810  lbs.  on  the  extreme  outer  edge 
of  the  concrete,  and  31,000  lbs.  per  sq.  in. 
in  the  steeL  From  this  it  Is  evident  that  the 
failure  of  this  chimney  cannot  be  said  to 
cast  any  reflection  upon  the  use  of  properly 
designed  ferro-concrete  tor  such  structures.  On 
the  contrary,  given  aound  dMign  coupled  with 
f^ood  wodnBanshlp*  ferro-concrete  chlmn^rs 
have  In  many  cases  sufficient  advantages  over 
other  types  to  insure  their  use  in  all  but  ex- 
oeptlonal  cases.  They  poBsesB  special  merits 
whpfp:  (1)  spaf«  is  limited;  (2)  foundations 
are  bad;  or  (3)  the  height  is  great  in  propor- 
tion to  the  dlamoter. 


NEW  PROCESSES  FOR  THE  PURIFICATION 

OF  DRINKING  WATER 

FROM  RBCBNT  AHTICLBS   IN   -  ENaiNRERING   NEWS,  "   '  MITNIOFAI.  BNOntBnUNO"  AND 

••ELECTRICAL  BNOU4BBRINO  " 


Considerable  matter  has  appeared  in  recent 
technical  publications,  both  in  Europe  and 
Ajneirlca,  on  nev  methods  and  prooesoes  for 
the  purification  of  drinking  water,  which  are 
being  experimented  with  and  adopted  for  use 
In  ▼artous  mnntcipallttes.  A  paper  by  Mr.  Ad. 
Kemna,  which  appeared  In  a  recent  Issue  of 
"Engineering  News,"  is  of  especial  interest, 
reviewing  aa  It  does,  the  moat  important  ad- 
vances In  recent  practice  in  Europe,  and  more 
particularly  France.  Mr.  Kemna's  article, 
arhlidi  is  entitled  ''NoTeltiea  in  FUtratlon  and 
Their  Th-  r  .  ■■  f  iMows  In  part: 

"First  in  importance  among  the  novelties  are 
the  grayel  strainers  called  "d^groeslssenra." 
Mr.  Arniand  Puech,  a  cloth  manufacturer  at 
Mazamet,  Department  Tarn,  In  the  south  of 
France,  had  trouble  vlth  muddy  waters  In  his 
factory.  To  wash  a  piece  of  cloth  the  water 
U  applied  in  a  spray  through  a  pipe  with  small 
holes;  these  holes  were  blodted  by  matter  In 
suspension.  He  tried  filtration  through 
sponges,  resorted  to  clinker  or  dnder,  but  met 
with  Uttlo  sttooeas.    A  aand  filter  waa  then 


used,  but  the  available  head  being  only  3.9  ft. 
the  deeper  layer  of  coarse  gravel  was  replaced 
by  a  perforated  sheet  of  Iron,  supporting  4  Ina. 
of  small  gravel  and  16  Ins.  of  sand;  this  filter 
clogged  rapidly.  Therefore  the  sand  was  dis- 
pensed with.  At  first  the  water  paased  was 
more  or  lesR  opalescent,  but  gradually  the  ef- 
fluent grew  better.  An  important  advantage 
of  the  plant  Is  great  yield,  a  column  100  to 
l-!0  ft  per  24  hrs.,  about  lo  times  more  than 
a  sand  filter  being  obtained.  Thus  the  fact  was 
experimentally  estabUsbed  that  mere  gravd 

straining   at   cumparatlvaly  high    tpeed  Can 
clarify  a  muddy  water. 

'"To  ensure  better  darlfleatlon,  the  thickness  . 
of  gravel  was  Increased  from  4  to  10  ins.,  with 
the  result  that  the  effluent  was  better  but  clog- 
ging more  rapid.  It  was  then  thonsht  that 
"the  mesh  of  the  filter  should  bo  proportioned 
to  the  Bin  of  the  particles,"  which  led  to  the 
Idea  of  using  various  grades  of  gravel  of  dimin- 
ishing size,  with  larger  surface  areas,  which 
means  diminishing  speed.  The  results  being 
satisfactory,  Mr.  Puech  Ut  upon  the  Idea  that 
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hih  gravel  Btialuers,  doing  a  lot  of  work,  would 
relieve  ordlnar>'  sand  filters  of  all  that  part  of 
their  burden,  prolong  their  life  and  ensure 
better  r^ulta.  By  facllUating  the  adoption  of 
■and  fUtnittoii  for  iiraBlelp«lltto8,  a  large  fl«ld 
was  open.  Not  being  an  engineer,  he  secured 
the  asaUtance  of  Mr.  Chabal,  and  the  system  is 
now  called  "OfigroHlHears  Pue^h^Shabal.''  It 

Is  workinp  in  several  places  near  Paris,  at  lo- 
tnalla  on  the  Suez  Canal  with  the  Nile  water, 
aod  recently  has  been  adopted  for  the  dty  of 
Magdeburg  on  the  Elbe. 

"A  typical  Installation  Is  the  one  oC  the  Com- 
pagnle  dee  Eanz  de  la  BanlleUe  de  Parte,  svp- 
plying  a  maximum  of  9,250,000  U.  S.  gals  ;  It  is 
at  Suresnes,  on  the  slope  of  the  Mont  Valerlen. 
The  water  ROea  tbronich  four  beds  of  graTol  at 
giuresBlve  sprcrls  of  ai)i)roxinKitelj*  225,000,- 
000,  130,000.000,  75,000,000  and  45,000.000 
U.  8.  gala,  per  aere  per  day  and  through  the 
two  sam!  filters  at  speeds  of  approximately 
16,000,000  and  2,500,000  respectively.  The 
plant  was  started  by  the  middle  of  Novem- 
ber, IPOr,.  Ton  days  later  the  river  was  at  its 
worst,  In  full  flood,  a  thick,  yellow  liquid;  the 
effluent  from  the  trraTel  atralners  was  searoely 
ojjaleBceiit.  Bacterial  analyses  of  water  from 
the  last  sand  filters  gave  generally  much  les^ 
than  100  colonies.  These  analyses  are  made  by 
Miquel,  who  applies  his  method  of  counting 
after  15  days;  his  figures  are  several  times 
higher  than  with  the  usual  gelatine  method 
after  three  days;  they  are  much  lower  than 
the  counts  obtained  from  springs,  which  at 
Parfa  continue  more  or  lees  to  be  considered  as 
standard.  The  last  filters  run  for  an  indefinite 
period,  more  than  a  year,  and  even  then  their 
logs  of  head  is  ouly  8  luB. 

"An  experiment  has  been  made  at  Waelhem, 
the  flltcrlnK  station  of  the  Antwerp  Water- 
works Co.  An  ordinary  sand  filter  of  .u22-acre 
was  supplied  by  a  gravel  strainer  of  .024-acre 
In  three  compartments  of  0.006,  O.OOG  and 
0.012  acre.  At  the  normal  speed  the  llrtit 
two  compsrtments  pass  80,000,000  U.  S.  gals, 
and  the  third  compartment  -in.noft.non  V.  S. 
gals,  per  acre  per  day.  Mixed  gravel  the  same 
>in  all  compartments  was  need,  but  the  first 
eonipartnient  rlogged  quickly;  the  crnvel  waK 
then  acretiued  in  three  sizes  and  now  the  sys- 
tem works  satlsractorlly.  the  effluent  being 
only  BliRlitly  ojialeBcent. 

"Beside  the  removal  of  suspended  matter 
there  is  a  very  large  reduction  of  free  ammonia, 
with  \ariations,  however,  (I<  r'  M  li^Tit  on  f-'prod, 
and  all  the  compartments  have  their  share  oi  it. 


AlLumiDoid  ammuuia  is  much  leas  reduced,  and 
the  same  la  true  of  total  organic  matter. 

"These  are  the  facts.  They  can  be  summar- 
ized by  saying  that  there  la  a  very  marked  re- 
tention of  raq^ded  partlcilee,  even  of  a  veiy 
"mall  size,  and  also  a  chemical  action  on  or- 
ganic matter,  especially  a  marked  reduction 
of  free  ammonia. 

"The  Idea  of  attempting  to  retain  the  finest 
mud  by  gravel  and  at  high  speed  appears  at 
flrat  Bight  to  he  ImpoHlble.  The  iBtnratleea 
between  the  stones  are  enormous  In  comparison 
with  the  size  of  a  particle  of  clay.  But  the 
elartfleatlon  is  a  tact  and  not  only  partlclea  of 
clay,  hut  also  microbes  are  arrested,  the  strain- 
ers sometimes  taking  out  90%.  In  winding 
their  course  through  the  tortuous  thannela  tn 
the  gravel,  the  suspended  particles  must  come 
in  contact  with  the  surface  of  the  pebbles,  and 
If  this  happens  to  be  dirty  and  stleky,  they 
will  be  arrested.  Mr.  Puech  considers  that  the 
efficiency  of  his  strainers  lies  in  the  multlpllo- 
Ity  of  contacts;  he  olalma  that  the  whole  thldB- 
ness  of  the  gravel  layer  is  working,  while  in  a 
sand  filter  there  is  only  the  surface  layer. 

"The  general  Idea  of  contact  with  sticky  Bur> 

facfy  is  I  I  rt:iinly  correct,  but  has  not  been  pur- 
sued very  far  in  detail.  When  we  consider  the 
mechanics  of  sticking.  It  Is  dear  that  the  ad- 
hesive force  or  sticking  action,  in  order  to  re- 
tain a  particle,  must  be  greater  than  the  actions 
which  tend  to  tear  away  this  partlda  and 
make  it  move  on.  These  actions  are  in 
reality  the  inertia  of  a  moving  body, 
determinated  by  its  mass,  m,  and  its  vel- 
ocity, v;  eo  that  for  the  'dggroississeur'  work- 
ing we  must  have  S  >  mv.  It  follows  that 
when  V  increases,  m  must  diminish;  the  greater 
the  speed,  the  smaller  the  sllo  of  particles  re- 
tained; BO  that  in  the  first  compartment,  where 
Mr.  Peuch  thinks  he  Is  straining  off  the  gross- 
est i)ar(i(  i(>s,  in  reality  only  the  smallest  are 
retained.  This  idea  was  forcibly  brought  to 
the  writer's  mind  by  noticing  a  reduction  of 
opalescence  In  a  badly  conducted  experiment, 
when  through  a  mistake  In  speed  of  466,000,- 
000  gals,  per  acre  per  day  had  been  given;  of 
course  no  result  was  expected,  but  there  was  a 
Koni]  r'''dtiftlnn,  rvon  for  mlrrnbes.  The  strain- 
ing material  was  a  column  of  coke  16  ft.  deep. 
The  retention  Is  a  question  of  a  multlplletty  of 
contacts,  inrjrcly  Independent  of  speed. 

"This  preliminary  treatment  of  the  water, 
relieving  the  filter  of  much  of  its  mechanical 
work,  must,  of  course,  greatly  prolong  its  life 
and  save  cleaning;  against  this  asset  there  la 
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the  dttanlng  o(  th«  strainer  Itself.  ■  Bat  the 
cleaning  of  an  orrllnary  Alter  must  be  done 
with  some  care,  while  the  stralaer  may  be 
handled  ronrhlr-    It  Is  dalmed  that  for  this 

Item  the  strainers  realize  a  groat  economy  and 
this  seems  confirmed  by  the  practice  of  the  sev- 
eral installations.  The  long  run  of  the  fUters 
is  espcrlally  adTantageoiis  in  winter  time,  as 
there  Is  the  possibility  of  bridging  over  a  spell 
of  frosty  weather  without  cleaning.  The  great* 
est  BavinK  appears  to  be  In  dispensing  with 
settling  tanlis  or  decantatlon  reservoirs. 

"The  Saresnes  works  for  part  of  the  snhnrho 
of  Paris,  which  have  already  lu/en  described 
for  the  gravel  strainers  of  the  system  Puech- 
Chahal.  are  also  Interesting  for  several  other 
peculiarities.  Special  attention  has  been  paid 
to  repeated  and  thorough  aeration  of  the  water. 
The  dellTorr  of  each  flKer  into  the  next  Is  over 
a  long  cascade  in  three  steps,  over  which  fails 
«  thin  film  of  water:  the  arrangement  is  sim- 
ple and  efficient.  Whether  the  result  Is  bene- 
flcial.  is  another  (luestlon.  The  idea  is  to  give 
the  oxygen  renuired  for  the  destruction  of  or- 
ganic matter,  but  such  a  direct  action  does  not 
eslat;  there  must  be  an  intermediary  carrier  of 
the  oxygen,  and  plant  life  plays  this  part;  it 
thrives  on  the  carbonic  acid  of  the  water.  By 
Injecting  air  it  is  not  only  oxygen  but  also  car- 
bonic acid  which  is  given,  fostering  vegetation. 
There  is  on  all  the  gravel  strainers  at  Suresnes 
an  abundant  vegetation,  as  luxuriant  on  the 
fourth  compartment  as  on  the  first,  the  stock 
of  carbuuic  acid,  which  means  food,  being  ai 
each  stage  replenished  by  the  caaeades.  With 
the  experimental  tank  at  Waelhem,  vegetation 
was  very  troublesome,  but  appeared  mainly  in 
the  first  compartment:  It  has  been  completelr 
stopped  by  covering  over  the  tank  to  exclude 
light." 

Commenting  on  the  Puech-Chabal  system, 

"Bngln^crinp  Nfws"  pavF  rriitorlallyr 

"It  is  certainly  fair  to  ask  whether  the  same 
results  aa  Mr.  Pueeh  gets  by  his  ddgrosslsseurs 
could  not  be  obtained  at  less  ox-penKp  and 
greater  convenience  by  sedimentation,  or  in 
extreme  eases  by  coagulation  and  sedimenta- 
tion roniblned.  Without  me;inintr  tn  <letract 
from  the  interest  of  Mr.  Kemna'g  diHcusstou 
nor  to  rob  Messrs.  Puech  and  Chabal  of  any 
credit  due  them,  wo  submit  that  before  adopt- 
ing the  Puech-Chabal  preliminary  flltcre,  it 
would  be  desirable  to  test  them  alongside  Malg- 
nen  and  other  American  roufrhlns  filters, 
alongside  mechanical  filters,  sedimentation  ba- 
sins and  combined  coagnlatioik  and  sedimen- 
tation processes,  and  then  to  use  the  results  In 


framing  estimates  of  oomparatlve  first  eoeti 

and  total  annual  costs." 

la  connection  with  the  Puech-Chabal  sys- 
tem and  Its  usefulness  In  treating  waters  whleh 

are  espf daily  turbid,  the  following  excerpts 
from  a  communication  to  VMunlclpal  Engineer- 
ing" by  Mr  William  B.  Fuller  will  dovbUeaa 
prove  of  Interest: 

"Slow  sand  filters  as  now  designed  and 
operated  completely  ttM  to  give  a  clear  efll«« 
ent  when  the  turbidity  in  the  raw  water  av«f- 
ages  above  about  fifty  on  the  turbidity  scale  and 
it  has  been  considered  necessary  to  use  coaga« 
lanls  and  in  general  the  inechnri?i  nl  type  of 
filters  when  the  turbidity  of  the  raw  water 
averages  a  higher  amount. 

■"Tho  cost  of  coagulant  for  very  turbid  wa- 
ters Is  a  very  large  item,  and  including  with 
this  cost  the  objections  which  many  communi- 
ties raise  against  the  use  of  coagulants,  it  Is 
desirable  that  the  slow  sand  filter  be  improved 
so  as  to  remove  any  iiegree  of  turbidity  as  well 
as  of  bacteria. 

"It  has  been  observed  ever  since  slow  sand 
filters  have  been  sdentiflcally  operated  that 
they  were-  able  to  take  care  of  considerable 
overloads  of  muddy  water,  provided  the 
periods  of  overload  were  comparatively  short 
and  not  too  near  together.  These  abnormal 
quantities  of  turbidity  are  stored  In  the  inter- 
stices oi  the  saud  grains  and  gradually  work 
downward  through  the  sand  layer  and  ulti- 
ma t  el  y  appear  in  the  effluent  it  the  oondltioiui 

are  prolonged. 

"Suppose  that  while  this  storage  Is  In  prog- 
ress and  before  any  turbidity  has  worked 
through  to  the  effluent,  hltratiou  is  slopped 
and  the  sai^d  thoroughly  cleaned  to  the  depth 
the  turbidity  has  penetrated,  it  can  be  readily 
iveen  that  this  property  of  storage  caii  be  made 
(ise  of  indefinitely  and  with  a  proper  adjust- 
n)ent  of  the  effective  size  of  the  sand  and  its 
depth  turbidity  of  any  amount  is  easily  re- 
moved by  riow  sand  filtration.  Such  an  appa- 
ratus for  cleaning  sand  qnicMy  to  any  depth 
has  been  In  use  at  Yuma,  Arizona,  for  (our 
years  and  has  been  recently  thoroughlr  tested 
by  the  writer.  In  a  siz  months'  tsst  for  the  eltr 
ol  New  York. 

"The  Colorado  River  water  at  Yuma  Is  at  all 
times  very  turbid,  at  times  containing  1  part 
of  silt  to  50  parts  of  water,  and  averaging 
throughout  the  year  1  part  In  200;  that  Is.  « 
bright  phi  will  di^ripp^'ar  from  view  at  one- 
baif  to  three-quarters  of  an  inch  below  the 
surface  of  the  water. 

"A  mechanical  filter  company  first  Installed 
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ft  plant  at  Yuma  and  had  to  abandoB  It,  httag 

unable  to  clarify  the  water  with  a  coagulant, 
after  which  a  filtration  comimny  Invented  and 
Installed  Oi«  naoUiie  dwMsrllMd  b^ow.  iAl«ii 
■hns  Huecesflfully  clarified  the  water  for  about 
four  years,  the  filter  working  at  the  rate  of 
tlirM  milium  gallons  per  aeie  per  day. 

"The  washing  machine  consists  of  an  in- 
verted open  box  about  tour  feet  square  and 
two  feet  deep,  sad  snitable  operating  median* 
Ism.  The  box  ia  sunk  under  the  water  of  the 
filter  to  the  sand  surface  and  is  held  in  posi- 
tion and  operated  from  a  platform  abore. 
which  platform  Is  movable  on  rails  supported 
by  the  piera  of  the  filter.  The  box  contains  a 
rerolTlng  hollow  axle  and  a  hollow  head,  from 
which  hollow  teeth  project  Into  the  sand  any 
desired  distance. 

"By  means  of  suitable  electrically  driTen 
mechanism,  all  und  r  tl  r  r-ntrol  of  one  opera- 
tor, the  box  can  be  rais«jd  or  lowered  and  the 
platform  can  be  moved  forward  or  backward 
or  sideways.  By  moving  the  platform  the  box 
Is  caused  to  alide  over  the  surface  of  the  sand 
at  a  speed  of  about  10  feet  per  minute,  while 
at  the  same  time  the  ht/Utw  h. n  1  and  teeth  are 
made  to  revolve  slowly,  stirring  the  sand  me- 
chanically. Water  under  a  pressure  of  10  to 
20  poumls  i)er  square  Inch  Is  introduced 
through  the  hollow  axle,  head  and  teeth,  and 
pasaes  In  strong  fine  strsams  Into  the  sand 
throuKb  fine  holes  In  the  teeth. 

"A  suction  pump  connected  with  the  top  of 
the  box  Is  made  to  draw  away  Just  a  little  more 
water  than  is  supplied  through  the  teeth  and 
thus  carries  away  and  discharges  to  a  sewer  all 
the  dirt  which  has  been  stirred  and  washed 
from  tho  RMd. 

"On  account  of  some  water  being  drawn 
inward  from  the  filter  into  the  box  under  its 
edges  through  the  sand  to  make  up  the  de- 

flcleney  between  the  amount  pumped  out  and 
that  let  iu  tbroufih  the  teeth,  none  of  tho 
dirty  water  escapes  from  the  box  into  the  filter, 
bat  it  hs  all  carried  away  and  discharged 
through  a  llexlble  hose  into  the  bewer. 

"The  box  Is  slowly  moved  ahead  over  the 
eard  and  thus  every  part  of  the  sand  siTrfacc  Is 
gone  over  and  cleaned,  after  which  the  ma- 
chine Is  lifted  from  the  Alter  and  flltratton 
started.  All  of  the  oprratlons  of  the  machine 
are  at  all  times  easily  under  tho  control  of 
one  operator  by  simply  throwing  electrical 
•witches 

"This  machine  was  perfectly  successful  un- 
der the  New  York  experiments  and  has  been 
recommended  for  adoption  when  the  proposed 


Croton  filters  are  constmeted.  By  Its  use  and 

the  Intelllpent  proportioning  of  the  effective 
size  of  sand,  depth  of  sand,  rate  of  filtration 
of  water,  depth  of  the  sand  washed  at  eadi 
cleaning  and  rate  of  travel  of  the  machine 
during  washing,  any  practical  degree  of  both 
turUdlty  and  bacteria  removal  la  possible, 
without  the  use  of  any  coagulant. 

"The  saving  of  all  cost  for  coagulant  and 
the  small  cost  of  operation  of  the  dMnIng  nub- 

rhine  make  the  maintenance  cost  of  this  new 
method  vorj-  much  less  than  that  of  any  other 
and  bring  the  total  capitalised  coot  of  an  In- 
vestment for  filters  much  less  than  fur  either 
regular  slow  sand  or  mechanical  filters,  thus 
bringing  filtration  within  the  reaiAi  of  many 
commuaitles  now  holding  bade  on  aoeouat  of 
cost." 

"Mr.  Kemna  also  deeerlbes  In  his  article 

other  new  departures  in  the  pnrlflcatlori  of 
water  which  are  being  tried  out  at  Paris,  as 
follows: 

"In  most  filter  beds  the  sand  la  supported 
on  a  bed  of  gravel  at  least  1  ft.  thick,  and  in 
several  layers;  the  coarsest  below,  the  finest 
above.  In  the  filters  of  the  city  of  Paris 
proper  these  layers  of  gravel  are  now  replaced 
by  porous  concrete  slabs  S  Ins.  thick,  made  of 
small  gravel  with  a  minimum  quantity  of  ce- 
ment. There  is  a  reduction  in  height  of  at 
least  10  Ins..  a  great  advantage  In  Installa- 
tions which  cannot  dispose  of  much  fall,  and 
also  an  economy  In  construction.  The  poros- 
ity Is  quite  remarkable;  the  water  poured  on 
goes  through  so  rapidly  that  it  is  difficult  to 
wet  the  whole  surface  of  the  slab.  Two  ob- 
jections have  been  raised:  will  not  the  msss 
get  clogged?  will  not  the  mass  collApse  by 
dissolution  of  the  cement?  The  two  cases  are 
possible.  Muddy  water  will  soon  put  an  end 
to  the  porosity,  but  the  system  is  not  intended 
for  such  waters.  Besides  this  mechanical  ac- 
tion from  suspended  particles,  there  is  the 
possibllty  of  a  chemical  precipitate  with  hard 
wati-rs.  and  the  reverse  with  very  soft  and 
acid  waters,  tlie  taking  up  oC  the  lime  of  the 
cement.  In  the  former  case  the  porous  slabs 
would  be  transformed  Into  solid  stone;  In  the 
second  it  would  revert  to  its  original  state  of  a 
heap  of  loose  pebbles.  Most  likely  such  events 
will  be  quite  exc*'ptlrnial  and  each  rase  for  a 
water  supply  must  be  examined  on  its  own 
merits.  At  Paris  the  system  has  given  com« 
pleto  satlffar f ion  for  several  years. 

"Of  special  interest  at  present  is  the  St. 
Maur  filtering  station  of  the  dty  of  Paris,  on 
account  of  sn  experimental  competition  for 
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sterilizing  the  filtered  water.  Tliree  systems 
&re  at  work;  Treatment  with  ozone,  by  Count 
de  Flies  (a  Dntch  nobleman);  anotber  bj 
the  Otto  process;  and  the  Duyk  ferrochlore 
ajrstem,  the  combined  action  ot  chloride  of  Ume 
and  chloride  of  Iron. 

"It  Is  possible  that  an  ozonizing  plant  of 
some  tnagnitude  will  be  erected  for  some  o£ 
the  springs  now  supplying  Parts  With  water. 
The  effect  of  ozonizatlon  upon  the  mlcrobflt  to 
a  well  establlahed  fact,  so  little  that  is  new 
will  be  learned;  but  it  will  be  interesting 
as  to  cost,  the  main  point  on  which  there 
Is  still  grave  doubt  In  the  minds  of  many  en> 
glneers." 

A  description  of  the  Otto  process,  which 
will  of  interest  in  th!n  connection,  recently 
appeared  in  "Electrical  Engineering."  from 
whose  account  of  the  apparatus  tlie  followtns 
has  been  abstracted: 

The  apparatus  consists  of  a  small  trans- 
former and  osonlser  eiidosed  fa  a  ease.  A  epe- 
clal  tap  and  emulser,  In  •which  the  o'one  Is 
mixed  with  the  water,  are  also  provided.  If 
the  supply  Is  from  eontlauous  eurrsiit  mains, 
a  small  rotary  converter  must  be  used  to  con- 
Tert  it  to  alternating  current.  Briefly,  the 
oaoniser  consists  ot  a  number  of  iflaaa  plates. 


opposed  to  each  other  In  pairs.  The  opposing 
Sides  are  coated  with  tin  foil,  the  distance  be- 
tween the  coatings  beluK  about  one  twenty- 
fifth  of  an  inch.  Current  Is  supplied  to  the 
plates  from  the  transformer  at  about  15.000 
Tolts.  Air  is  admitted  at  the  top  ot  the  ozon* 
izer  and  is  drawn  down  between  the  plates  be- 
tween the  coatings  of  which  a  continuous  brush 
discharge  takes  place,  a  large  part  of  the  ozy- 
lea  of  this  air  being  converted  into  ozone.  The 
ozone  thus  formed  Is  drawn  off  and  mixed 
with  water  in  the  emulsor.  The  apparatus  re- 
quires very  little  more  power  than  that  re- 
q-ilre'l  by  the  no-load  losijes  of  the  transformer 
and  the  consumption  of  energy  is  therefore 
very  low.  The  apparatus  is  only  need  when 
water  fs  to  bo  drawn.  When  the  water  I.-,  first 
drawn  it  smells  very  strongly  of  ozone,  but  in 
a  few  seeoods  tke  osone  pasaee  off,  leaving  tlie 
water  fresh  and  pure. 

Bacteriological  analyses  ot  samples  of  wa- 
ter treated  in  this  manner  bare  shown  very 
satisfactory  results,  and  several  municipalities 
in  France  are  adopting  this  method  and  are 
putting  down  large  and  eomplete  Initallatloiui 
to  deal  with  the  whole  town  supply.  Thta  is 
being  done  in  the  city  of  Nice,  which  has  a 
population  of  about  100,000. 


THE  ECONOMICAL  PRODUCTION  OF  PORT- 
LAND CEMENT  BY  THE  USE  OF  HIGH 
MAGNESIAN  LIMESTONE* 

By  P.  B.  PECK 

CONDBKSBD  FROM  "BCONOMtC  OBOLOOT." 


One  of  the  principal  drawbacks  in  the  manu- 
facture of  cement,  particularly  in  the  Lehigh 
district,  where  approximately  '>D%  of  the  Port- 
land cement  of  the  country  is  made,  is  the  laclc 
Of  abundance  of  a  non-magnesian,  pure  lime- 
stone. In  most  cases  the  cement  rock  is  too 
low  in  Ume  and  the  deficiency  must  be  made 
good  by  the  addition  of  a  limestone  containing 
as  small  a  percentage  of  fmpurttles  as  possible. 
No  limestone  can  be  used  that  runs  over  4  or 
iWb  magnesium  earbonati,  for  the  presence  of 
too  mnch  (more  than  Sr^  "1  of  magnesia  in  Port- 
land cement  reduces  the  tensile  strength  and 

•Ooaaanaed  from  ao  article  entitled  "Tbe  C«m«Dt  Belt 
«r  FiOB^Taalii." 


causes  tbe  cement  to  expand  and  crack  after 
setting. 

Recognizinp  the  great  desirability  In  using 
a  limestone  high  in  magnesia,  in  the  manufac- 
ture of  Portland  cement,  Mr.  Richard  K.  Meade, 
chemist  for  the  Dexter  Portland  Cf-ment  Co.,  at 
Nazareth,  Pa.,  has  recently  taken  out  a  patent 
for  a  process  for  making  a  cement  superior  in 
strength  to  the  host  grades  of  Portland  cement, 
out  ot  limestones  containing  preferably  from 
6  to  20%  ot  magnesia.  The  principle  which 
lies  at  (he  base  of  his  discovery  ron.^lats  In  the 
conversion,  through  the  addition  of  calcium 
chloride  or  some  other  chloride,  of  the  mag- 
nesia into  the  ozychlorlde  of  magnesia,  whieli 
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|8  a  compound  closely  related  to  the  oxychlor- 
ide  of  xlnc,  a  compound  mucli  used  by  dentists 
M  «  cement  for  filling  teetb. 

The  oxychloride  of  maguesla  has  rementinK 
properties  greatly  superior  to  those  of  the  best 
grades  of  Portland  cement,  and  wotild  eonae- 
qnently  add  matertaJly  to  Its  stron^^ti)  in  direct 
proportion  to  the  amount  present.  The  process 
(quoting  from  the  patent,  No.  866.376,  dated 
Sept.  17.  1907),  "consists  In  mixing  with  ce- 
ment roclf,  sufficient  high  magnesiau  limestone 
to  bring  the  lime  and  magnesia  in  the  mixture 
up  to  the  proi)er  ratio  to  the  silica,  iron  oxide 
and  altiMiiiia,  iIih  |)ref<-ni';I  ratio  of  the  calcar- 
eous material  to  ibe  urgillaceous  material 
being  approximately  2  to  l.  The  mixture  is 
then  gronnd  fn  nr  Impalpal)!*'  i)owder.  burnftl 
to  the  point  ot  incipit'iu  vitrifaction  and  a 
small  percentage,  preferably  from  1  to  10%  by 
wpff^hf  of  calrlrim  ohlorldf  \s  added  to  the 
clinlter  and  the  mixture  ground  to  the  re- 
quisite flnenesB.    The  proportion  of  caldum 

chlorido  to  thr*  mlxttirf  will  dr'iiPirl  upon  the 
percentage  of  magnesia  in  said  mixture,  satis- 
factory results  being,  obtained  by  the  addition 
of  of  calcium  chlnride  to  a  ppmciit  mixture 
containing  S'/t  ot  magnesia.  Where  the  cement 
mixture  contains  a  larger  peroentager  of  mag- 
nesia a  I'i'OTiortiotially  larger  amount  of  the 
chloride  will  be  required. 

"In  place  of  caldum  chloride  I  may  employ 
otlirr  rhiorides,  prr-fcrably  metal  chlorides, 
such  for  example  as  sodium,  or  other  alkaline 
chlorides,  magnesium,  or  other  chlorides  of 
metals  of  fho  magnesium  p;ronp  hariura,  or 
other  alkaline  earth  chlorides;  the  various 
chlorides  being  equivalents  of  the  caldum 
chloride  mentioned.  In  the  practice  of  my  pro* 
cess, 

"The  calcium  or  other  chloride  employed 

may  be  addod  to  the  ina*>  iials  ii  od  in  the 
manufacture  of  cement  before  griudlug,  or  be* 
fore  burning,  or  It  may  be  adde'd  to  the  clinker 
at  any  time  durlnK  thi^  process  of  ktrhuling.  or 
it  may  be  added  to  the  cement  before  being 
used,  or  to  the  water  or  other  material  mixed 
with  th<'  rfriieiit;  it  beiuK  fiufflclent  that  the 
Chloride  be  incorporated  with  the  high  mag- 
neslan  limestone  cement  at  any  time  prior  to 
th'e  crystallisation  or  setting  of  the  latter  in 


use.  ail  1  aii.v   such  iiicoipoiatiuii  is  deemed  to 

he  within  the  spirit  ot  my  iaventioo,  and  the 
scope  of  the  protection  for  which  I  have  made 
application. 

"Oypsum  or  plaster  of  paris  may  be  added 
to  the  materials  employed  in  producing  the  ce- 
ment at  any  time  either  before  or  after  grind- 
ing if  found  necessary  in  order  to  regulate  the 
set.  The  caldum  chloride,  or  its  equivalent, 
however,  serves  this  purpose,  so  that  the  addi- 
tion of  gypsom  or  plaster  of  parls  Is  in  most 
cases  wholly  unnecessary. 

"In  use,  the  calcium  or  other  ehloilda  OB- 
ployed  combines  with  the  free  magnesium 
oxide  in  the  cement  when  the  latter  is  mixed 
with  water,  and  not  only  renders  the  latter  in- 
nocuous, but  also  forms  with  it  an  oxyrhloride 
compound  having  itself  great  cementing  prop- 
erties. The  resulting  mixture  of  Portland  ce- 
iiiPiit  anl  o\>  chloride  cement  has  groater 
.sirenBih  and  binding  properties  than  the  Port- 
land cement  itself.  It  will  thus  be  seen  that  in 
the  practice  of  my  invention  I  am  not  onlv  r-blo 
ta  utilize  high  magnesiau  limestone  in  the  man- 
Kfscture  of  cement,  thereby  cheapening  the  cost 
n(  such  iTiaTiiifncture,  but  T  nm  also  enablftl  to 
produce  by  such  use  a  superior  quality  of 
cement." 

Mr  Mende's  discovery  has  not  yet  been  put 
I )  commercial  use.  The  slgniflcance  of  tbO 
/'Iscovery  wHl.  however,  be  at  once  apparent. 
The  search  of  the  cement  manufacturers — par- 
ticularly of  those  in  the  Lehigh  region — for  a  , 
h!gh-grade  limestone  would  be  ended.  Further. 
I'n^^trni  of  using  gypsum  to  retard  the  set  of 
the  cement,  they  could  import  calcium  chloride 
with  less  expense. 

In  addition  1o  tTiI.>^  arlvntitace  fbe  cement 
made  by  Mr.  Meade's  process  is  said  to  be 
stronger  than  ordinary  cement  Mr.  Mead« 
states  that  saixi  bri<|iiettes  (1  part  cement  to  3 
parts  saud),  made  of  cement  manufactured  ac- 
r'^rding  to  his  process,  at  the  end  of  seven  days 
stool  a  t.-t  of  noo  lbs.,  whib'  the  }iost  grades 

Portland  are  not  expected  to  reach  over  260 
At  the  end  of  six  months  they  stood  a 
•  e  t  of  4r>0  111-  ,  thus  sbowiim  no  retrogression. 
The  cement  from  which  these  briquettes  were 
ma'*?  contained  a  little  more  than  9%  of  mag- 
nesia. 


MAV.  mn. 


THE  FLOW  OF  COMPRESSED  AIR  IN  PIPES* 

BfE.J.  LASCHINCER.  M.  E. 


The  subject  of  compressed  sir  power  is  one 
of  great  Importance  to  the  mlntns  Industry. 
The  average  compressed  power  InstsUed  on  a 
producing  mine  is  about  equal  to  the  mill  eu- 
gine  power.  Efflciency  in  air  power  generation, 
transmissiou,  and  application  is,  therefore,  in- 
timately bound  up  with  that  problem  of  peren- 
nial interest — reduction  of  worklnc  costs. 

The  transmission  of  air  power,  to  m  Iftrgv 
extent,  forms  the  subject  of  this  paper.  The 
auihur  hati  no  heHitatitm  in  expressing  the 
opinion  that  this  phase  of  the  question  has  not 
generally  recelvod  the  attention  it  deserves. 
The  aiteutiou  bestowed  by  tjlectrical  engineers 
on  the  destgn  and  oonatruction  of  their  trant- 
mission  llnrs  is  well  known,  bufth*'  n-ui-e  care 
Is  seldom  given  to  the  installation  ut  uir  pipe 
Unti.  The  sublect  of  eflclent  transmission  of 
air  in  pipes  as  nffectinR  our  mines  suffers  from 
two  disabilities — one  general  and  the  other 
loeal. 

The  laws  of  the  flow  of  air  In  pipes  arc 
not  generally  understood,  and  various  conflict- 
ing tormulaa  and  tablai  have  been  publlahed, 
none  of  which,  a.s  far  as  the  author  Is  aware, 
treats  the  subject  thoroughly,  or  gives  data 
and  Information  In  a  eoaolM  and  handy  form 
for  use.  These  formulaF?  mostly  Introduce  un- 
usual factors,  and  express  results  in  terms 
which  are  not  oonvenlent.  It  mnat.  fortber, 
be  remeiiihered  that  reliable  experiments  on 
the  flow  of  air  are  few,  and  therefore  the  data 
on  which  to  base  a  formula  are  meager.  This 
is  the  general  disability. 

As  a  basis  for  investigation .  the  author  takes 
the  well-known  formula  for  the  flow  of  water 
In  plp«*— 

H=  z  rL  '  I))rv'  ■  -J^')  (\) 

where  H  ia  the  resistance  bead  in  feet  height 
of  the  fluid. 
D  la  dlameffr  of  pipe  In  feet. 
L  is  length  of  pipe  in  feet. 
T  Is  velocity  In  feet  per  second, 
g  is  acceleration  of  gravity. 
Z  is  co-efficient  of  friction. 
With  the  other  factors  all  known,  the  above 
equation  is  solved  for  the  velocity  of  flow. 
In  the  case  of  air  flowinp  in  a  pipe,  since 

*Coo4eo>a4  from  a  ptper  read  bvforc  the  Tranavaai  la- 
■tltnte  sr  MsebsBlcal  SagtsMri. 


tbe  pressure  must  drop  as  the  air  moves  from 
one  end  of  the  pipe  to  the  other,  and  sluce 
air  is  compressible,  and  because  in  uniform 
(low  the  weight  of  air  per  second  passing  all 
points  Is  the  same,  it  follows  that  the  actual 
velocity  must  be  continually  increasing.  For 
this  reason  we  will  take  v  to  represent  the 
mean  velocity  of  flow  at  the  mean  density  of 
the  air  In  the  pipe. 

The  quantity  of  air  fru.  ft  per  hoc.  )  is  ob- 
tained by  multiplying  the  velocity  by  the  area 
of  the  pipe  in  square  feet. 

Multi|)l.\  iijg  next  the  quantity  in  cubfr  feet 
secotiil  by  ilm  density  of  the  air  (lbs.  per  cu. 
ft.),  we  obtain  as  a  result  the  lbs.  per  second 
wi'iKht  of  air  tlowinK 

All  calculations  on  the  compression  of  air 
and  work  done  by  air  engines  are  usually  and 
most  conveniently  carried  out  on  the  weight 
of  air  basis,  and  It  will  bo  found  most  advan- 
tageouB  to  use  this  basis  also  for  traanntSBloD 
calculations. 

.Nearly  all  tbe  formulas  and  tables  published 
heretofore  have  given  the  flow  of  air  either  in 
eubfc  feet  at  terminal  pressure  or  as  free  air 
at  atmospheric  pressure  (14.7  lbs.  sq.  in.  and 
«0*  F.).  At  this  altitude  the  usual  tree  air 
liasls  docs  not  hold  pood,  but  the  weight  of  air 
basis  holds  good  at  all  pressures,  altitudes  and 
temperatures.  Calculations  on  steam  are  aU 
ways  carried  out  on  the  welpht  bases,  and  en- 
gineers are  familiar  with  this,  and  it  only  re- 
quires a  little  experience  and  practical  ae- 
^luaiiitance  with  tbe  working  out  of  air  prob- 
lems to  coaviace  anyone  of  tbe  simplicity  and 
convlenee  of  using  the  same  notation  when 
dealing  with  air. 

Assuming  a  uniform  average  temperature 
throughout.  Introducing  all  the  above  factors, 
and  converting  into  the  usual  units  of  mea.c- 
urement,  we  obtain  the  following  equation; 

To  find  flow — 

W  =         I  i«J8  R)'X  VC<<*Tp»T^p''a)  rz  L"T1  ..(2) 
—  0.17625  V(d»  (pt«  —  p»')rA  LTf. 

also  to  determine  diameter,  mean  velocity  of 

How  and  terminal  pressurc; 

d  -  2.0034  4)1W«"  JiT t7(^  -  |.  oi_  (3) 

v  —  iB.WWV|«l  T  (pi  -  p;);  Z  L  f|.,  -I-  p,)]'.. {A} 
p,  =.  V(pi»  — 8a.»W»Zi,T/  d»)   .{5) 

4B» 
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represents  tbe 


Vrhm  W  —  Ibfl.  air  dellTOTad  p«r  M<mid, 

d  =  diameter  of  pipe  In  inches. 

=  initial  pressure  lbs.  per  sq.  in.  absolute, 
p,  =  lliml  prewure  Ito.  per  aq..  in.  «lMotat«. 
T  =  absolute  temperature  (160.7  +  'F.). 
L      len^tli  of  pipe  in  feet. 
R  3s  A  wMtaat  tor  air  —  SS.22. 
»  ^  2.14159. 

It  may  b«  wortb  wbtle  to  mention  that  in 
the  aboTe  formalas  p^ 
drop  or  loss  In  pressure. 

P,  +  P,  repreieota  twice  the  aYerage  prenuxe, 
and  since 

p!  —  p!  «■  (Pi  —  Pi)  (pi  +  Pi) 

the  expression  (p?— pi>  is  equal  to  twice  the 
prodQct  o(  tbe  drop  In  pieoiarB  in  the  mean 
preasure. 

It  remains  now  for  the  practical  application 
of  the  above  formalaa  to  determine  the  prob- 
able Talue  of  Z,  the  ooettclent  of  friction.  This 

can  only  be  done  by  analyzing  tbe  results  of 
actual  experiments  on  the  flow  of  air.  It  has 
been  found  that  Z  Is  not  a  constant  quantity, 
but  vnrio!^  with  the  diameter,  becoming  leaa  as 
the  diameter  increases  and  probably  also  as 
the  velocity  increases,  as  has  been  proven  in 
the  case  of  the  Hnw  of  water.  Tests  on  the 
flow  of  air  are  difficult  to  carry  out,  Involve 
many  sources  of  error,  aod  are  also  expensive 
to  conduct.  These  reasons,  together  with  the 
fact  of  tbe  lack  of  tlie  u.sual  facilities  for  carry- 
ing out  such  experinieuLs,  are  uu  doubt  re- 
sponsible for  the  meager  materials  available 
for  flzlns  the  value  of  the  coefficient  oC  fric- 
tion. 

There  are,  however,  the  ezperlmenta  of 

Stockalper  at  the  St  Hntthard  Tunnel,  and  of 
Gutermuth-Rledler  on  the  Popp  air-power  sys- 
tem of  Paris;  also  experiments  by  Sevllles  and 

Lorenz,  which  the  author  hus  compared  with 
the  data  on  the  Stockalper  experiments  given 
in  Kent's  pocket-lsoolc.  and  the  Outermuth- 

Rledler  exptTlmonts  in  ridfessfjr  Tiiwln's  book 
"On  the  Development  and  Transmission  of 
Power." 

From  all  those  reaultH  the  author  deduces  a 
formula  for  the  value  of  the  coefficient  of 
friction  Z,  whlidk  would  slve  Ita  probable  value 
for  various  diameters. 

Z  -  0.005  +  0.03/Vd.  K> 

where  d  is  the  diameter  of  pipe  in  inches.  (See 
Table  I.) 

The  formulas  on  flow  as  given  look  soine- 
wbat  formidable,  and  for  practical  purposes 
and  everyday  use  fUrtbw  alvpllcatlen  may  he 
adopted.  For  mlnins  work  on  the  Band  we 


may  aasume  80*  P.  aa  an  averace  undergrownA 

temperature.  Taking  a  unit  length  of  1,000 
ft.,  and  working  on  the  average  pressure  of 
the  compressed  air  in  the  pipe  at  a  dro9  la 
preasure  of  1  lb.  per  aquare  Indi.  and  eoaverl- 


TABLE  I. — Coefficients  of  Friction  (Z)  for  Air 
Flowing  In  Pipes,  and  Factors  (C)  for 

Finding  Flow. 

Nominal  Actual  Equlva- 
Diam.,  Dlam..     Cooff.         lent  Factor 


Ini. 
1 

1^ 
2 
3 
4 
C 
8 


Ins. 
1.06 
1.61 
2.07 

3.07 
4.03 
6.07 
7.88 


10  10.02 

12  12 

16  16 

20  20 

24  24 


Z. 
.03428 
.02864 
.02686 
.02212 
.«1»»4 
.01718 
.01682 
.01448 
.01886 
.01250 
.01171 
.01112 


length  L*  a 


2.6 
4.7 
8.7 

11.6 
16.8 


.10871 
.32681 
.71084 

2.1221 
4.6020 


28.4  18.666 

42.0  29.467 

68  E3.429 

78  86.802 

107  186,27 

142  336.20 

180  644.22 


*Li|  ==  lengUi  Id  teet  of  pipv 
Is  •QiUvalattt  to  tba  Tcloeftjr  I 


vhMo  (rlettossl  nslsiaiies 


ias  Into  lbs.  of  air  per  minute*  we  obtain  the 

following  formula: 

Flow  of  air  lbs.  per  min.  =      =  C  V  p  b^  (8) 
Where  e  la  a  oonatant  tor  each  size  of  pipe, 
p  is  the  mean  preasure  in  the  pipe,  ibe. 

square  inch. 

h  la  the  drop  pressure,  lbs.  square  incli. 

The  values  of  C  are  given  la  Table  1. 

The  quantity  of  air  flowing  in  a  pipe  varies 
inversely  as  tbe  square  root  of  the  length — 
1.  e.,  a  pipe  of  four  times  tbe  length  would  give 

half  the  flow,  and  a  piiie  of  quarter  the  length 
would  give  double  the  flow.  To  find  the  flow 
for  any  particular  pipe  the  simple  procedure 

would  be  to  oljtaln  from  the  tables  the  flow, 
assuming  the  pipe  to  he  1,000  ft.  long,  and 
then  multiply  that  result  by  V  (1,100/L). 

Since  quantity  of  air  Is  commonly  eiprsned 

in  cubic  foot  of  free  air  per  minute,  this  can 
be  conveniently  found  from  the  results  of  onr 
formulas  and  tables-  by  multiplying  by  the 

siieciflc  NoUiiiie  of  air. 

At  sea  level  (14.7  lbs.  per  sq.  in.)  and  60* 
F. — 18.091  en.  ft  per  lb.  air. 

.\t  Johannesburp:  level  fl2.1  lbs.  per  aq.  in*) 
and  60°  F. — 15.904  cu.  ft.  per  lb.  air. 

At  Johanneaburg  level  (12.1  iba.  per  aq.  la.) 
and  80*  F. — 16.616  cn.  ft  per  lb.  air. 
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So  far  we  have  been  considering  the  flow  ot 
air  iQ  horizontal  pipes.  It  staDds  to  reason 
that  if  compressed  air  be  delivered  In  a  pipe 
with  its  discharge  end  at  a  different  elevatlOA 
to  the  inlPt,  the  condition  of  flow  -ft-lll  bo  some- 
what modlflod.  The  mean  density  of  the  air 
will  be  different,  and  therefore  the  flow  will  be 
affected.  Taking  the  case  of  a  pipe  delivering 
air  down  a  vertical  sbalt,  it  is  evident  that  the 
weight  of  the  air  assists  the  flow,  and  tills  Is 
manifested  by  an  increased  pressure  at  the 
bottom.  If  the  friction  loss  be  less  than  the 
lAcrease  ot  preBBure  due  to  depth,  then  the 
pressure  at  the  bottom  will  he  greater  than  at 
the  top;  If  the  friction  loss  be  isreater  than  the 
laerease  of  pressure  due  to  depth,  then  the  hot- 
tom  pressure  will  bo  less  thnn  the  top  pressure. 

Now,  in  the  construction  of  our  formula  we 
assumed  that  flie  flow  varied  difeetly  as  the 
mean  density,  and  the  mean  density  varied  as 
the  mean  pressure.  For  the  mean  pressure  we 
assnmed  the  ayerase  of  the  end  pressures.  Thlfe 
assnniptinn  is  not  absolutely  and  theoretically 
correct,  but  without  such  an  assumption  the 
formula  would  be  so  eomplicated  as  to  he  al- 
most impossible  of  practical  application,  and, 
considering  the  sources  of  uncertainty  in  our 
experimental  ooeffldent.  no  more  reliable  In 
its  results.  This  being  the  case,  it  Is  quite  safe 
to  assume  that  the  influence  on  flow  due  to 
depth  Is  allowed  for  by  calculating  the  static 
pressure  at  the  bottom  of  the  pipe,  deducting 
the  resistance  loss,  and  talcing  the  mean  prea- 
surs  as  the  aTorage  of  top  and  bottom  pres- 
lures. 

Now,  the  ratio  of  bottom  to  top  pressure  va- 
ries as  the  Naperlan  logarithm  of  Tsrtlcal 
depth. 

We  have 

log,  =  Pb/Pt  -  LyBT  (H) 

or  Pb/Pt  ss  2.S029  times  common  log  of 

L^/RT, 

Where      is  vertical  depth  in  feet. 

R  Is  constant  for  atr  «-  58.SS. 

T  Is  absolute  temperature.  Fahrenheit  scate. 

To  obtain  the  flow  of  air  in  a  pipe  down  an 
incline  or  vertical  shaft.  It  would  be  necessary 
to  multiply  the  top  pressure  by  the  ratio  of 
pressures  corresponding  to  the  vertical  depth 
to  find  the  bottom  static  pressure;  then  deduct 
from  this  the  frictional  loss  to  get  the  true 
bottom  prsssure.  The  average  of  the  top  and 
bottom  pressure  now  gives  the  mean  pressure 
to  use  lu  the  calculations. 

This  proceeding  may  be  an  nnneosssarf  TO- 
flnement  for  most  practical  purposes,  yet  the 


influence  of  depth  Is  very  marked  In  Its 
at  great  depths — at  3,0  0  0  ft.  It  represents  an 
increase  of  11%  lu  pressure.  We  come  now  to 
a  Tery  Important  matter  affecting  the  flow  of  air 
In  a  piping  installation  in  practice,  and  that 
is,  the  resistances  due  to  receivers,  valves, 
bends,  etc.  These  have  a  marked  effect  on  the 
flow  and  on  the  resultant  final  pressure. 

Unfortunately,  experiments  to  determine 
these  losses  tor  air  and  gases  an  pracUeallr 
non-existent,  yet  even  approximate  deterntnn- 
tlons  will  be  better  than  neglect  ot  these  fao- 
tors  or  pure  guess  work.  Fortunately,  coef- 
ficient.s  for  various  resistances  have  been  ex- 
perimentally determined  for  the  flow  of  water, 
and  nearly  all  InTestigators  are  agreed  as  to 
the  form  of  expression  representing  diese 
losses. 

One  way  of  dealing  with  these  resistances 

is  to  allow  a  certain  drop  of  i)re88ure;  Lut 
how  much  should  be  allowed?  The  objection 
to  tbis  loose  method  of  treatment  is  obvious. 
Again,  the  question  arises:  Since  flow  depends 
on  the  mean  pressure,  should  the  loss  of  pres> 
sure  due  to  bends,  etc.,  be  deducted  before 
making  calculations  on  flow  or  after?  It  is 
also  generally  agreed  that  these  losses  of  pres- 
sure vary  directly  as  the  square  of  the  velocity 
of  flow,  and  will,  therefore,  vary  with  the 
amount  of  air  passing  through  the  pipe. 

There  is,  however,  a  fiatlsfactory  way  out 
of  these  difficulties,  and  that  is  to  express 
these  resistances  in  terms  of  equivalent  lengths 
of  pipe.  As  before  indicated,  it  is  generally 
assumed  by  authorities  on  pneumatics  and 
hydrodynamics  that  the  resistances  are  best 
expressed  in  terms  of  the  velocity  head,  and 
therefore  we  will  eo  use  them  in  our  formula. 

We  commenced  our  investigations  with  the 
fundamental  equation  (1)  where  U  Is  the  re- 
sistance head  and  y*/2g  Is  the  velocltir  bead. 

If  we,  therefore,  put  for  our  unit  of  resist- 
ance the  equivalent  of  the  velocity  head,  the 
term  Z  <L/D)  »  1.  the  length  ot  pipe  which 
would  lose  in  friction  the  energy  of  the  Teloetty 
head  would,  therefore,  be 

L      d/12Z.  (10) 

where  d  Is  diameter  In  Inches. 

In  Table  I,  the  fourth  column  gives  values  of 
length  of  pipe  In  feet,  giving  our  unit  resist^ 
ance,  equivalent  to  the  Telocity  head. 

Certain  authorities  on  the  flow  of  air  and 
Bteam  in  pipes  express  reststancee  as  above 
but  assume  that  tbese  resfstanoss  are  equiva- 
lent to  a  length  expressed  in  diameters  of  pipe. 
A  constant  coefficient  of  friction  for  all  dlame- 
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ters  of  pipes  has  evidently  been  taken  for 
granteti,  but  tbis  is  not  true,  and,  therefore, 
the  reaiilta  mast  be  wrong  also. 

In  putiinK  forward  probaMe  values  for  the 
coeffideot  of  resistance  for  various  pipe  fit- 
tings, etc.,  the  author  does  so  wlthont  full  eon- 
fldence,  because  of  a  lack  of  experimental  data 
necessary  to  arrive  at  reliable  results;  still, 
there  Is  some  material  available  on  which  to 
build,  so  for  want  of  fuller  information  the 
results  may  be  accepted  with  some  degree  of 
apprailnwtioB  to  the  truth. 

BNTRANCB  HEAD. 
The  Initial  velocity  has  to  be  given  at  the 

expense  of  pr«»ssiire  enerpr  eriulvalont  to  the 
veloclti'  head.  This  loss  is,  therefore,  in  our 
measure,  unity.  There  is  a  further  loss  due  to 
the  edg*»8  of  a  plpu  caus'np  ronfrartlon  of  the 
flow.  In  the  case  of  water,  with  sharp  edges  of 
the  orifice,  this  is  equal  to  about  four-tenths 
of  the  vplorlty  head.  With  well-ronnded  edges 
or  a  conical  mouthpiece  this  loss  is  almost 
negUgihle.  Let  us  take  the  total  factor  at  1.6 
times  the  velocity  head. 

AIR   RBCBIVfiR   OR   SUDDBN  BNLARQB- 
MENT. 

When  a  fluid  at  a  high  velocity  debou^es 

Into  an  enTargemont,  its  velocity  head  Is  de- 
stroyed, and  in  again  entering  the  outlet  pipe 
ttie  energy  of  entrance  head  Is  again  required. 
If  the  change  of  cross-section  bo  effected  grad- 
ually with  diverging  and  converging  tubes, 
there  la  praetleatly  no  Iom.  This  refinement  of 
design  Ik,  however,  bo  seldom  mot  with  In 
practice  that  we  can  afford  to  neglect  it. 

The  loss  tn  a  receiver  would,  therefore,  he 
on  the  above  theoretical  coushleration  equiva^ 
lent  to  about  2.u  times  the  velocity  head. 

The  Outermuth-Rledler  exp^Hiamts,  how- 
ever, included  some  separate  investigations  on 
the  losses  in  large  receivers.  The  loss  of  pres- 
sure In  these  tanks  was  very  considerable,  the 
coefhclent  of  resistance  being  about  twenty 
^mes  the  amount  which  would  be  given  by  the 
dfiethod  of  calculation  based  on  our  theoretical 
investigation. 

Unwin  calculates  a  factor  of  resistance  due  to 
these  tanks  in  the  form 

Pr  -  f  P  V«   (11) 

where  p*  ^  loss  of  pressure  lbs.  per  sq.  in. 
P  —  absolute  pressure  of  air  lbs.  persq, 

V       V.  locity  In  fept  per  second, 
f  —  factor  of  resistance. 

If  we  represent  the  coefficient  of  resistance 


a-lopi.-d  in  this  paper  by  the  ratio  of  the 
two  factors  will  be 

k  =  2gRTf.  (12) 

Whi  re  K  is  the  acceleration  of  gravity. 
R  is  constant  for  air — 53.22. 
T  Is  absolute  temperature. 
Taking  the  average  value  of   k   as  found 
45.3)  we  deduce  that  the  resistance  effect 
of  a  receiver  la- 
in an  8-ln.  pipe  equivalent  to  1,930  ft.  of  pipe. 
In  a  10-ln.  pipe  equivalent  to  2.630  ft.  of  pipe. 
In  a  12-in.  pipe  equivalent  to  3.310  ft.  of  pipe. 

These  results  appeared  to  the  author  so  in- 
explJcal)le  thnt  he  determined  to  avail  himself 
of  the  earliest  opportunity  of  finding  out  from 
actual  «cperittent  what  the  losses  In  a  plain 
receiver  (of  the  type  common  on  the  Rand) 
would  be. 

A  few  experiments  were,  tbereforet  eoik* 

ducted  at  the  Robinson  Deep  O.  H.  Oo.  on  the 
night  of  December  3-4,  1907. 

The  estimated  resistances  for  the  abom  re- 
ceiver, according  to  the  author's  data  as  given 

in  tbe  paper,  would  be: 


Entrance  to  Receiver. 


.  k 

.  k 

=  0.J 

,  k 

«  1.0 

3.> 

Observed  average,  3.41.  ' 

Ebdt  from  Receiver. 

Entrance  to  Pipe   k  «■  1,5 

2  elbows  r/d  =  0.8  Q  .48   k  »  0.96 

8  ft.  of  7-in.  Pipe  8/186.8   »  0.22 


2.68 

Observed  average,  2.32. 

These  results  agree  so  closely  that  tbitj  ln< 

s'pire  some  measure  of  confidence  in  the  co-ef- 
tu'ieuts  given  in  Tables  11.  and  III.,  and  in  tbe 
method  of  treatment  of  resistance  due  to  pipe 
fittings  as  adopted  In  this  paper. 

The  above  results  are  fairly  concordant  con- 
sidering the  dlfflcolty  of  reading  small  dl8er> 
ences  of  pres^inre  where  the  mercury  in  the 
manometer  responds  to  the  pulsations  of  the 
air  as  delivered  by  the  oompressfws. 

It  seems  evfd<Mif  fron»  the  above  that  thn 
resistance  measured  by  Riedler  Included  more 
than  the  losses  due  to  a  simple  receiver. 
TEES. 

As  most  tees  and  crosses  have  fairly  sharp 
corners,  the  resistance  may  generally  be  taken 
ns  equivalent  to  an  elbow  of  radius  verjT 
slightly  larger  than  the  diameter  of  the  pipe. 
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BENDS. 

The  reaearcht's  of  Weisbach  on  the  eff«ct  of 
bends  give  thv  foUowiug  results: 

TABLE  II. — Flow  of  Air  In  Pipes, — Resistance 
ot  VariottB  Flttlnga.* 
(Unit  of  R«8]stance  ^  Velocity  Head.) 
Nature  Coefflcieot 

ot  ot 
Resistance.  Resistance. 

Receiver   2.S 

Entrance  head   ,,  t  1.$ 

Sharp  elbow  ...................  2iO 

Round  elbow   1.0 

Eaay  bend   0.2 

Tee  or  cross   2.0 

Qlobe  valve   4.0 

▲ogle  ratve   2.6 

Gate  valve   0.2 

Cock    0.6 


•To  obtain  laagtb  of  pip*  giving  rMiatuoe  oqiilvalait  tl 
fltUog  B8  above,  muitlpijr  tutor  eomapoBdlng  u  sbovc 

*jr  equivalent  lenirth— Col.  4,  Table  I. 

E.  0.:  Sbarp  elbow,  8-in.  pipe — 2.0  x  42.6  = 
86.2  fL  la  equlTalent  reoiatanee  ImsUl 

TABLB  III.— Realetaaoa  of  90*  Benda  In 

Terms  of  Voloclty  Head. 


Resistance, 

Resistance, 

r/d. 

ooeffldent. 

r/d. 

ooettelent. 

5 

0.13   • 

1.1 

.20 

4 

0.135  .... 

1.0 

3 

.0 

.30  ' 

2 

.15  .... 

.8 

.48 

1.& 

.17   

.7 

.68 

1.4 

*1 S       ■  •  ■ « 

.0 

1.08 

1.3 

■  Id                 t  •  •  • 

.66 

1.41 

1.2 

«22               I  »  e  • 

.5 

1.98 

(r  »  radtaa  ot  bend;  d  s  dtameter  of  i^pa.) 

VALVES  AND  COCKS. 
These  are  generally  of  such  varying  typea 

that  it  is  most  dlfflcatt  to  give  a  value  to  their 
probable  resistance. 
A  globe  valve  full  open  baa  about  the  re- 

Slstaneo  of  two  sharp  bends. 

The  resistance  of  a  gate  valae  and  cock  full 
open  are  theoretically  nil,  bat  the  gate  valve 
rertaliily  must  Interfere  with  the  How  to  some 
extent,  and  in  a  cock  there  is  generally  con- 
Blderable  eontractlon  ot  area  and  rongh  and 

The  coethclents  ot  resistance  as  given  in 
Table  IT.  will  probably  give  a  loas  ot  prearare 
somewhat  In  excess  of  the  actual,  but  in  de- 
signing a  system  of  air  power  lines,  especially 
for  a  rook  drtU  or  underground  Installation.  It 
la  beat  to  be  on  the  safe  aide,  ao  that  when  the 


work  eomes  into  operation  the  actual  under- 

ground  prepsuros  may  be  a  llille  more  favor- 
able ihau  ihe  calculated  reuulu.  Leakage 
losses  must  alwasra  oocnr  to  some  extent,  and 
it  Is  lni[)0sa;ble  to  construct  a  rational  formula 
to  allow  for  lealiages  and  carelessness.  For  the 
above  reason  alao  the  author  has  taken  the 
mean  temperature  nt  a  somewhat  high  figure, 
because  this  would  alao  tend  to  give  conserva- 
tive resulta. 

The  rf'sisfanre  dne  to  bpnd?5.  etc.,  should 
never  be  entirely  neglected  in  mailing  a  cal- 
culation, because  it  often  may  happen  that 
these  reslstanees  are  greater  than  that  of  the 
piping  itself.  Our  treatment  of  the  subject  of 
theae  reaistanoee  may  be  open  to  objections,  yet 
for  want  of  further  data  ft  seeras  the  best  way 
of  dealing  with  the  problem.  The  author 
wishea  to  emphaalse  the  above  points. 

In  order  to  make  use  of  the  formulas  and 
tables  in  their  application  to  roclc-drill  work, 
ft  is,  of  course,  necessary  to  know  what  la  the 
consumption  of  air  by  ronk  drills.  The  most 
convenient  unit  to  use  is  again  the  lbs.  weight 
ot  air  per  minute.  The  unit  uaualty  employed 
is  cubic  feet  of  free  air  per  minute,  but  tha 
conversion  to  the  weight  basis  is  simple. 
TABLE  IV. — Air  Requirements  for  a  Rock 
Drill  System. 

(One  3^4 -In.  drill  requires  7  lbs.  of  air  per 
minute  average.  For  any  other  number  ot 
drills,  multiply  No.  of  drills  by  7  and  then  by 
factor  below  to  obtain  average  Iba.  ot  air  re* 
quired  per  minute.) 

No.  of  Drills.  Factor  of  Running 

Time. 

1  —  6  1.00 

3—5  .96 

5—10  .92 

10  — 16  .90 

1$  —30  .85 

80  —J  00  .80 

Over  100  .76 

From  data  which  the  author  hag  at  his  dis- 
posal, it  may  be  assumed  that  a  fair  average 
for  the  air  consumption  of  a  modem  S^^in. 
drill  fthe  iisnal  size  met  with  on  the  Rand) 
would  be  about  7  lbs.  per  minute  of  actual  run- 
ning time.  It  the  air  consumption  runs  much 
abovr  That  It  would  be  Well  to  look  for  a  fault 
in  the  drill. 

We  must  now  consider  the  queatlon  of  the 
effeff  of  havinir  a  number  of  drills  operating 
together  and  the  effect  of  this  on  the  average 
consumption  ot  air  per  drill. 

After  looking  through  such  data  as  are  avail- 
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able,  and  taking  Into  consideration  the  factor 
Of  ninning  time,  the  author  suggests  tlie  basis 
of  the  Table  IV.,  tor  estimating  the  probable 
air  requlraiMBla. 

In  connection  with  rock  drills.  It  is  worth 
while  to  give  passing  attention  to  the  amount 
of  air  used  by  sprays  for  laying  the  dust. 

Kor  a  sprayer  havlnR  the  air  orifice  1-1 6th 
iDch  dianicter,  the  air  u&«.xl  would  be  about  ^ 
lb.  per  min.  at  50  lbs.  pressure. 

It  is  thus  seen  that,  althn'irh  nriio'int  of 
air  used  Is  appreciable,  still  ii  is  not.  large,  and 
would  Increaae  the  average  air  oonsumptlom 
per  dril!  by,  say,  about  4*^,.  Sinro,  howex'er, 
the  running  time  of  the  spray  would  be  only 
about  one^uarter  of  the  ttmo  of  tho  drUUnir 
opfratlons,  the  amonnt  of  air  used  by  the 
spray  would  represent  about  \%  increase  In  the 
atr  roqalrements  per  drill.  • 

To  obtain  the  air  constiinptlon  of  under- 
ground pumps,  winchee,  etc.,  probably  the  sim- 
pleat  method  la  to  take  the  piston  dlsplaoMMnt 
!n  cubic  feet  per  minute  at  average  speed,  and 
multiply  this  by  the  density  at  the  initial  ab- 
ootote  prewure  of  the  atr  entorlng  the  eFUndwr. 
This  would  grlve  the  pounds  of  air  per  minute 
required  by  pumps,  etc.,  without  cut-oft,  as,  for 
iBStanoe,  Id  dlreet-actlns  pumps.  In  whleh  tfio 
nir  does  displacement  work  only  without  ex- 
pansion, la  the  case  of  winches,  rotative 
pumpa,  etc..  worktnv  oil  a  cvt-oS,  the  air  eon- 
sumption  would  be  obtained  by  multiplying  the 
result  arrived  at  above  by  a  fraction  repreient- 
ins  the  average  outKifl. 

The  density  of  air  Is  gtvon  by  the  foimalar^ 

144  p/(53.22  (460.7  +  t)]  (13) 

Where  t  fa  the  temperature  In  degrees  F. 

and  p  is  tht^  nbsolute  pressure  In  lbs.  per  pq.  ia. 

Another  method  of  treating  the  subject  Is 
the  following:  Where  air  la  not  used  expan- 
sively, there  is  developed  in  the  air  cylinder  hjr 
each  lb.  of  air  per  minute 

0.872  (p./P.)  HP  (14) 

or  (or  each  indicated  HP.  In  the  air  C^Uttder 
there  ore  required 

1.15  (p./Pf )  Its.  Of  air  per  minvte. . .  (IS) 
where  p.  la  the  abaolate  presattra  in  lbs.  per 

sq.  in. 

were  p.  is  the  gage  pressure  In  lbs.  per  sq.  In. 

These  formulas  may  be  applied  for  finding 
the  probable  air  consumption  of  small  pumpa, 
etc.  If  the  air  be  used  expansively  there  will 
be  less  air  used  per  horse-povsr. 

For  ordinary  practice  we  may  take  the  fig- 
ures of  %-HP.  per  lb.  air,  or  4/3  lbs.  air  per 
I.  HP.,  and  then  make  allowanes  for  frletlon 

lUY. 


and  losses  by  doubling  the  figures  for  small 
pumps  and  winches,  to  get  the  amount  of  air 
per  useful  horse-power  In  work  done. 

It  is  not  proposed  to  go  into  the  question 
of  large  underground  aid  winders  and  rotative 
pumps,  as  such  cases  would  merit  full  treats 
ment  in  a  separate  paper. 

Having  now  Riven  the  data  and  pxplanatlons 
un  which  to  base  calculations  on  air  pipea, 
there  is  one  point  to  whldi  attsatloii  dKNild 
be  euHed. 

After  a  series  of  calculations  has  been  made 
and  the  sicss.  etc.,  satisfactorily  detennlned. 
the  velocity  of  the  air  should  be  calculated 
for  any  permanent  and  important  pipes.  This 
velocltjr  Should  not  be  too  high — ^not  to  sac* 
ceed,  say,  50  ft.  per  second. 

For  our  purposes  we  need  not  consider  the 
transmleston  of  air  for  vary  long  dlstaiUMS,  hut 
we  should  put  our  initial  maidmnm  velosltir  at 
or  under  50  ft.-  per  second. 

Transtattng  Unwln's  formula  for  the  relation 
of  Initial  velocity  to  terminal  pressure  Into  the 
units  used  In  this  paper,  we  have  the  follow- 
ing: 

U  -»  V{<K  R  T  d/12  Z  L)  X  (Pj» — Pj«)/P,*](16) 

The  initial  velocity  is,  of  course,  also  given 
by  the  formula — 

u  =  Vp,„/p,  =  V(p      P  )/2p,  (17) 

Where  p.  is  meat)  pressure. 

If  the  mean  veloeltr  of  flow  In  a  pips  system 

which  is  being  desiKned  fall  out  high,  It  would 
be  advisable  to  work  out  the  initial  Telocity  by 
either  of  tbe  above  formula*,  and  if  tbs  ra- 
suit  be  higher  than  60  ft  per  seeoBd,  to  maka 
the  pipes  larger. 

The  necessity  of  keeping  down  the  TSloelty 
of  flow  80  that  it  may  not  be  excessive  may  be 
expressed  conveniently  In  the  rough  rule  beiow. 
applicable  In  the  design  of  pipe  systems  for 
Initial  pressurcH  of  SO  —  .".0  lbs.  per  sq.  in.  gage. 

For  pipes  of  various  diameters  the  loss  of 
pressure  per  1,000  ft  length  shouht  not  saosed 
the  values  given  below: 

Size  of  pipe.  Loss  of  pressure. 

18     ins,  —  14  ins   1     lb.  sq.  in. 

12  — 10   IH  "    •*  « 

9       '*  2      *'    "  " 

8  2^  "    "  " 


7     "  —  6  ins. 

5   

4%  "   

4  "   

*•   

3  "   

2V4    "  - 

Smaller  . . . 


Ins. 


.  4 
.  6 
.  < 
.  7 
.  8 
.10 
.16 
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Tli«  tlimntkMl  horse-powMF  taat  In  firlotioD 
at  «lr  In  pipes  If 

HP.       0.S72  W  <p/p,J  (18) 

where  pr  is  the  pressure  (lbs.  per  sq.  in.)  loaa. 

Pm  Is  absolute  mean  pressure  of  air  In 
pipe. 

is  lbs.  air  per  minute. 
It  wili  tliua  be  seen  that  tbe  power  lost  for 


a  certain  loss  of  pressure  IncreaseB  rapidly  as 
the  absolute  mean  prearafe  of  the  air  de- 
creases; the  higher  the  pressure,  tlio  less  the 
loss.  This  point  was  proven  in  practice  on  the 
Popp  air  power  system.  For  eoonomioal  trans- 
mission of  air  power  high  prpspiireR  rhmiH, 
therefore,  be  maintained.  Air  power  transmis- 
sion Is  thm  MMUofont  to  electric  power  tmne- 
mlaelos. 


BIBUOGRAPHY  OF  BOOKS  AND  ARTICLES 

ON  HEATING.  UGHTINa  AND  POWER  DEVELOPMENT  BY  MEANS  OF 

DENATURED  ALCOHOL 

Compiled  by  S.  M.  WOODWARD* 


In  tills  hibllography  only  those  references 
are  given  which  it  thought  may  be  of  value  to 
Investigators.  The  list  given  might  be  greatly 
extendo  l  ^v  referring  Lo  less  important  articles. 
.Heating  and  lighting  apparatus  have  been  iu- 
doded  with  alcohol  engines  because  in  most 
forel^  expositions  and  publications  ttiey  have 
been  treated  together.  Most  of  the  references 
have  been  personally  examined,  but  some  are 
includcfl  which  have  been  obtained  from  engi- 
neering indexes  and  from  other  sources.  Lack 
Of  time  available  tor  Its  composition  baa  pre- 
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pUaDce«.  An  abstract  of  this  paper  was  prlDt<4  in  tbe 
Joorasl  ot  Ou  Uchtli 


,  ^_   vrt.  «i.  No.  aoro, 

Att.  IS.  IWtt,  P9.  4  flca»  2jW  w. 

Bellet,  Daniel. 
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Alcohol  as  a  Motive  Power.  Scientific 
American  Supplement.  .New  York,  Vol.  56, 
No.  1457,  Dec.  6,  1903,  pp.  23342-23343, 
2000  w. 

A  tranelatton  of  n  portion  of  an  article  In  tli* 
Revue  de  riiiiiiio  lu(lu«triclle,  Tom«  13.  No.  150.  June, 
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Use  of  Carburated  Alcohol  in  a  Brilll4 
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on   nk-uliol  cuitipi<r('d  Wltlk  tlM  POWW  aoVilopoS  WhOB 

ruDUlug  ou  ga.nilllif. 

Chavoau. 

An  Economic  Study  of  the  Comparative 
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Power.  (£tade  Comparative  et  Economiqua 
de  I'Aleool  et  dee  IHTersea  Bourees  d'Hnar- 

gle.)   Comptes  Rendus  du  Congrte  dO  TAl- 

cool,  Paris,  1903,  pp.  28-37,  4000  W. 

Difcusties  the  caloriOc  power  o(  diBerent  bydro- 
carlwn  alcohol  tnlxtures,  and  the  llgbt,  beat  and 
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A  (!::.'  ';  ■  ■  MI  nf  te»r.<»  of  alcohol  caglues  leading  to 
(r  iM  lir  (111  that  nlcohol  is  able  to  glTo  a  blgber 
tiM'rni:ii   r{Ti,'U--r.<-v   thnn  other  Uqoid  tuola  bocanae 
i>i.-[<r['.>  ('  of  vnu  v  nj.iiatain  a  «ooin-  «ydo  tbsa 

wriuld   citlicrwU*-'  ub'.iln. 

Coii|<iin.  G. 

The  Vienna  International  Alcohol  Bzpoai- 
tfon.   (L'BzpoBltlon  Intemattoaale  dee  Al- 
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eoote  et  d«s  foduttrfes  de  Fena«ittatton  ft 

Vlenne.  Le  O^nle  Civil.  Paris,  Tome  I',  Xo, 
17,  Aug.  27.  1904,  pp.  275-278.  fi  Konoral 
views  of  exposition,  .'.(hhi  \v. 

Thin  iicrount  df'<crlbt!<  the  cxiiotiinon  held  at 
Vienna  iu  lUHI.  tlieludliiK  tlic  triul^  of  BUlomoblltF^ 
usIciK  alcohol  an  fuol.  nod  also  rebear»«s  iho  klsUir)' 
of  Rimtlar  pRorls  Jo  PniBCe. 

CoUiiui,  K.  F. 

Alcohol    for    Automobiles.  Automobile 

Masaslne,  New  York.  Vol.  4,  No  4,  April, 

1»02,  pp.  3S6-S38.  1200  w. 

A  difciiwloa  of  tb«  bmdway  nmds  In  Frmce  ud 
Ocrmanr  in  tlM  1IM  «l  AlOOlWl  M  «  VUA  tOt  tUVtOt 

vehlclca. 

Coupiui,  G. 

("oiiiiK'iition  and  Kxliitiition  of  Alcohol 
Motors  and  Aiiparat us:  Motors,  Automobiles 
and  Boats.  (Concours  et  Exposition  de  Mo» 
teurs  et  Appareils  Utllisant  I'Alcool  D6na- 
tur£:  Moteurs.  Automobiles  et  Bateaux.)  Le 
G^Die  Civil,  ParlB,  Tome  41,  No.  8,  June  21, 
1902,  pp.  llT-123,  S  tables,  2  half-tone  ven- 
eral  views.  5000  w. 

UoM-riptlon  of  the  moton>,  »utomoblles.  and  b««la 
vslac  alcobol  In  the  comptiuinn  held  u  Parts.  May. 
IflOS,  A  detailed  ar«-ount  oi  •Aiti  methods  of  MttdUCt* 
II  I.-  thL>  te«u  and  Uie  tabulaiod  nsaulta. 

Ooupan,  G. 

Exposition  of  Motors  and  Apparatus  for 
Uaing  Denatured  Alcohol.  (Conooura  et  Bz- 
poaltlon  de  Motauta  at  Apparafla  TJtHteant 

TAlcool  D^naturd.)  Le  Gfinle  Civil,  Paris, 
Tome  40,  No.  5.  Nov.  .^O.  1901.  pp.  69-73.  4 

half-tonf>  KiMU-ral  viewa,  ?,  tables,  2r,00  W. 

An  account  of  the  history.  orsaaUation  and  ezecu- 
tlM  at  tfea  irnu  at  siatinannr  aiolon  and  anMBoMtai 
at  the  Part*  eomaMOam  of  NoTCBlier.  UOL  Tha  tart 

resuitm  r.htainf.1  by  fta  priw  «lna«n  KlT«a. 

Oovert,  John  C. 

Tba  Pari*  BahlUtlon  of  AlootHil<CoiiainD> 
lag  Apparatua.  U.  S.  Conaular  Reports.  Ad* 
vanoe  Sheets.  No.  1161.  Oct.  14,  1901,  4 

pages,  1  0  00  w. 

Announc(<8  the  exhibltloo  In  Pari*  of  Invratlona 
for  tka  oaa  of  aleobol  for  UtaBlnatiag  and  haatlas 
puriMMa.  aod  ffim  oolsa  fraa  a  VmdA  cewamaat 

Tnvnrt   upon  this  Stttijeet. 

Crec,  Joseph  O. 

Exhibition  of  Alcohol  Appliances  at  Lima. 
[Feb.  28-Mar.  31,  1803.1  U,  S.  Monthly  Coa- 
Btilar  Reports,  Washington.  Vol.  72.  No.  274, 

July,  1903,  pp.  341-343,  600  w. 

A  brief  d^scHpUon  of  tttu  es^biblu  at  ibe  Lima 
Exposltioa.  «»«a«d  Pab,  28.  1803. 

D.  F. 

Th«>  T*se  of  Alcohol  in  Motors  for  Avito- 
mol'  1<  :  ( L'Emploi  de  I'Alcool  dans  los  .Mo- 
teurs il  Automobiles. )  L«  G^sie  Civil,  Paris, 
Tome  3r»,  Nn.  9.  J  una  29,  1901,  pp.  140-143, 

6  tables,  2.'00  w. 

A  l.ihiil.Tto'J  fi-vlrw  of  Ihc  fiprfnrrosncr  of  30  diffor- 
fnt  k1-'1  i  '  v.hiilr^  UFiiig  nirohol  in  Internal  cnni- 
bus".  II  I  I"*  ,\  (k'scripliotj  of  thf  rn;id  trials  with 
alrobol  i^>.M  in  Fraocii  up  to  tbnt  time,  iocludlnx  a 
BitiKle  l'"^t  ovi-r  i;W  kllonx  tcr.H  In  I'^l'fl.  a  summary  of 
the  rcMUlM  of  Die  frlnl  Onobpr  LN,  io<lo.  Taria  nnd 
Itoiien.  In  which  39  Tc-lik Irs  flnlshid  th?  oi^  i-tr-  rf 
1-7  kilomcUrs  nnd  the  i  onte^t  of  April  7  m  l  ^ 
1U<.<1,  PartN  and  RoulMilx,  '^JU  kilometers,  in  wMrh  40 
coBt«aUBla  c«iDplat«d  um  trial.  All  tin  rwulu  of 
tba  tatter  cooicet  are  iiv«a  In  tabular  f»nD. 

KAT, 


Dawson,  Chnrles  E. 

The  Alcohol  Motor.  The  Gas  Kneiiif,  Cin- 
f  innati.  Vol.  8,  No.  8,  Aug.,  1906.  pp.  236- 
237,  1000  w. 

Glv(-<  thf  r!«'t!«l!y.  boJIInK  poln«  nr^l  :.ii.iit  hcHt 
of  vaporlziii  .  11  r  dlffffrpnl  proj  ort  ion  ui  nlt-iihol 
nnd  wn(<T  i.inl  ili  russca  ibo  bent  compression  to  b» 
usK-i\  in  iii<  "iini  niritora. 

Denajrronie,  Lonlit. 

Progreas  In  Alcohol  Lighting.  fProKrC'S 
R^-alls^s  dans  les  Applic.ttiun.'^  Industrielles 
de  l  Alcool  Eclairage. )  Mwuioirus  (1<>  la  So- 
cial t  (h  s  Ing4nleurs  CIvIls  de  Franco.  I'aria, 
Antue.  1902.  2.  Vol..  No.  12,  Dec.  1901,  pp. 
971-975,  1500  w. 

A  rfvlew  of  tlio  great  advanrf!  ninjo  In  alcohol 
liKhllijg  III  Fninif  In  the  precwllng  three  yciirs.  Tbo 
report  is  also  discuswd  on  prngm  UTt  aad 

Dviuiproaae,  Louis. 

Illumination  by  Alcohol.  ( T.'Etlalrage  par 
rAlcool.j  M6moire8  de  la  Soileti^  des  In- 
gdnleurs  Clvils  de  France,  Paris,  Ann^e 
1899.  1.  Vol.,  No.  6,  June,  1899,  pp.  1015- 
I02.*i,  2600  w.  with  diaeusaion  on  pp.  930-^ 
936. 

A  paper  before  tbe  sorlety.  dr.>x'riblMK  the  COB- 
■iruclion  of  carburatod  alcohol  lampa  tor  ua«  ia  COD- 
mctton  wltb  IncandwoMt  naittlaa. 

I>hoiiHii(V. 

Carbureters  for  Alcohol  Motors.  (Carbur- 
ateurs  pour  Moteurs  &  Alcool. )  La  Revue 
Technique.  Paris,  Tome  26,  No.  15,  Aug.  10. 
1904,  pp.  816-817,  6  flga.  1800  w. 

9ix  different  kinds  of  German  alCObol  carbuMtSl* 
are  illuslrattd  In  such  manner  as  to  sbow  tboir  in- 
terior consirucUoo  and  oporation. 

Diederichs,  H. 

Sonic  .Voles  on  Gas  lCn>;iiie8.  Part  V.,  Alco- 
hol as  a  Fuel,  Sibley  Journal  of  Engineering, 
Ithaca,  N.  Y..  Vol.  18.  No.  8,  May.  1904,  pp. 
340-347;  also  pp.  53-60  of  the  reprint  of  this 
artlela,  publlahed  under  tiu:  same  title  with 
aaparate  pactnation.  3000  w. 

Diseuuoi  uaa  of  aleobol  ni|ln<o  la  Oafmauy;  civeo 

c.nrt    nnd    cffldmCV   Ot  alCObol  OODIHMNBd  Wltb  OtbOT 

iiiiui<i  ruei«,  and  tbetr  nlatlTn  ndrnatafca  and  dia- 

advaatagco. 

mederielis,  R. 

The  Use  of  Alcohol  as  a  Fuel  for  Gas  En- 
gines. InternationnI  Marine  Engineering, 
New  York,  Vol.  11.  Xn.  7.  July,  1906;  VP. 

264-270,  11  figs.    5000  w. 

This  nriti'lo  ircat.s  of  the  fuel  value  and  physical 
pro|K-r'lrs  of  aliohol.  the  details  of  the  «I  ohni  erijflnfy 
wher<ver  they  differ  from  tb©  Kiisollne  i>r  .  rude  oil 
enKi'ies.  the  cffU  Icncy  and  cost  of  the  dlHurtul  liijulU 
fui'ls  nnd  the  results  ot  tbe  Germao  tests  ot  alcohol 

ctiK'lif^. 

K>'|irinted.    with    gl*^>i?    omissions,    la  Scienttllc 

.\iM?rl«  iin  .SuppU'tucnI.   Ni  .v   YoA,  Vfll,  6S,  NO.  1096L 
Aug.  4.  IJlOU.  pp.  2j.5C.S-25,571, 

Roprtntcd  la  abstract  la  MaeUiierr,  Now  Tmk, 
Au*.,  1006,  pp.  044<«<t. 

]|leadonn^>,  Emlle. 

Alcohol  and  Gasoline    for  Atitnmobllea. 

(L'Alcool.  l  Essence  de  PCtrole  et  I'AutomO- 

blllsm.)    La  Revue  Technique.  Paris,  Ton* 

22,  No.  8,  April  2S,  1901.  pp.  172-174.  2S0a 

w. 

A  «llBcu8»ioQ  ot  (be  relative  calorific  pow«rs  of 
tbo  varloHe  UaaW  tnolo  with  retard  to  thdr  aaa  to 
tho  InUfsat  oombnatleii  meton  «r  antanoMles, 
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€93,  8  flfS,  iSOO  w. 

A  deacriptioD  On  ideiiliol  Biigln(>!>  tried  in 
France.  Tlie  >rUcl«  !•  Mafd  qhltly  upuu  Klugcl- 
mann'g  Paris  tCSU. 
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chanical Ennineer,  London,  Vol.  17.  No.  440. 
Jviiit"  ..11,  1906.  pp.  914-918,  10  tigs.  4.".l)U  w. 

\  .1  111  Thp  Hor.seleH8  Aite,  New  York.  Vol.  17,  N«. 
IS.  JUUF  li.  ILiM.  (MRtts,  87:!-)iiti.  11(8.  lU. 

An  alMMnet  t»ntl«llaa  at  n  pspcr  read  bafore  tbe 
CMnsui  AatORioblto  TaclmlCHl  AavoototlgB  reportinc 
iBTCtlliiUont  RSd  miilta  bIiqwIrb  ■Hcht  prospsctB 
ot  ilcobol  smii|il«ntliiK  snoltn*. 

Ft^ummnm,  Karl. 

Spirit  Motors.  (Les  Moteurs  k  Alcool.)  Die 
SplrltuB    Motoren.     BrginzangB-Heft  zutn 

Kafalog  der  AiisstellunK  fur  Ganingsgewerbe 
zu  Berlin.  May  29-June  7.  1903.  Berlin,  P. 
Parey.  1903. 

Bngliyh  vei-«lon  Il.'i-ia*.  French  venilon.  pp. 
.'•7  *l.'>  n<  Prrncb-EiiKlish  cdiilon.  QonittD  venloo  pp. 
."-<>(  o(  Oerman  edlilou. 

<ierdes. 

Lighting  by  Acetylene  and  Alcohol  Incan- 
descent Lamps.  ( .N'eueres  Ueber  Acetylen 
und  Hiiii  iius-Gliihlicht  Beleuchtung. )  Glas- 
er'8  Annalen  f(lr  Gewerbe  uud  Baaweeen, 
Berlin.  Bd.  42,  No.  4»S.  Feb.  16,  1898,  pp. 
61-64.  3000  w. 

A  pni>er  b-.fort;  the  Vcrein  D«iltacb*F  MaaelilBMi- 
inRcnir-iirc.  comparlDs  th*  tight  pbuipeii  fram  aeatr- 
lene  w!(ii  that  from  alMtaol  Intandaaeeat  iampa,  wltli 

tiifiu  lUitjMn. — Tr«-«>«uiy: — Industrial  .Alcohol 
('iininiltifi>. 

Minutes  of   Evilonce  Taken   Before  the 
.  Dejiartniental  Committee  on  Industrial  Alco- 
hol, with  Appendices.  Presented   to  Botb 
Houses  of  Psrllstnent.  London:  W^man  it 

Sons.  190.'.  28  4  pages. 

A  (i«iupt'U-  rtjiorl  uf  llu'  exioiiKivr  ln-nritiK"  ht-M 
bjr  tb«  committee.  Moat  ot  tba  i^vlrlotx-o  taken  reJstes 
to  varidUB  rbeulcal  tnduirtrleB,  and  very  little  of  it  re- 
fers to  tho  conHumptlon  of  atrohol  by  burniOK.  Ap- 
peiKlircs  give  Ihr  ri'KuIwt Iohm  relittltiK  lu  vpirlc 

and  tilt  lejtiilnioiiii  couctruiug  (liv  of  iuduKtrial 
aloobo)  111  tiip  I'nlted  Klasdoin.  GoriPaBr.  Fraoce. 
Swlttertand.  AuKiro-Humtary,  Ruaala,  Hotlaod,  United 

RtilCN  an:!  ISe'RUim, 

CIreat  Britain. — ^Treiuinry:— 'Inditstrlal  Alcohol 
Comrolttiee. 

Report  of  the  Departmenl.il  Cointiilttee  oi 
Industrial  Alcohol.  Presented  to  Botli  iiouses 
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190ri,  27  pagea. 

G'.ve-'  the  ( oncluhtotn  found  as  to  ix's'Iiik  <-ijti<!i- 
llona  and  rt^ioDtiurndatiuus  an  to  needed  clianxe«  in 
tha  law  roiatinc  to  iBdvMrlai  akokol.  It  a]«o  con- 
tdinii  fl  Terr  complete  report  of  a  rali-cokiaitttce  on 

(•jp  c'r,j5,,|on  in  nprnmny, 

Grinisliavv,  HotM-rt. 

Alcohol  for  Industrial  Purposes.  Maehtn- 

ery.  New  York.  May.  1903.  3  figs.  2000  w 

DiBiTlbe-*  exbibl'a  at  expueition  of  of  iilroUul 

niotora.  beating  and  lighting  apporatua.  Diacuaaaa  wide 
ttm  of  aueh  apparalBa  la  QannaBy  and  daaeribea  and 


lllualnitea  by  three  sectlona  tbe  Briliid  motAr  sat 
carbureter.  Quote«  tbe  leala  of  E.  Meyer  oa  tbmm 
Marlenfeld  motora. 

Gu^rin.  II. 

Lighting  and  Heating  Apparatus  At  the 

Exposition  of  .Motors   and    Applianoes  for 

Using  Denatured  Alcohol.  (Concours  et  Bx- 
poaition  de  MoiHurs  el  Aiiparcils  Utillsant 
I'Alcool  D^tiatntW. :  Kolairapo  et  Chauftage. ) 
Serial  in  L."  OCnie  Civil.  Paris,  Tome  40. 
First  article.  No.  6,  Dec.  7,  1901,  pp.  88-92, 
<<  nKutL-8  uf  lamps,  1  table  ot  calorllle  pow- 
ers.   4  (  M  M  I  vv. 

Ul  I  .llfferen*  methods  of  denaturing,  chem- 

U-n!  .Mill  ;ili\-ii  III  properties  of  a!r(-ihr.l«  nth^r 
ll'.iiir.l  11.1  llt^,  iin  J  .Ir^i  ribiK  and  iKu- tniti ami  Kivfs 
ofTlflenoies  ul  Uinirmi  types  of  lamp;,  txtiibilcil  at 
Par'a  alcohol  cxhibiton  of  Not.  loni. 

Condudlng  artiric,  No.  T.  Dec.  14,  1001,  pp  104-10(1, 
11  flgurea  of  beating  apparatua,  2000  w.  Deacrtbea 
the  vanoua  lypM  Of  aiBOliol  hoBlisg  apparatba  ex- 
btbUed. 

Gu«rto,  H. 

The  Inlprnatlonal  Competition  of  Alcohol 
•Motors  and  Apparatus:  Lighting  and  Heat- 
ing Apparatus.  (CoiKours  Intf niational  des 
Moteurs  et  Appareils  L'tlligant  i'Alrool  D6- 
naturfe;  Eclairage  et  Chauffage. )  Lc  (;4nie 
Civil.  Paris,  Tome  41,  No.  7,  June  14,  1902, 
pp.  103-108, 10  ags.  2400  w. 

An  lilvatratad  daocrlptiOB  of  aleobol  lampi  and 
hMtors  exblblied  at  tbe  Parla  oxpoaltbMi  ot  May,  190S. 

Oiildncr.  Hiiffo,  and  Lnrdecke. 

Aleoliol  for  IlnnniiifT  Rngines  fSplrltus 
zum  Beti  leliH  von  Motori'ii.  >  Zoksrhrift  des 
Verelnes  der  Deut&cher  Ingcnieure,  Bd.  46, 
No.  11.  March  15.  1902,  pp.  408-404.  700  W. 

A  (Jl.-'ru.'iHlon  of  the  cost  of  runtttnir  engines  on 
nlrnhoi  fu'i.  The  fuel  ronKutnpliO!;  r.-i:li  ■  of  the 
Frtnch  t-Mts  of  Nov.  IfMIl  arc  quoted  In  labulnr  form. 

AI»o  In  No.  17.  April  'Jtl.  I'.HC'.  pp.  (!-.';{-fl24.  20*JO 
w.  A  dlscti^.Hloti  ot  fuel  ronhumption.  rfflcioncy  and 
fuel  toH-  of  nl -ohol  a.-i  compared  with  cither  liquid 
fuels.  The  disru'^.tjoii  Ih  in  the  form  of  letters  from 
Gtlidoer  itnd  from  Luedcetie  to  tbe  editor  of  tbe 
Zallaebrift. 

HacnHHgen,  ONwahT  TI. 

The  Alcohol  .Motor.  The  Gas  Engine,  Cin- 
cinnati, Serial  [Part  I.  Vol.  4,  No.  9.  Sept. 
1902,  pp.  27r.-278,  120u  w.  Part  11.,  No.  10, 
Oct.  1902.  pp  :i)T  :n0.  ICOO  w.  Part  III.,  No. 
11.  Nov.  1902.  iip.  340-349.  7  flgs,  2500  w. 

Ii:ni;ii»is  the  e;otn>mlc  factors  affeithig  the  devel- 
onim-K!  of  ih"  Hse  of  alcohol  enptlneii  in  Kiiropo, 
<  i  1  ill  I  <  tt.-^'  diffcrrncci  between  iilruhol  and  Ka.>io'.lne 
cTiKinc*.  divcribts  uud  lonipares  varloun  types  of 
viiimrUers.  aod  Civaa  rmul'.H  of  test.<<  of  ulcobol  en- 

The  arllrlf.!  are  rpnubilsln  d.  with  r^ome  altoratfona, 
(n  Th"  Crs  KnKine.  Vol.  M.  No   1»    .SciH,,  pp. 
and  .No.  l«.  Ikl..  lUUli.  pp.  .S»y2-iKI0. 

Kramp.  Marias  C 

The  Status  of  Alcohol  as  a  Power  Source. 
Iron  Age.  .Mew  York.  Vol.  70.  No.  2,  July 
10.  1902.  pp.  4-6.  3300  w. 

Ills.  u"n'.i  the  triiiN  o(  akoUol  »otor«  in  Fraoce 
und  tierniiiiiy. 

Kramp,'  Marios  C. 

Scientific  Tests  of  Alcohol  Motors.  Iron 

.^e:e.  New  York,  Vol.  70,  NO.  4.  July  24, 

1902.  pp.  4-6,  3300  w. 

A  dlHriisiion  of  (he  I'.^C'  lesta  In  France.  Including 
the  iie-isHity  of  guardkiiK  BgalnM  rorroaton.  and 
tro'xtlaR  of  Ibo  defictlve  loiobuatioQ  of  all  espIoaloB 
motom. 
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Xrarup,  Marius  C. 

Carbureted  Alcohol  versus  Pure  Gasoline 
in  Automobiles.  Iron  Age,  New  York,  Vol. 
70,  No.  9.  Auc.  28,  1902.  pp.  18-19,  8  tablet. 
3000  w. 

A  eomparlMB  Mwwb  iMHtts  oMfttned  w«h  Wf 
bmvtsd  alcobol  In  Pnuot.  «a4  vftti  taMllM  to  th« 

United  States. 

Kranip,  MaritM  G. 

Tax-free  Alcohol  for  iDdustrial  Purposes. 

American  Machinist,  New  York.  Vol.  87.  No 

68,  Dee.  29,  1004,  pp.  1787-1741.  6000  W. 

SaBOHWlfW  iHrerioua  artlclM  tar  tbe  asthor  in 
til*  Mine  ▼4^tt]B«.  and  dlaeniMa  th*  probabU  da- 

Telopment  of  the  use  of  denatured  alcohol  In  Amorlc.i 
in  view  of  lis  ntuces  for  Itulu^tiial  purposi^B.  of  tl;e 
coat  of  production,  and  of  tbe  political  support  given 
to  Ow  iwliloD  vt  tntmml  ravaaw  lawa. 

Krarnp,  Marias  C. 

Alcohol  for  Motors.  Aiuerlcau  Machlnlet, 
New  York.  Serial  [Part]  I..  Vol.  27,  No.  41, 
Oct.  13.  1904,  pp.  1362-1364.  2500  w. 

This  article  discutHfS  !ho  causes  that  le<l  to  tho 
uaa  of  alcobol  in  Europe,  Ita  merits  as,  a  fuel  and  its 
tmportanca  to  engine  builders. 

Part  II..  No.  42.  Oct.  20.  1904.  pp.  1401.110.3.  1 
taUa,  8000  w.  Qlvcs  a  liat  of  sources  of  information 
111  ncard  to  the  technical  status  of  alcobol  for  motor 
use.  dlfferont  klnda  of  alcobol  used  for  various  pur- 
poses In  diSvrmt  oouatriM,  aaA  tbdr  raUtSvo  oalorUo 
values. 

Part  III..  No.  43.  Oct  ZT.  1804^  pro.  1^1430.  3 
table*,  9000  w.  Comparo*  alcohol  with  gaaollne  aa 
source  of  motive  pow«r  frOCB  pOlat  0(  TlOW  ot  «S1- 

ciciicy  luia  crouumy.  and  ghm  nralti  of  toito  audo 
with  dlHeraut  eugln«a» 

Part  IV..  No.  dft.  Not.  Sft  UMM.  pp.  1404-1406.  S 
flgs..  300O  «.    OOBtlBaw  ttMMalon  begun  In  Part 
III.,  irltb  eominonta  on  niograio  aiado  in  developmant 
'      -   tSd  for  tbo   


oopadallir  fltii 


of  alcohoL 


9t 

I«plae. 

Kosults  of  Tests  of  Alcohol  Motors  in  Ger- 
many. Scientific  American  Supplement,  New 
York,  Vol.  55,  No  1425,  pp.  22840-22841, 
Aprtl  86.  1008,  8000  W. 

A  troailatiOB  fram  tho  BuUotla  do  rAaaodotloa 
dis  Aactau  IMtos  do  I'Boolo  Snpdfloar  do  BtuMrto 
do  LooTKla. 

Xdiidet.  li. 

Report  on  the  LlghtlnK  and  Heating  Ap- 
paratus Entered  in  tho  Alcohol  Conipetillon 
of  Ocrnlier  and  Novt'tiibtT  al  Taris.! 'jn  i .  ( Con- 
cours  GAiiL'ral  dp  Moteurs  et  Apifuretla  Utlll- 
saut  l'Al<<)ol  Di'tiaturf.  Rapport  «lu  Jury  de 
la  Deuxitnne  Section.  Appareils  d'Eclalrage 
et  de  Chauffage.)  Annates  du  Mlnlstdre  de 
TAcriculture,  Paris,  21  annte.  No.  1.  April, 
1902.  pp.  137-108.  18  flfs,  5  Ublea,  6000  w. 

Tbia  Is  the  official  report  of  tbo  WtwaA  compell- 
thni  of  IlKkl,  describing  and  tllastratlBg  tbe  appara- 
tun,  and  iriving  the  results  of  the  meaBurements  of 
HKhting  T'O^'^r.  consumption,  etc.  Tor  report  of  the 
first  section,  motora  and  automobiles.  sceRla(gel- 
maBB,  ItaKlBallloBi  tor  report  oC  tbo  coBBlttoo  oa 
liquid  fuels.  ««•  Soref,  Braoot. 

Lindet.  Ti. 

Lighting  and  Hunting  with  Alcohol  at  the 
Paris  Competition,  190].  (L'Eclairago  et  le 
ChaufTago  par  I'Alrool  au  Concoura  de  1901.) 
Bulletin  de  la  Socl^tC  d 'Encouragement,  pour 
rindustrle  Natlonale,  101  Ann4e.  Tome  102, 
Feb.,  1008.  pp.  148-177.  18  flgs,  8000  w. 

A  eomprohenslTo  llloatTOtod  paper  deoerlUnc  and 
Ittuatntlas  tbo  dlffermt  Iftmo  oC  HsbUnc  and  heat* 
las  opiMratvs  tooted,  and  flvliic  the  ooarauptloa 


Tbia  article  la  alao  printed  under  tbe  same  titio 

In  condensed  form  In  Revue  O^nfirala  dee  Sciences. 
Paris,  13  Ann«e,  So.  6  March  SO,  1902,  pp.  2S4-290. 
5  tables.  3000  w. 

In  Le  G«nie  Civil.  Paris.  Tome  40.  No.  21,  Marcb 
22.  IMS,  jgB.  SBO-m,  la  j^roB  a  raooial  «C  this  tae- 


tuio  la  1( 


w.  and  4  tab 


liindeC,  Ii. 

Lighting  and  Heating  with  Alcohol  at  flM 
International  Paris  Competition  of  1902. 
(L'Erlairage  et  le  Chauffage  par  I'Alcool  au 
Concours  International  de  1902.)  Bulletin 
de  la  Soci6t6  d'Encouragement  pour  I'lnduB 
trie  Natlonale,  Paris.  101  Annde.  Tome  108, 
Aug..  1908,  pp.  167-800.  10  Acs.  10.000  w. 

Tbis  arttdo  dioertbea  and  lllustratea  both  Ilgbtlnc 
and  beattur  appamtua,  gives  tables  and  dlagrama, 

Fhowtne  consumption  4s  alcobol  undsT  toot.  daoUaB 
t'S'<>'iiiiiy  with  lampa  provided  with  laooadooooai 
mantles  for  lighting. 

Aa  artlelo  oatlUed  "OoaMBiBattoB  dao  Anorods 
d'Kelalrage  et  de  Cbftttftaco  k  I'AIeooI,"  rablfitaed  In 
I,p  OPnip  rtvll.  ParN.  Tome  4'_'.  No.  20,  Mar.  14. 
]'M'A,  paKi!  ;)17,  S<X)  w.,  gives  a  rC'SUm<5  of  the  above 
article,  slating  the  general  conclusions  obtained.  There 
Is  also  givaa  a  dlagnuB  br  M.  Laporte.  illustrating  the 
Improvement  la  etnciener  o(  okoaol  lamps  since  1800. 

Ix>ngridge,  O.  O. 

Krrnrh  Teats  of  Alcohol  Motors.  The  Bb- 
gineer,  London,  Vol.  96.  No.  2482.  July  84, 
1908,  pp.  86-86.  8  "tablea,  1  diagram,  1600  w. 

A  table  of  the  results  of  the  tests  Is  given,  and 
conclusions  arc  Jruwn  n^•  to  thf  ailv.mt.i*;' s  of  sloir 
speed.  lonK  Ktroko  and  high  compression  on  fuel  con- 
sumption and  tbe  disadvantaso  ot  corenilng  bjp  msone 
of  throttled  admission. 

Longrldge,  C.  C. 

I'lcnr-h  Hosearch  on  Alcohol  Motors.  The 
Engineer,  Loudon.  Vol.  "95,  No>  8476,  Juno 
6,  1908.  pp.  676-677,  1700  w. 

Discusses  Sorel's  report  on  the  phenomena  of  com- 
bustion In  ntatlonary  alcobol  motors,  considering  tho 
fuel  used,  effect  ot  tbe  fuel  on  tbe  motor,  analjrseo 
of  tbe  exhaust,  OBaatltp  of  air  required  for  combua- 
tlon.  mixing  ot  oie^Ml  with  other  hydrocarbon  fuela. 
Roferaneo  to  tho  report  dlaeoaaod  la  (Itob  la  tbia 
MUfawni^  aador  mmI,  "  


LongtMce,  O.  O. 

Alcohol  Carbureters,  The  Engineer,  Lon- 
don. Vol.  9t).  No.  2487,  Aug.  28,  1903.  p. 
206.  1500  w. 

A  summary  of  French  paper  by  P6rlss£  and  de  la 
Valettc.  Classlfles  tbe  French  carbureters  accordloc 
to  the  means  used  for  aprajring  the  fuel  aod  tor  tor- 
alabinc  tbo  beat  oeceoaorp  for  vaportaotloa. 


c.  r. 

Theory  <n  the  Alcohol  Motor.  The  Bngl- 
nner,  London,  Vol.  96,  NOw  2484,  AOg;  7, 

1903.  p.  143,  2000  w. 

A  dlsoussloti  iif  the  hcueftclal  effect  to  be  expected 
from  tbe  romblna'ton  of  a  bigb  Initial  compreasloa, 
wltto  a  cool  expanaloB  dao  to  no  praoamo  ot  waloir. 


■ador  teat. 


_s,  O.  O. 

Phenomena  of  Alooliol  CombatttoB.  Th» 
Engineer.  London.  Vol.  90,  No.  8498,  Oct,  t, 

1903.  p.  324.  3  tables.  1  fig.,  1700  w. 

Describes  a  pfrips  of  cxrifrlments  bearing  upoa 
tho  I'hfnil' al  theory  that  (hi  ■!< .  ..mposltlon  of  the 
fuel  Improved  the  combustion  luid  « ff Icicncjr.  Pro- 
poses the  U!<o  of  apparatus  botweiD  the  cartafOtOP 
and  enaluo  cylinder  to  produce  di.HitoclatiOD  of  tlM 
alcobol  with  tonnatioa  ot  aldebrde  to  slve  more 
toet  comboitloB  of  tho  otaobol  tool. 
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Loedecke,  and  GfH4kMr«  B» 
See  CKUdmr,  Biig!»» 

it—fMa  Luclon  Reu6  Andr6  Edniond. 

Textbook  on 'Motors,  Automobiles,  and  the 
Industrial  Applications  of  Alcohol  to  Heat- 
ing, Itightlng,  and  Motor  Power.  (Lecons 
•ur  Iw  Moteurs  d'Automoblle«  et  les  Appli- 
cattQDs  ladustriellM  de  I'Aloool  au  Gbauf- 
fliS<e»  &  lUdalrage  et  ft  la  FtHrea  Uotttea.) 
Quarto,  570  pages,  200  taatt  fltoree.  Vvek  Oh. 
Dnnod.  Paris,  1903. 

Tl;ls  book  contain'!  a  chapter  on  thfi  i>hyBlral  and 

cbemlcal  properties  of  alcobol,  one  on  alcohol  motors 
and  carbtiretcn,  txA  M  aMWAlx  an  lifMlBC  kr 
alcohol.  The  Pr«ncti  fOSOltB  tf  ItOB  avs  InelWUil. 

Mason,  Frauk  H. 

The  Manufacture  and  Technical  Uses  of 
Alcohol  in  Germany.  U.  S.  Monthlr  Consalar 
Reports,  Washington,  Vol.  79,  No.  SCO.  May, 

1902.  pp.  78-87,  T  figs.,  2000  w. 

A  brief  'llvcuaxlon  of  ths  psposlttnn  of  nlroho!  ap- 
pnrn-ua  lielii  at  Berlin,  Kebruiiry  S-]ti.  HMiJ.  It  hi- 
cludea  a  brief  Uluatrated  description  of  boatlOR  and 
ItlhUBC  apparatiu.  and  alcohol  ookImo  and  ouuiUco 
ntattag  to  tli*  coamuptloa  oC  laAmtvial  aietthdl  In 
German  ]r. 

Mejrer,  Eagen. 

Tests  of  Portable  Alcohol  ITngines  In  1908. 

(Die  Hauptpriifuug  von  Splrltuslokomobllen 
1902.)  Arboiteu  der  DeutiM:bea  Laudwlrt* 
Bchafts-Gesellschaft,  Heft  78,  Berlin,  100S» 
pp.  55,  35  figs,  11  tables. 

Tbli  In  tbe  offlctal  report  of  the  tepta  ronducted 
On  10  different  Gorman  alcohol  engines  at  the  e*tab- 
llahment  of  tbe  German  DisUlleni'  Association.  This 
U  thp  most  tmpor'ant  wrlea  of  tests  carried  out  In 
Oorniany  on  nlcohol  engines.  The  engines  are  de- 
Bcribed  «rid  UluiitrattU  and  the  results  given  In  detail. 

The  results  of  these  teats  are  reprinted  with  addi- 
tional technical  details  and  reproductions  of  Indicator 
cards  In  Zeitschrlfr  df^  Verelnes  der  Dcutscher  Inge- 
nleure.  Bd.  47.  No  i.'..  April  11,  pp.  013-519:  No. 
17.  April  2S.  pp.  QOO-OW:  No.  IS^May  2.  pp.  S32-628: 

19.  liar  <  IMS.  m.  «a»-e^  Tbio  bd«i«  f 

■ulta  at  t«at«  aC  a  HlMtt  Betsr. 

Results  of  Tests  of  Alcohol  Lamps.  (DIo 
Ergebnisse  der  Hauptprflfung  der  Spirltus- 
lampen  Im  Prelshewerb  der  Deutschcn  Land- 
wlrtechafts-Oesrllarhaft.  >  Zeitschrift  fflr 
Spirituslndustrie.  Berlin.  2S  Jahrg.,  No,  23, 
June  8,  pp.  227-229,  and  No.  24.  June  16, 
1006,  pp.  286-286,  It  Ublei«  SOOO  W. 

This  U  the  report  of  tbe  results  of  a  competttlTO 
t«at  of  iBniii'..  !n  which  11  different  lamps  submitted 

bjr  9  illlTrrnnt  mnT(itf«i»Hir«»r»  werf  1nv(»«»lpa!ed.  The 
table  pIiow  for  lach  lamp  Ihc  canJIo  power,  the  fuel 
consumption  per  hour,  and  tbe  fuel  couaumptlon  per 
ctadlopovor  hour, 

Mullcr.  W.  A.  Th. 

Comparative  Teats  of  Benzine  and  Alcohol 
In  an  Bsploaloa  Engine.  (Vergleicbende 
Varaaolia  an  alnen  Expiosionsmotor  mlt 
Bensln  and  mlt  Sptrltnsbetrleb.)  ZeltMlhrlft 
des  Verelnes  des  Deutscher  Ingenleure,  Ber- 
lin, Bd.  47.  No.  2,  Jan.  10,  1903.  pp.  89-62, 
5  flgs.  3000  w. 

R«MiUa  of  conaumptlon  testa  on  the  same  engine 
both  ktBtf  BO  aod  akobol  at  a  wrtea  o(  dureront 

laltlil 


Keid>eiVi 

The  Alcohol  Motor.  .\utO  Motor  and 
Horseless  Vehicle  Journal,  London.  Vol.  6, 
No       (No.  65),  Feb..  1008.  pp.  194-196.  2 

tables,  1700  w. 

An  account  of  tbe  experiments  In  connection  with 
the  competUInn  for  .ttrobol  motors,  organized  bjr  tbe 
MltteleuropUlT  iicr  Mntoj wagen-Verein,  and  carried 
out  In  the  gsn  engine  laboratory  of  the  Tocbnlcal 

High  School  ot  BorUa. 

Olchmann,  \, 

Alcohol  Traction  Engines  for  Agricultural 

Operations.  A  Report  of  Tests  Made  Under 
the  DtrtTtion  of  the  Implement  Spction  of 
tho  (lorman  Apriciiltural  Society.  (Si  ii  iruHi- 
kraftwaKfn  fiir  den  latul wirt.scliaftllcheu  Be- 
trlcb.  I'riifunKs:  -  i  n  I  t  auf  VeranlaBSung 
der  Deutscht'U  LandwirtBrliaftB-Gesollschaft 
Gerftte-Abt«>lhing.  i  Arheiten  fler  Deutschen 
LandwIrtschaft-G^UacIiaft,  Heft  86.  Berlin. 
1903,  84  pp.  86  flga. 

A  dotalled  description  of  the  design,  appastWUMk 
TOO  and  operation  of  numerous  typea  of  traotlOtt  dM 
portnbli'  Qirabol  engloM  doTOlopod  lo  Qamiaay, 

Ormotidy,  W.  R. 

Alcohol  as  a  Pnal  tor  Motor  Cars.  Atttocar, 

Coventry.  Bng..  Jan.  14,  1006.  2300  w. 

An  Intonrlow  with  Dr.  fUmuata  dlaensaing  why 
aleolMl  la  not  mora  Moavalir  ■nad,  lla  adTaata^.  vtm 
woilaag  of  tbo  aleoMl  angliit,  ate. 

OnsiOfldy.  w»  R. 

Alcohol  as  a  Motive  Power.  The  Engineer, 
London,  Vol.  97,  No.  2620,  April  15,  1904, 

p.  399,  nono  w. 

An  abstract  of  a  paper  before  tbe  Automobile 
Cleli,  Mar,  Si.  IfWM.  DlBcrooes  adrutages  and  dl«> 
■dvantagva  of  alcohol,  and  reriawa  lilatorjr  o(  dev«lop< 
tnent  <n  Fr:ince  aad  OonaaBj. 

Ormondjr,  W..  R. 

Aloobol  aa  a  Fuel  for  Motors.  A  paper 
before  tlie  Weatem  Section  of  the  Seottlah 
Antomoblle  CTtib.    Automobile.  New  York, 

1200  w.  Vol.  12.  No.  21,  .Tune  IS.  p.  719; 
No.  25.  June  22.  100.'.,  pp.  74r.-747.  Re- 
printed, omltlinK  the  discussion,  in  The  Gas 
Engine,  Cincinnati,  Vol.  7,  No.  7,  July,  pp. 
21S-219;  No.  8,  Aug.  1905,  p.  260. 

Thu  nrtiric  fii'f  iif'^f*  fhf'  he«t  required  to  vaporlao 

alcohol,  tbn  ninec  of  lt<<  eTplo.'ilbllltr,  Ita  bollllg  potttt, 
and  tli<j  aUvantage  of  alcohol  aa  a  fuel. 

Omiondjr,  W.  R. 

Alcohol  as  a  Motive  Power.   Motor  Car 

Journnl.  Apr  2.  1904,  ROOO  w. 

ArgunifT. t-ii  vhn«lnc  alrotinl  tn  be  a  sulrriblo  nn'tor 

fuel,  and  In  some  respects  tbe  most  nultable  fuel,  and 
flvliig  proafB  ot  Its  ptaetlflMl  poaalUilti«flL 

Wrfas/'-.  rncfen. 

Alcohol  for  Power.  M6moire8  de  la  Soci6t6 
des  Ing^nlenrs  Civils  de  France.  Paris,  1899 
Aan^e.  2.  Vol.,  No.  6.  June,  1899,  p.  932. 
1600  w. 

A  summary  and  dl"-'"'^'^1nn  nf  a  fnprr  bofort  tlia 
society  dolalllng  the  [  rc  i n  ;  ;  ni  ulp  !n    i.inptlDg  aloo- 

hol  to  use  In  Internal  combustion  motors. 

P«'ri*»^,  Loclen. 

■\'\\o  Alcohol  Mof(.r.  .S(  lentiflc  American 
Supplement,  New  York.  Vol.  52,  No.  1366. 
Dee.  88,  1901.  p.  21,788.  800  W. 
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A  brief  diM-UBRloo  of  beK  conaumpilon  reRult*  ob- 
talnpd  in  Kuropoan  countrtea  up  to  Ibe  date  of  the 
article.  A  irarislatiou  of  au  artfcl*  entitled  "L'AlcMl 
Molpiir."  La  Nature,  ParlD,  20   ADOtob  2.  Mm.,  No. 

Hv;,  Nov   i>!   liK.i.   pi».  3Mt-387. 

I'orisst',  Luclen. 

Alcohol  Motors.  (Les  Moteurs  &  AIcooI.) 
M^moireB  et  Compte  Rendu  des  Travaux  de 
la  Socl6t6  des  iDg^nleurs  Civils  de  France, 
Paris.  Annte  1901,  2.  Vol..  No.  7.  July,  1901, 
pp.  25-95,  14  flga.,  11  tables,  15.000  w. 

An  wkavidTa  atvdr  «f  tba  eoiuMnictlon  iind  opm- 
tlon  of  Internal  commntlon  raolon  uolng  alcohol  as 

fuel,  under  the  following  headings:  Importance  of 
alcohol  as  a  national  product;  Physical  and  chemical 

gropertles  of  alcobota,  pure,  denatured,  and  car- 
untcd;  Statistics  of.  aitd  laws  and  taxes  atfeetlng 
alcohol;  Deerrlptlons  of  rarburerprn  and  motors:  Tests 
of  "(atlonnry  nirohol  motors  Find  aiitombllps.  pfflrlen- 
clcs  atid  CO.'*!.'*.  A  hisdiry  of  all  (hu  iiivrstlKations  that 
hill)  bfi-n  made  on  alcohol  motors  up  to  thai  time  Is 
given.  The  following  carbureters  are  dcicrlbed.  and 
rooFt  of  thcra  lllufttraled:  P*tr4ano.  Martha.  Le  Blon, 
Ltonguemare,  Deiahaye.  Richard,  Sorl^Kf  Marlenfrld, 
KoeriiDR.  Uion-Uouion.  Duplex,  Gobron-Rrllli4.  The 
rasttlts  of  all  testa  prsrlousiy  made  in  Germaojr  and 
France  are  sItcb  nad  eenpared. 

Carhurt'lers.  (Les  Carbiirateur.-^. )  1  2mo, 
173  pages.  1 13  Ars.  (Encyclopt'tiip  Scientlfl- 
que  des  Aide-mSmolre. )  Qauthier-ViUan, 
Paris,  1904. 

ContalBS  one  ehaplar  devoted  to  cailNueten  ault- 
aUe  for  uae  wttb  aicolMl. 

(To  b*  4 


Piriss^,  Luclen. 

A  Comparative  Tecbnical  Study  of  Den*- 
tared  Alcohols.  (Etude  TechBtque  Conraara^ 
tlves  des  Alcools  ]Mnatur#,  Vlenno,  1904.) 
M^moires  de  Is  SodCtA  dee  Ingenleun  CItIIs 

de  Fnmre.  Paris,  annee  1905.  1.  Vol.,  No.  2. 

Feb..  191),"),  pp.  2!ll-:{21.  :?  figs.,  10,000  W. 

ncsrribi'!'  Ihi;  mt'thods  of  Ii'-.tiiiK.  ^'iid  k'Vi-h  the 
rt-Nuils  obSalnt'd  at  thu  Vicuna  fX|«<j.sttloii  In  power  of 
intornal-i-ombuAtion  cnglnet*  u!)lng  denatured  alcohol 
aa  fuel,  using  alcohol  from  Prance.  Oermanjr.  Austria. 
Rnsela  and  Switserland  denatiiTCd  according  to  (lie 
yraettee  la  lb*  dUtofeat  eeoatriei. 

P#rlss<i,  li.  and  H.  de  la  Vallett*'. 

Alcohol  Carlmreters.  (Les  Carburaleura  & 
AIcooI. )  Compte  R(  ndiis  du  Congrfts  des  Ap- 
plicattoDs  de  l  Alcool  D^naturg,  Paris,  1902, 
pp.  166-177.  14  figs.  3500  w. 

A  dli«ru!!«ion  of  thf  condlllonx  to  ttf  niM  bv  succfFis- 
ful  alL'Ohol  rarhiirt-ti  IS.  and  de.'<  rlpi lotis  anti  lllu'trn- 
tions  showing  how  ihens  conditions  are  complied  witb 
In  actual  carbureters. 

P6rise6,  Kaymond. 

International  Alcobol  Bxposltfon  of  Llght- 

Ing  and  Heating  Apparatus.  Scientific  Amer- 
ican Supplement,  Vol.  No.  1399,  pp.  22- 
4  21.  Oct.  25.  1902.  4  flg-S.,  I.tOO  w. 

A  description  of  the  cxhihilii  at  the  Paris  exhibition 
of  Majr.  100*2.    A  traniilBtInn  of  an  article  entitled: 
"Com-oura    International    de    I'Alcool.   Eclalraae  ei 
ChauSaasb"  La  Nature,  Paria.  30  aaade,  2.  aent.,  Ko. 
ISaO.  Jvly  12,  IMS.  pp.  88-8B.  0  fl<s. 


INVE5nGAT10NS  ON  RADIUM 


During  the  past  year  speculation  as  to  the 

ultini.iN>  li.-iture  of  radium  and  Its  eDiiEroni^rs 
bas  coiitiuued,  but  perhaps  rather  more  lan- 
guidly than  before.  Madame  Curie,  usins  ra- 
iliiini  chloride  containing  not  morn  ih;in  0.1'^ 
of  barium  chloride,  baa  found  the  value  226.43 
for  the  atomic  weight  of  radium,  taking  107.98 

and  8ri.4."  as  the  atoniic  weight  of  silver  and 
chlorine  respectively.  The  metal  radium  itself 
Is  still  unknown.  Lord  Kelvin,  In  an  endeavor 
to  exi)lain  tlie  cauHe  of  the  radio-activity  of  ra- 
dium, leans  to  the  view  that  the  energy  re- 
quired for  the  loading  of  the  radium  atom, 
by  virtue  of  which  its  nio.st  characteristic  proi>- 
ertles  exist,  is  acquired  by  a  cooling  of  the 
atom  in  the  course  of  its  activity,  and  a  conse* 
quent  transference  of  heat  from  exti'rnal 
•ourees  to  itself.  Accepting  this,  it  would  ap- 
pear that  disappearance  of  activity  will  not 
occur  until  the  atom  has  lost  Its  power  of  ab- 
sorbing external  energy,  that  is,  until  it  is 
disintegrated.  The  amount  and  distribution  of 
radium  in  the  earth's  crust  continue  to  occupy 
physicists  and  geologists,  whose  arguments  are 
Inconclusive  because  of  their  poverty  la  ez* 
perimental  baais.   Prof.  Joly  suggests  that  the 


source  of  radium  is  external  to  the  earth,  and 

that  the  radium  is  picked  uji  by  the  gloJ)o  in 
its  passage  through  space,  and  adds,  with  can- 
dor, that  this  view  Is  arrived  at  by  a  process  of 
exclusion.  The  properties  and  fate  of  the  emana- 
tion have  been  the  subject  of  remarkable  re- 
searches by  Sir  William  Ramsay.   The  emana- 

tlon  decomposes  water,  and  the  evolved  gases 
contain  more  than  their  normal  proportion  of 
hydrogen;  the  reason  for  this  excess  Is  obscure. 
The  emanation  obeys  Boyle's  law.  .According 
to  previous  Investigation  the  emanation  per  ae 
changes  Into  helium;  now  it  is  found  that 
Its  ultiniiit"'  priiducfs  depend  on  the  nature  of 
the  material  with  which  It  is  in  contact,  (or 
with  water  It  gives  helium,  and  with  oopper 
nitrate  yields  argon  and  a  trace  of  lithium  and 
probably  sodium.  The  hypothesis  is  put  for- 
ward that  the  products  of  degradation  depend 
on  the  molecular  size  and  complexity  of  the 
companions  of  the  down-going  Individual. 
When  the  small  quantity  of  material  avail- 
able for  the  experiments  on  which  these  spec- 
ulations depend  Is  considered,  one  is  at  a  loss 
whether  to  admire  more  the  skill  oC  tha  diam« 
lat  or  his  courage. — "The  Engineer,"  Loadoa. 
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THE  STERILIZATION  OF  DRINKING  WATER 

BY  HEAT 

COXDBN8IED  FROM  "ffi«HNEEIRmO  SVWfT 


Tbere  is  great  need  tor  some  apparatus  or 
method  which  will  turnteh  pure  drinking 
water  at  low  cost  In  localities  where  the  exlst- 
lag  water  supply  Is  Impure,  aad  where  the  In- 
stBllatloB  ot  purification  plants  on  a  large 
scale  Is  not  practicable. 

Engineers  and  sanitarians  have  long  had 
their  att«ntlon  concentrated  on  the  supply  of 

pure  water  to  the  dwollers  In  towns  and  cities. 

But  a  great  proportion  ot  the  population  does 
not  live  In  cities.  With  all  the  amaxlng  growth 
of  our  great  cities,  fully  half  the  people  of  tbo 
United  States  still  live  under  rural  conditions. 
The  prevalence  of  typhoid  and  other  water- 
borne  diseases  among  these  isolated  dwellers 
in  the  country  Is  very  great;  and  in  many  sec- 
tions it  is  almost  impossible  to  obtain  pure 
potable  water  for  drinking.  And  while  we 
look  forward  to  the  time  when  every  large 
city  shall  have  its  filtration  plant,  that  time  is 
still  far  distant;  and  meanwhile  there  is  a 
great  need  among  cltf  dwellers  for  absolutely 
pure  drinking  water. 

These  arc  the  conditions  tn  the  temperat'^ 
zone:  but  wlien  we  ftirn  to  the  tropics  wo  find 
conditions  even  luurtj  serious.  Recuiii  iuvesti- 
gattons  have  shown  the  principal  tropical  dle- 
oajsps  to  ho  chiefly  transmitted  by  imptirc 
water  aiitl  by  uiohquitus.  U  the  American  ur 
Englishman  living  In  the  tropics  will  drink 
sterlllzeil  water  and  protect  himself  from  mos- 
qultoa,  he  can  live  in  the  tropics  aluiosi  as 
safely  as  at  borne. 

There  are  readily  avaf!ahl«»  ntimerotis  ways 
of  securing  a  perfectly  safe  drinking  water 
for  any  person  or  group  of  persona  to  whom  a 
clty-flltered  water  supply  Is  not  accessible. 
But  under  a  wide  range  of  conditions,  which 
need  not  he  reviewed  here.  It  often  happens 
that  the  most  practicable,  and,  at  the  Fame 
time,  the  surest  means  of  making  drinking 
water  safe.  Is  hy  the  application  of  heat.  Bter- 
illty  can  be  secured  by  dlBtlllatlon  or  by  long- 
continued  boiling,  repeated  at  intervals  ot  sev- 
eral days.  Bnt  for  the  destruction  of  the 
disease  germs  common  to  water,  absolute  ster- 
ility is  not  required.  After  having  been  either 
distilled  or  boiled  tor  any  considerable  period 
water  has  an  objectionable,  flat,  insipid  taste, 


because  the  gases  normally  contained  in  the 
water  are  driven  off  by  the  heat.  Either  boiled 

or  distilled  water  must  be  cooled  before  It  can 
be  used.  While  boiled  or  distilled  water  may 
be  aerated  to  improve  Its  taste.  It  Is  diflleult 
to  do  this  on  a  small  scale,  and  there  is  risk 
that  the  process  may  contaminate  the  water 
with  germs. 

There  Is,  however,  one  method  of  treating 
water  which  is  free  from  these  objections. 
That  Is  the  application  ot  heat  to  water  tn  a 


FIG  1.  FORBES  WATER-STERILlZIXG  SYSTKNT, 
SIMPLIFIED  DUGRAM  SHOWING  PRI.NCIPLB 
OF  OPERATION. 


cioFcd  rffeptacle,  ?o  that  the  contained  gas 
win  not  be  driven  off,  and  with  apparatus  so 
arranged  that  the  stream  of  water  leaving  shall 
impart  Its  heat  1o  tliat  i  ute^itl^,'.  thus  euabliug 
the  process  to  be  carried  on  with  only  a  small 
amoant  ot  heat.  In  such  an  apparatus  the 
pure  water  delivered  shonld  ret;itn  Its  original 
gases  and  consequent  agreeable  taste,  and  it 
should  lie  at  a  temperature  not  far  above  that 
at  which  It  entered.  While  aueb  water  is  not 
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absolutely  sterile  it  Is  common  to  speak  of  the 
plant  producing  It  as  sterilizing  apparatus. 

The  problem  of  producing  water  sterilizing 
apparatus  designed  on  these  principles  was 
taken  up  some  eight  years  ago  by  the  Forbes 
Co.,  of  Philadelphia,  and  after  a  long  period 
of  experimenting  it  is  now  placing  on  the 
market  an  extensive  line  of  water  sterilizers 
which  deserve  the  attention  of  engineers  and 
sanitarians. 

The  Forbes  apparatus  is  so  designed  as  to 
keep  the  water  at  the  boiling-point  only  for  a 
second  or  two;  hence  the  flat  taste  of  ordinary 


FIG.  2.  FORBES  STERILIZKH,  TYPE  AI-0.  GAS- 
OPERATED.  FOR  RESIDENTIAL  OR  SIMILAR 
USE.     CAPACITY  12  GALLONS  PER  HOUR. 

boiled  water  is  not  noticeable  in  the  product. 
A  very  simple  "heat  exchange"  allows  the  out- 
going water  to  give  up  its  heat,  by  conduction, 
to  the  Int-omlng  water;  additional  cooling  de- 
vices are  unnecossAry,  and,  as  previously  out- 
lined, the  cost  of  operation  of  the  apparatus 
is  greatly  reduced. 

The  sketch  roproduced  in  Fig.  1  Illustrates 
the.  operation  of  the  system.  While  the  vari- 
ous sizes  of  equipment  made  by  the  company 
differ  in  numerous  details,  the  essential  prin- 
ciples of  operation  are  the  same.  This  sketch 
shows  the  simplest  possible  application  of  the 
principle:  An  inverted  bottle  is  the  source  of 
supply;  the  water  runs  from  the  bottle  Into 
the  cup  below,  and  down  the  pipe  Into  the  bot- 
tom of  one  compartment  of  the   "heat  ex- 


change," which  it  fills.  When  this  compart- 
ment is  filled  the  water  runs  into  the  heater 
and  part  way  up  the  vertical  pipe  above  it; 
when  it  reaches  the  level  of  the  mouth  of  the 
supply  bottle  it  stops  rising. 

If,  now,  the  gas  burner  be  lighted,  the  water 
in  the  heater  will  boll,  rise  in  the  vertical 
pipe,  and  flow  over  into  the  pan  at  the  top. 
This  boiling  lasts  but  a  moment,  after  which 
the  water  at  once  flows  away  from  the  heated 
surface.  It  will  be  noted  that  no  water  can 
pass  into  the  pan  at  the  top  which  has  not 
been  brought  to  the  boiling-point. 

The  boiling  over  of  the  heated  water  lowers 
the  level  of  the  water  in  that  portion  of  the 
system,  and  allows  more  to  flow  from  the 
supply  bottle.  The  sterilized  water  flows  from 
the  pan  at  the  top  into  the  other  compartment 
of  the  heat  exchange,  where  it  gives  up  its 
heat  through  the  thin  metallic  diaphragm  to 
the  Incoming  water.  When  the  sterile-water 
side  of  the  exchange  Is  filled  the  vertical  out- 
let pipe  leaving  It  at  the  bottom  is  also  filled 
and  the  water  flows  Into  a  receptacle  provided 
for  the  purpose.  The  vent  at  the  top  of  the 
discharge  pipe  is  to  prevent  slphonic  action. 

By  the  exchange  of  heat,  the  water  deliv- 
ered at  the  discharge  pipe  is  nearly  as  cold  as 
that  which  is  supplied  to  the  apparatus  (ac- 
tually but  5°  warmer  in  practice),  while  that 
which  flows  Into  the  heater  from  the  upper 
is  used  in  practice  for  controlling  the  water 
portion  of  the  supply  side  is  nearly  at  the 
boiling-point  when  it  roaches  the  heater. 
This,  therefore,  reduces  the  amount  of  heat 
necessary  for  operation  to  trifling  proportions. 

Instead  of  the  inverted  bottle  and  aero- 
Btatic  feed,  the  well-known  float-valve  method 
level.  It  may  be  placed  either  at  the  point  of 
supply  or  within  the  apparatus  Itself. 

In  practical  apparatus  the  water  may  be 
raised  to  the  boiling-point  by  any  one  of  the 
following  agents:  Live  or  exhaust  steam  in  a 
coll.  at  a  pressure  as  low  as  1  lb..  If  necessary; 
artificial  or  natural  gas,  burned  in  a  Hiinsen 
flame:  kerosene,  alcohol,  electricity,  or  a  wood 
or  roal  fire. 

When  it  Is  desired  to  subject  the  liquid 
treated  to  a  lower  degree  of  heat  than  the 
atmospheric  bolHng-polnt.  the  apparatus  is  so 
constructed  that  the  expansion  of  a  column  of 
liquid  under  heat  will  permit  the  passage  of  a 
portion  over  the  "weir"  at  the  top.  On  the 
other  hand,  when  a  temperature  higher  than 
the  atmospheric  boiling-point  is  desired  for 
treating  any  liquid,  the  apparatus  may  be  en- 
closed and  operated  under  a  pressure  corre- 
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eponalng  to  the  heat  desired.  Thus  any  pre- 
deter mined  degree  of  beat  may  be  used  in 
tr«atfns  Hqulda. 

Two  general,  distinctive  types  have  been 
developed:  (l)  The  diaphragm  apparatus; 
(2)  the  tubular  apparatM.  The  varlout  minor 
modifications  of  these  two  general  types  pro- 
vide apparatus  for  any  capacity  and  means  of 
operatlnir,  under  all  poisfble  conditions. 

The  tubular  apparatus  Is  of  a  much  more 
substantial  character  than  the  diaphragm 
types,  and  Is  Intended  for  severe  service  sus- 
tained for  long  periods.  This  type  is  built 
for  capacities  of  50,  150.  250  and  600  gala, 
per  hr.,  and  is  steam-operated. 

As  to  principle  of  operation  this  tjrpe  fol- 
lows Fig.  1.  From  the  level-reguIatlng  cham- 
ber the  water  is  carried  to  the  bottom  of  the 
heat  exchange,  where  it  enters  above  a  tube 
sheet  and  fills  the  shell  Brrroimdlne  the  tubes. 
Flowing  over  into  the  heater  chamber,  it  rises 
iuHlde  the  hood  surrounding  the  heater  tubes. 
When  steam  Is  supplied  to  the  heater  tubes  the 
water  boils  over  into  the  pan  at  the  lop, 
whence  it  flows  down  through  the  tubes  of 
the  heat  exchanpn.  The  action  thereafter  is 
the  same  as  in  the  diaphragm  apparatus. 
Steam  at  a  'very  low  pressure  irtll  maintain 
this  type  in  continuous  operation.  Exhaust 
steam  at  l-lb.  pressure  has  been  found  suffl- 
ctait  In  •etual  me. 

In  both  fteneral  types  the  desipn  and  con- 
struction of  parts  are  carried  out  with  caro  as 
to  metallic  contamination  of  the  water. 

The  shells  are  of  copper  and  brass,  lined 
with  blocic  tin.  In  the  diaphragm  type  the 
diaphragm  Is  of  sheet  copper,  tln-ooated  on 
both  sides.  In  the  ttiAinlar  apparatus  the 
tubes  are  of  seamless  brass,  tin-lined. 

In  all  of  the  apparatus  ample  means  are 
provided  for  Inspertlnc;  and  cleaninc:  the  sur- 
faces, but  in  practical  operation  it  has  devel- 
oped that  scale  and  deposits  do  not  aoenmn- 
late,  as  might  he  expcofcd.  The  only  point 
where  any  sign  of  scale  has  been  found,  after 
tons  teats,  is  In  the  heater  of  the  gas  or  1iero> 


seuo  operated  apparatus;  in  the  steam-oper- 
ated apparatus  the  nearest  approach  to  scale 
which  has  developed  In  actual  use  la  a  soft, 
putty  like  deposit  on  the  heater  tubes,  easily 
washed  off.  Any  precipitation  of  salts  la  the 
heat  exchange  partakes  of  the  nature  of  a 
sludge,  and  is  easily  drawn  off  throu^  the 
wash-out  coclcs. 

Economy  of  the  Method. — ^Naturally,  the 
question  arises:  How  cheaply  may  sterilization 
be  accomplished  with, this  apparatus?  Owing 
to  lack  of  space,  we  can  give  but  a  general 
idea;  but  the  following  figures,  faralslied  by 
the  manufacturers  and  based  upon  practical 
testa,  are  of  considerable  interest. 

In  the  larger  apparatus,  where  the  ratio  of 
heat-transfer  surface  to  the  exterior  surface  Is 
large,  suitable  insuiatiou  reduces  radlatioa 
losses  to  a  negligible  quantity.  With  appa- 
ratus operated  at  a  normal  rate,  the  sterile 
water  can  be  delivered  at  a  temperature  not 
more  than  B*  above  the  entering  raw  water. 
Therefore,  neglecting;  radiation  losses,  there 
will  be  necesBary,  after  the  contents  of  the  ap- 
paratus are  heated,  5  B.T.V.  per  lb.  of  water 
treated.  Allawlng  10.000  available  B.T.tl.  per 
pound  of  coal.  2.000  lbs.  or  240  gals,  of  water 
may  bo  treated  per  pound  of  ooal  burned. 

This  efficiency,  with  coal  at  |8.00  per  ton  aa 
'a  basis,  represents  a  cost  for  fuel  alone  of 
|6.t4  per  1,000,000  gals,  of  sterilised  water.. 
In  localities  like  Pittsburg  or  Scranton,  where 
usable  coal  can  be  obtained  at  |1  per  ton,  this 
low  cost  Is  materially  reduced.  TTnder  the  or^ 
dinary  method  of  boiling  water  and  allowing 
it  to  cool  naturally,  all  heat  thrown  off  in 
cooling  Is  of  course  lost,  so  that  1  lb.  of  coal 
will  sterilise  only  about  68  lbs.  or  7  gala,  of 
water- 

Spedai  Army  Apparatus. — ^A  portable  army 

plant  for  furnishing  safe  drtnklnR  water  to 
troops  la  the  field  has  been  built  for  the 
United  States  goremment.  It  has  a  capacity 
of  tOft  pals,  per  hour,  and  is  in  full  operation 
11  minutes  after  starting;  It  is  mounted  on  a 
steel  frame  truck  and  weighs  about  S,160  Iba. 


FIRELESS  (STEAM  ACCUMULATOR)  LCXiOMOTIVES 


The  ffreless  locomotive,  according  to  Capt. 

Godfrey  L.  Carden,  of  the  United  States  Rev- 
enue Cutter  Service,  In  a  recent  letter  to  the 
"Dally  Consular  and  Trade  Reports,"  Is  prao* 

tically  the  only  type  of  motor  power  which  can 
be  recommended  for  plants  where  the  question 


of  lire  precaution  Is  almost  a  first  eonsldera- 

tloti,    as,    for    exainiile,    powder    mills,  cotton 

plants,  wharves,  and  other  places  where  the 
presence  of  an  ordinary  type  of  locomotive,  or 

I'xt  n  electric  power,  prejnilices  the  insurance. 
It  is.  of  course,  unsuitable  for  uninterrupted 
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railway  service,  being  essentially  a  yard 
BwitdUng  machine,  aad  U  must  keep  near  Its 
base  of  supply,  which  la  the  boiler  of  some  lo« 

'cal  power  station. 

Speaking  generally,  a  flreles*  locomotive  is 
really  an  accumulator  engine,  the  boiler  being 

.about  three-quarters  filled  with  water,  whldll  It 
heated  by  means  of  steam  at  a  preaeure  of 
about  170  lbs.  per  sq.  in.  to  about  376°  F. 

Jt  takes  from  8  to  15  minutes  to  refill  the 
boiler  with  water  and  heat  it  with  steam  from 
the  power-house  boiler,  and  the  drop  in  pres- 
sure in  so  doing  is  only  about  7  lbs.  The  loco- 
motive Is  then  a  boilfr  partly  flHetl  with  lilRhly 
heated  water  which  gives  off  slcam  iulllally  at 
about  170  lbs.  pressure,  the  pressure,  how- 
evpr,  poiistaiitl>'  (let're[i.siiifr  as  the  locomotive 
Is  operated,    ll  is  luuud  in  practice  that  con- 

alderable  work  can  be  accomplished  even  when 
the  prosgijre  hns  faltpn  as  tow  as  from  1  to 
30  lbs.,  and  that  it  is  possible  (or  the  loco- 
motive to  work  Ita  way  to  the  lIlMiig  tank,  or 
powpr-house  boiler,  uiulcr  Its  own  steam,  when 
the  pressure  is  no  higher  than  from  5  to  7  lbs. 
Summed  up  briefly,  this  type  o(  engine  offeva 
absol'ite  ynfefy  nfraiiifst  fire  which  mlRht  be 
caused  by  Hying  sparks  and  all  smoke  nuisance 
!•  eliminated.  This  permits  of  the  machine 
bernp  use!  fn  shels  and  other  Inclosures. 
There  is  marked  economy,  since  the  coat  oC 
producing  steam  In  stationary  boiler  plants  to 
li  s-i  than  when  ])r()ilured  by  ordinarj'  fire  loco- 
motives. Only  one  man  is  required  to  run  the 
engine,  and  when  the  machine  is  not  in  opera- 
tion til.'  services  of  this  man  can  be  utilized 
elsewhere.  Practically  there  are  little  or  uu 
repsirs  needed  on  one  of  these  machines,  since 
there  is  no  fire  box  the  strain  on  the  boiler  is 
practically  nil.  Any  incrustations  which  may 
develop  need  not  be  removed,  as  such  deposits, 
by  serving  as  calorifuge,  assist  In  r.  ducinp  the 
radiation  of  heat.  The  engine  can  be  made 
ready  for  service  In  a  very  short  time,  and 
when  onc<'  Charyetl  is  ready  for  work  at  a 
moment's  notice,  if  it  is  not  required  con- 
stantly the  machine  may  be  left  standing  with- 
out suDi  rvisi«)ii,  and  fv«'n  after  the  expiration 
of  several  hours  It  can  be  brought  into  play. 
From  this  it  will  be  seen  that  the  special  prov- 
iiKv  of  this  type  of  machine  is  interrupted 
work.  Since  the  machine  is  independent  of 
electric  current  It  can  bo  o|)crated  over  any 
line  of  tracks  adapted  to  its  Rage,  and  in  i>olnt 
of  safety  it  is  probably  unexcelled.  There 
need  be  no  fear  of  an  explosion  as  the  steam 


teaslMi  in  the  receiver  attar  flUlng  up  only  de- 
creases and  never  increases. 

The  steam  (luautity  which  theoretically  may, 
subject  to  temperature  llmlta,  ba  takim  from 
the  hot-water  buiier,  worka  out  aooordlng  to 
the  following  formula: 

Let  represent  the  water  quaatlty  and 
the  temperature  of  the  water  in  the  holler  after 
It  has  been  newly  filled,  the  water  quantity 
and  t  the  temperature  In  the  tank  after  the 
work  has  tie<'n  completed;  the  quantity  of  heat 
at  the  beginning  will  then  be  P^  t^  and  at  the 
end  P^  tj  the  difference  between  t^  and 
I*,  t  has  heen  employed  for  the  evaporation 
ot  the  water  quantity  P  — P  . 

Further.  If  r  stands*  for  the  latent  heat  of 
evaporation  at  a  metliiim  toniperalure,  the  fol- 
lowing equation  will  be  obtained,  and  the  re- 
sult will  be: 

Pi  t,  -  Pj  t,  =  P,  -  P.)  r, 
Ps  =  Pi  (r  -  t)  /  (r,  -  t,). 

At  given  temperature  limits  U  Is  therefore 
possible  to  estimate  the  final  water  quantity 
out  ot  the  Initial  water  quantity. 

In  one  type  of  engine  made  by  A.  Borsig, 
of  Tegel,  Germany,  known  as  No.  6,  the  loco- 
motive boiler  has  a  capacity  of  9  cubic  meters. 
This  boiler  holds,  therefore,  nhout  7,000  liters 
of  water  (1,840  gals.).  Supposing  a  steam 
pressure  of  12  atmospheres  la.  the  stationary 
boiler  pinnt.  the  Initial  pressure  in  the  reroixer 
may  then  be  supposed  to  be  11  atmospheres 
(166.S  lbs.  per  sq.  In.).  Should  the  working 
capacity  of  the  heated  water  !)e  utilized  to 
such  an  extent  that  the  tension  in  the  receiver 
to  reduced  to  2  atmospheres  (28.6  lbs.),  the 
followiriiT  qtiatitlty  of  steam,  in  conformity  to 
the  above  formula,  will  be  required  for  the  re- 
filling of  the  receiver  until  the  initial  tenalon 
of  11  atmospheres  will  be  arrived  at: 

P^=-7.000  ((497.5  —  ]8.3)/(  197. r,  —  119.6))= 
5,824  kgs.  of  steam;  and  7.000 — 5,824^ 
l,t7S  kgs.  of  steam  required  (2,687  lbs.). 

At  a  steam  consumption  of  22  kgs,  per  HP.- 

hour  (ttr  Is  I  lbs., — a  figure  based  on  nunier- 
oua  tests  and  taking  into  consideration  the  loss 
of  test  through  leakage  and  radiation),  the 
locomotive,  when  being  filled  up  to  the  above 
indicated  tension  limits,  may  bare  an  effldency 
of  62  HP.-hours.  Consumption,  ss  well  as  the 
eniciency  of  any  ftreless  locomotive  may  be  es- 
timated, it  is  staled,  on  this  last  formula,  la 
any  case  which  arises. 
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COMPRESSED  AIR  CALCULATIONS* 

By  E  A.  RIX,  M.  Am.  Soc.  C.  E. 


FROM  "THB  JOUHNAI.  OF  ELI 

Before  we  undertake  to  solve  a  problem 
wblcb  I  sliftll  present  for  your  consideration.  I 

shall  glvf  yon  .some  of  tho  firactlcal  data  whteta 
I  use  to  make  these  calculations. 

DurloK  the  last  twenty  years.  I  hare  kept  a 
log  of  all  the  cotri  pressed  air  plans  I  have 
tested,  and  also  the  actual  performance  of  a 
great  number,  covering  almost  every  kind  of 
oompreasor  and  compressed  air  motor  or  tool, 
and  I  hnvp  nvrraj^crl  all  the  indicator  cards 
taken  from  the  various  compressors  used  in 
mlnlnc  work  and  eompared  tho  Indlcatod 
horse-powpf  -with  thr  nrtnal  power  reqnlrpd, 
comparing  this  with  the  displacement  of  the 
compressor  cylinders.  I  have  eondndod  that  tor 
a  pafo  nnd  snno  power  factor,  "ro  must  allow 
20  B.HP.  for  every  100  cu.  ft.  of  cylinder  dis- 
placement, to  compress  atr  from  atmospheric 
pr( '^^Hurc  to  90  or  96  Ibs.  recelvtr  sage  pres- 
sure at  sea  level. 

I  have  made  my  caleulattons  on  these  pres- 
sures because  they  are  the  standard  pressures 
now  used  for  pneumatic  work,  and  nearly  every 
machine  and  motor  Is  constructed  for  these 
pressures.  It  may  also  bo  noted  that  it  would 
be  just  as  well  in  small  plants  (up  to  loo  cu. 
ft.  capacity)  to  make  no  distinction  between 
single  and  two  stage  machlnea. 

If  voTi  consult  tab!!^!?  in  any  enK'n^prlrnT 
magazine  or  trade  catalogue,  on  air  coropres- 
sors.  you  will  note  that  the  power  claimed  to 
do  rortain  work  Is  much  Icfs  than  tlif  fltrurf? 
which  I  give  you,  and  in  explanation.  It  must 
be  noted  that  these  tsbles  are  theoretical,  and 
do  not  take  Into  areouiit  the  mechanical  ef- 
ficiency of  the  compressor,  nor  loesea  due  to 
volumetric  effldeney  of  eompreseors. 

These  figures  are,  therefore,  misleading,  and 
should  be  avoided  except  to  use  as  comparisons 
between  one  machine  and  another. 

A  compressed  air  cylinder  will  never  give  a 
quantity  of  air  equal  to  the  voTume  pwopt  hy 
the  piston,  for  the  reason  that  su<-h  things  an 
clearance,  leakage,  temperature,  piston  speed, 
etc.,  reduce  tbo  theorpttcal  quantify  po  that  It 
is  best  to  figure  about  SO^Tr  volumetric  offi- 

'SllshUr  cond«D»e4  from  a    paper    r«i4    b«rore  the 
Mtalas  AMoeiaOoa  ot  Oi»  XJalT«r«lt]r    ot  Calltorais. 
Pek  ».  IMB. 
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clency   for  the  average  mining  compressor. 
Many  do  not  give  60%  and  some  90%. 

In  using  compressed  air  at  90  lbs.  pressure 
cold,  it  will  take  2i  en.  ft.  of  free  air  per  min- 
ute to  give  1  HP.  in  plain  slide-valve  engines, 
and  IS  cu.  ft  with  good  expansion-valve  gear- 
ing, and  between  these  two  limits  will  lie  all 
the  various  types  of  engines.  If  the  air  be 
reheated,  to  about  300*  P.,  It  will  reduce  the 
above  quantities  about  one-third.  In  one  hoist- 
ing engine  which  we  Installed,  having  com- 
pound Corliss  cylinders,  and  where  the  air  was 
heated  to  100°  F.  before  entering  each  cylin- 
der, it  required  between  7  and  8  cu.  ft  only 
for  1  HP.  Most  mines,  however,  use  oold  air 
and  prefer  the  power  loss  to  the  trouble  and 
expense  of  the  installation  and  maintenance  of 
reheating  apparatus. 

The  tables  set  forth  in  the  trade  catalogues 
for  the  nlr  eonsuniiitlon  of  .'itanilrir.l  jiiston  rock 
drills  are  fairly  accurate  and  are  generally  in 
terms  of  the  compressor  cylinder  displacement. 

For  operating  ordln.Try  station  nml  sinking: 
pumps  of  the  direct-acting  type,  which  is  the 
ordinary  stock  pump  usually  used  In  mining 
operations,  it  will  be  safe  to  ralrula'e  that  1 
cu.  ft.  of  free  air  compressed  to  90  lbs.  gago 
pressure  will  do  135  foot-gallons  of  pumping. 

Oniinary  mining  hoists  have  ft  mechanical 
efhclcucy  of  about  75</i. 

For  the  determination  of  pipe  sIms,  losses 
of  pressure  and  terminal  pressures  for  com- 
pressed air  transmission,  I  use  the  Johnson 
formula,  which  te  very  satisfactory: 

P,»  —      =  O.OOOC  VL/A,  (1) 

Wherein      =  absolute  initial  air  pressure. 

=a      "      terminal  air  pressure, 
y  =free  air  equivalent  passing 

throtipli  th'^  jiipi'. 
Li  <^  length  of  pipe  in  feet. 
A  » diameter  In  Inches. 
Thto  formula  Is  <|ttlte  simple  to  solve. 

With  thepr-  fneti?  nt  hand,  we  can  now  read- 
ily calculate  the  problem  we  shall  consider  as 
follows: 

A  mine  having  a  waler  power  distant  r>,000 
ft.  wishes  to  generate  compressed  air  and 
transmit  It  to  the  collar  of  the  shaft  for  operat* 

ISOI.  w» 
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Ihk  purpoiei.  The  work  to  be  performed  is  as 
follows: 

100  toD8  of  ore  and  waste  to  be  hoisted  in 

20  hours. 

30  gals,  of  water  per  mla.  to  be  pttmped 

either  at  a  station  or  a  ftinklog  pump. 
5 — z  %  Btandard  piston  rock-drills   to  be 
operated. 

3  air-hammrr  rlrlMs  to  be  operated. 
General  Conditions: 
Depth  of  shaft.  SOO  ft. 
Weight  of  skip  and  rope,  1,000  lbs. 
Welgbt  of  ore  hoisted,  1  ton. 
Initial  air  pressure,  96  lbs. 
Final  air  pressure,  90  lbs. 
Altitude,  sea  level. 

Geared  hoist  and  unbalanced  hoisting. 

Required : 

Size  of  compressor. 
Diameter  of  air  pipe. 
Brake  horsepower. 

Altitude  factors. 
Reheating  coefficients. 

[Note. — ^In  problems  of  this  kind,  we  must 

reduce  all  of  our  rpquiremeuts  to  cubic  fpft  of 
free  air  because  free  air  is  the  basis  for  all 
power  caleulatloOB.] 

SOLI'TTOX. 
Free  Air  Required   for   Hoisting. — If  100 
tons  of  ore  and  waste  are  to  be  hoisted  In  20 

hours  a  1-ton  load  will  ^M•  hoisted  every  12  min- 
utes. Of  course,  we  know  that  an  absolute 
schedule  of  12  minutes  between  hoists  can 

scarcely  ever  be  carHed  out,  but  the  only  way 
to  figure  It  Is  on  a  regular  basis,  and  after  that 
is  determined,  allowance  one  way  or  auotber 
can  be  made  for  any  irregularity. 

The  load  being  2,f>f>fl  lbs  of  material  and 
1,000  lbs.  of  rope  and  skip,  makes  a  total  of 
3,000  lbs.  which  Is  to  be  hoisted  €00  ft.  Three 
thoUHunds  pounds  lifted  COO  ft.  will  require 
1.800,000  ft.-lbs.  of  work,  or  54  HP.,  theoret- 
ical. Inasmuch  as  tbe  hoist  has  a  probable 
efflok'ucy  of  T.'' : .  tbe  54  HP.  becomes  72  B.HP. 
actually  required. 

trains  cold  air,  It  requires,  as  we  hare  men- 
tioned Itefore,  2  4  cu.  ft.  of  free  air  per  horse- 
power. Then  24  x  72  =  1,728  cu.  ft.  of  free 
atr  which  the  hoist  will  consume  to  make  one 
lift  This,  you  will  note,  phes  us  direct  results 
without  taking  into  consideration  the  element 
of  tfm«  or  the  dlmeDsioos  of  the  hoist.  If  we 
III  i  ll  a  hoint  every  12  n  inuO's,  and  it  re- 
quired 1.72*'  <  II  ff  to  mnl  '  .i  hoist,  then  the 
compressor  nni^i  lurninb  \\  \  cu.  ft.  of  free  air 
per  min.  continuously,  and  we  must  have  stor- 


age capacity  sttflldent  to  aoeumulate  the  air 
•  !weea  hoists.   Right  her*  ta  tho  vital  point 

of  hoisting  economically  with  compressed  air. 

Let  us  assume  that  we  hoi.st  at  the  rate  of 
300  ft.  per  min.;  then  It  will  take  two  minutes 
to  make  the  lift,  and  the  hoist  will  be  lower- 
ing and  idle  during  the  next  ten  minute  Dur- 
ing this  ten  minutes,  the  compressor  Is  deliver- 
ing 144  cu.  ft.  of  free  air  per  min.,  or  1,440 
Ctt.  ft.  total,  which  must  be  stored. 

If  the  hoist  Is  none  too  large  for  the  work, 
you  will  find  that  If  the  pressure  In  the  re- 
ceiver drops  more  than  one  atmosphere  or  from 
90  lbs.  to  75  lbs.,  that  the  hoist  will  not  oper- 
ate in  a  satisfactory  manner.  Then,  in  our 
problem,  if  we  mui;t  drawl,440  cu.  ft.  from  the 
receivers  at  a  drop  of  one  atmosphere  in  pres- 
sure, the  receivers  must  have  a  cubic  capacity 
of  1,4  4  0  cu.  ft.  and  if  the  hoist  is  amply  large 
so  that  it  will  still  operate  after  the  receiver 
pressure  has  dropped  two  atmospheres,  or  from 
90  lbs.  to  fio  lbs..  Uien  the  receiver  capacity 
can  be  one-half  of  1,440,  or  720  cu.  ft.,  but  it 
is  not  wise  to  go  below  this  pressure,  becauae 
It  will  affect  too  ninterlaUy  the  pressure  re- 
quired for  operating  the  other  machinery. 

For  a  flrst-elaes  Job,  Install  receivers  having 
a  capacity  eiiiL-^l  to  the  storage  required  at  ono 
atmosphere  pressure.  Large  receivers  cost  less 
In  proportion  to  their  storage  capacity  than 

ftiiun  oiit'S.  Foi'  ex-.itiiple;  A  r.irlonj  eoiijiistlng 
of  four  receivers  D4  ins.  in  diam.  by  30  ft.  long, 
containing  about  2.000  cu.  ft.,  costs  at  tbe 
present  time  about  $1,600,  while  the  same 
storage  in  ordinary  receivers  48  ins.  in  diam. 
and  TS  ft.  long,  would  cost  about  $2,200.  It 
is  )>euer  to  Invent  more  money  In  rscetvMns  mad 
less  in  compressors,  because  the  smaller  com- 
pressor take  less  power  at  the  peak,  and  most 
power  bills  are  figured  on  a  constant  peak. 

If  you  Install  a  plant  and  the  receiver  ca- 
pacity is  too  small,  you  can  always  determine 
the  proper  quantity  of  storage  by  running  the 
eoitiiiii  s>(ir  uUh  the  uiilonder  cut  out.  and  if 
tbe  receivers  blow  off  between  hoists  and  the 
pressure  drops  more  than  1 5  lbs.  during  hoist- 
ing, add  \\wv>'  itrfivir  <apa<iry  until  it  will 
not  blow  oft  nor  drop  more  than  la  lbs.  If 
you  arrive  at  tbe  point  where  It  does  not  blow 
off -and  th<'  pi  '  ssure  does  not  fall  to  I  ">  Ihs  . 
then  slow  down  the  compressor  until  the  de- 
sired drop  is  reached,  and  you  will  be  operating 
your  plant  at  the  most  economical  point.  Then 
rut  111  till'  uuln.ider  again  and  let  it  work  when 
it  will.  An  un loader  only  saves  wear  and  tear 
on  the  compressor  where  you  buy  power  at  the 
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peak  loftd.  m  happens  In  moit  emwB.  but  does 

not  affect  your  power  bill. 

Let  us  go  back  now  to  our  problem.  We 
find,  therefore,  that  144  cu.  ft.  per  min.  is  re- 
quired for  hobttng.  Now,  while  we  have  al- 
lowed four  hours  In  twentv-four,  or  an  hour 
and  twenty  minutes  on  each  shift  for  hoisting 
and  lowering  men,  timbers,  supplies,  etc..  It  Is 
entirely  probable  that  at  loast  oncp  every  hour 
gome  one  will  be  going  up  and  down  the  shaft, 
and  It  would  be  practical,  therefore,  to  aajr 
that  the  hoist  would  hamllo  six  loads  per  hour 
instead  of  five,  and  we  must  therefore  add  20% 
to  the  hoisting  requirement,  making,  say,  176 

cu.    ft.    instead   of  11!. 

Amount  of  Compressed  Air  Required  for 
Pumping. — ^Por  pumping  30  gals,  per  mIn.  600 
ft.,  requires  30  .  t-ini  or  18.000  ft. -gals,  of 
work.  If  one  cubic  foot  of  free  air  at  90  lbs. 
gage  pressure  will  give  135  ft.-gals.  Of  work, 
we  shall  roriiiiro  i;::;  l  u.  ft.  of  free  air  for  the 
pumplug.    This  refiiiiroment  l.«  constant. 

Amount  of  Compressed  Aii  Required  for 
prilling. — Vtn  2K-ln.  rock  drills  will  require 
no  ft.  of  free  air  each,  or  25f*  cu.  ft.,  and  three 
air-hammer  drills  will  require  25  cu.  ft.  each, 
or  75  cu.  ft  To  get  these  amounts,  take  aboat 
SOr'f  of  the  requirements  as  stated  in  roclt-drlll 
catalogues,  which  alwaj's  give  quantities  in 
compressor-crllnder  displacement  which  do  not 
deliver  on  an  average  within  20'',  of  their  dis- 
placement, excepting  in  large  machines. 

Our  total  requirements  will  therefore  be: 

Hoisting   175  cu  ft 

Pumping  133  cu.  ft. 

Drilling   .32SCU.  ft 

Total  633  CU.  ft. 

This  ^'.i'i  cu.  ft.  does  not  take  into  consider- 
ation any  ordinary  pipe  leakage  In  the  hoisting 
works  and  below  ground,  and  in  conducting 
this  air  from  a  distance,  inasmuch  as  our 
problem  calls  for  a  transmisslott  of  6,000  ft., 
it  -noiM  1 well  to  allow  a  leakage  of  5%  on 
the  entire  system.  This  would  bring  our  re- 
quirements up  to  065  CU.  ft,  and  If  we  allow 

that  our  conipressor  will  rIvo  a  volumetric  ef- 
ficiency of  at  least  80%,  we  must  have  a  cylin- 
der displacement  of  880  ca.  ft.  per  mIn. 

You  will  remember  that  our  power  factor 
was  20  HP.  per  100  cu.  ft.;  consequently  we 
must  have  166  HP.  dellTered  on  our  water- 
wheel  shaft  to  drive  this  compressor. 

Finally,  we  must  determine  the  sisEe  of  the 
pipe,  allowing  5  lbs.  drop  in  pressure  tor  fric- 
tion loos.   In  the  formala  (1).      the  Initial 
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pressure  absolute      95  4'  14.7,  or  109.7, 

its  square  is  12,034. 

P„  the  terminal  pressure  we  have  stated 
shall  be  5  lbs.  less  than  the  initial  or  90  lbs., 
or  104.7  absolute,  and  its  square  la  10,969. 

The  diflereaoe  between  these  two,  w — 
F  » —  Pj2=  1,072. 

Substituting  this  in  our  equation,  and  also 
the  values  for  L  and  V  (L  =  5,000.  V  =  633), 
and  solving  for  A,  we  have  A,  or  the  diameter 
of  the  pipe  B  4  Ins. 

We  have  now  to  figure  the  size  of  the  com- 
pressor required.  If  you  happen  to  have  tables 
and  catalogues  at  hand.  It  will  be  an  easy 
mat  tor  to  look  up  a  satisfactory  compressor 
having  a  displacement  of  830  cu.  ft.  but  If 
such  literature  la  not  at  hand,  the  size  of  the 
compressor  may  be  determined  as  follows: 

It  almost  goes  without  saying  that  you  would 
select  a  two-stage  compressor  for  anything  over 
400  cu.  ft.  capacity.  This  two-stage  compr«^ 
sor  will  have  a  low-pressure  or  gathering  cylin- 
der, wherein  the  air  is  compressed  to  about  25 
lbs.,  and  a  high-pressure  cylinder  where  the 
air  at  ?'  lbs.  after  it  has  been  cooled  will  be 
compressed  to  90  or  95  lbs.  pressure.  The 
reason  a  two-stage  machine  to  selected  to  be- 
cause it  has  a  hlKhfT  volumetric  efficiency,  re- 
quires less  power  to  operate  it,  is  easier  to  lub- 
ricate on  account  of  lower  temperatures  and 
has  less  strains  on  the  mechauism. 

The  first  thing  to  consider  is  the  speed  at 
which  you  will  operate  the  compressor,  and 
tilts  will  be  dictated  by  many  things.  If  you 
have  a  limited  amount  to  expend,  you  will  nat- 
urally select  as  high  a  working  speed  as  pos- 
sible, because  the  higher  the  speed,  the  amaller 
the  compressor. 

Again,  you  may  have  to  take  the  future  into 
coaetderattim,  and  yon  may  want  more  air 
later  on,  as  the  shaft  goes  deeper  or  more 
water  is  encountered.  You  would  then  natur- 
ally select  such  a  speed  as  would  give  you  the 
margin  of  adilltional  power  Tequlred, 

You  may  take  150  r.p.m.  as  the  maximum 
for  compressors  from  400  to  1,600  ft.  wpadty. 
and  100  r.p.m.  as  a  si)ccd  that  will  give  you  a 
&(y/c  margin  for  the  future,  so  let  us  assume 
that  the  mine  In  question  has  a  future,  and  take 
100  r.p.m.  If  our  requirem«  iit  is  s?.o  cu  ft.  per 
min.  we  shall  then  require  an  intake  or  com- 
pression cylinder  which  will  glre  us  8.9  cu. 
ft.  i>er  revolution,  and  inasmuch  as  the  cylin- 
der is  doul)le-acting — that  is  to  say,  makes  two 
displacements  per  revolution,  the  cylinder  must 
have  a  cubic  capacity  of  4.16  cu.  ft 
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Experience  dictatee  tb«t  the  average  com- 
pressor f^yHnder  is  bttllt  for  tli«  toUowlns 
strokes  aiid  capacities: 

e-tD.  atroke  up  to   60-ft.  capacity. 


8-in. 
lO-tn. 

15- ln. 

16-  in. 

18-!n. 
24-ia. 


100-ft. 
200-ft. 
500-ft 
700-ft. 

1,  noo-ft. 

2,  ;;00-ft. 


Our  compressor  will  tlierefore  be  beet  suited 
by  an  18-ln.  stroke,  or  1.5  ft    If  the  capacity 
la  4.16  cu.  ft.  and  tbe  stroke  1.5  ft.,  the  area  of 
4.16 

tbe  erllnder  will  he  »  2.76  wn.  ft,  or  3»7 

1:5 

sq.  Ins.,  which  Is  the  area  of  a  22>^-ln.  cylin- 
der. Tbe  low-pressure  cylinder  will  therefore 
be  22%  X  18. 

It  is  vpry  evident  that  If  vro  have  two  cylin- 
ders to  do  our  compressine,  that  there  is  no 
good  reason  why  one  cylinder  aboald  do  more 

work  than  the  other,  and  thon-  is  a  very  good 
reason  why  tbe  work  performed  by  these  cylin- 
ders should  be  equal.  tIs.:  because  the  total 

work  and  t«  iuperaturo  developed  will  be  at  a 
minimum.  Just  why — would  lead  us  Into  math- 
ematics, and  so  you  must  take  the  statement 

as  a  fact. 

There  is  also  the  mechanicHl  reason  that  the 
strains  on  the  machine  will  be  at  a  minimum, 
and  If  you  construct  tbe  compressor  of  the 
diJi''*'^  t^'pr,  both  fld^s  will  !)e  nlikc,  except  ns 
to  the  cylinders.  If  our  two  cylinders  perform 
equal  work,  the  Intermediate  pressure  must  be 
a  mean  pronort tonal  between  the  Initial  abso- 
lute pressure  and  tbe  final  absolute  pressure, 
and  the  cylinder  ratios  will  be  as  tbe  rattoa  of 
eitli.  r  the  hl^rh  or  initial  absolute  pressure  tO 
tbe  iiitennc'.lintp.    In  ofhT  Avordf?. 

if  P    r- absolute  initial  pressure 

*^  absolute  Intermediate  pressure 
absolute  final  pressure 


P 

1 1 

then  P 


Take  our  example:  Our  initial  pressure  is 
atmospheric  or  147  absolute.  Our  final  pres- 
sure Ih  95  lbs.  gage  or  109.7  absolute.  The 
intormedlato    pressure    will    then    be    P^  = 

V  H.7  X  109.7  or  40  lbs.  absolute  ^  25.3  lbs. 
gage  pressure.  Our  proportion  then  stands 
14.7:40:  : 40: 109.7.  which  represents  a  ratio 
of  40/14.7  or  lOd/40  =  2.74.  The  cylinder 
ratios  win  therefore  be  Identical  with  tbe  pTeB> 
Sure  ratios  and  our  high-pressure  cylinder  will 


have  a  capacity  of  1/2.74  of  tbe  low  preesuw. 

The  strokes  being  the  same,  the  area  of  the 
high  pressure  cylinder  will  be  1/2.74  of 
the  low  prenure,  which  was  S97  sq. 
Ins.  Dividing  this  by  2.74.  we  have 
145  sq.  ins.  as  the  area  of  the  high- 
pressure  cylinder.  This  corresponds  -  to 
a  diameter  of  13V&  ins.  The  compressor  will 
then  be  a  22 ^-in.  x  13  ^-in.  x  18-in.  stroke, 
and  you  will  be  Justified  In  taking  the  aeareet 
sUe  to  thi.s  that  the  manufacturers  can  supply. 

You  will  note  that  as  the  altitude  iDcreases» 
the  Initial  absolute  prenure  dlmfailsbeB,  and 
as  the  flnal  pressure  remains  the  same,  the 
pressure  ratio  grows  larger  as  the  altitude  In- 
creases. For  example:  At  10,000  ft  the  at- 
mospheric pressure  is  10  lbs.  instead  of  14.7 
lbs  ,  and  if  you  go  through  the  same  calcula- 
tions that  we  liavc  Just  made,  you  will  find 
that  the  cylinder  ratios  will  be  2.2  Instead  of 
2.74,  and  this  will  make  the  high-pressure  cyl- 
inder only  12  ins.  in  diameter  Instead  of 
13%  Ine.,  and  the  Intermediate  pressure  will 
be  IS. 3  Ihs.  Instead  of  2r>..'i  Ihs.  Such  a  com- 
pressor would  not,  however,  be  able  to  do  the 
work  contemplated  In  the  problem  we  have 
considered,  for  the  reason  that  while  the 
weight  of  air  necessary  to  do  work  remains 
practically  the  same  for  reasonable  altltudee, 
the  capacity  of  the  compressor  diminishes  as 
the  altitude  Increases.  It  \»  true  the  volume 
remains  the  same,  but  It  has  nut  tbe  weight 
and  thcrerore  you  muat  Increase  tbe  size  of 
the  cylinder  required  at  sea  level  by  the  ratio 
lietween  the  ratio  of  compression  at  sea  level 
and  the  ratio  of  compression  at  altitude. 

In  our  problem,  tbe  ratio  of  compression  at 
sea  level  is  7.0  and  the  ratio  of  compression  at 
altitude  of  10.000  ft.  Is  11.  The  sea-leret  com* 
jifessor  niusf  he  Increased  therefor,  ll/7.r>.  or 
1.47  times,  to  give  tbe  same  weight  of  com- 
pressed air  at  10,000  ft.  altitude,  or,  to  put  it 
even  more  simply,  it  will  take  11  strokes  to 
give  same  compressed  air  or  to  do  the  same 
work  as  7%  strokes  will  do  at  sea-level. 

In  our  problem  this  would  make  a  low- 
pressure  cylinder  of  27  ins.  instead  of  22 V4 
ins.  and  a  high-pressure  cylinder  of  15  ins. 
Instead  of  12  ^  Ins.  In  other  words,  this  alti- 
tude foTTT  pressor  Is  nearly  50%  larger  to  do  tbe 
same  work. 

A  proper  understanding  of  these  simple  cal- 
culations will  enable  you  to  check  up  com- 
pressor sizes  and  proportions,  and  no  one 
could  furnish  yon  with  a  sea^lerel  oomproseor 
for  an  altitude  one,  and  vice  versa.   We  hat* 
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MBumed  a  volumetric  efBdencr  of        in  thli 

problem,  but  If  the  compressor  happens  to  be 
a  Blow-speed,  mechanlcal-valve  machine,  90% 
could  be  assumed.  The  figures  I  have  given 
70a  are  safe,  and  taken  from  average  plants, 

and  It  wHl  be  necessary  for  yon  to  use  your 
judgment  in  assuming  a  higher  or  lower 
factor. 

Amount  of  Compressed  Air  Required  for  Re- 
heating.— It  is  practical  to  reheat  air  from 
too*  to  400°  F.  In  various  ways  and  great 


economy  realized,  especially  for  pumplns  and 

hoisting,  and  if  it  Is  possible  you  may  reduce 
the  quantities  of  cold  air  which  we  have  fig- 
ured for  this  work  by  the  ratio  of  the  atmos- 
pli««  to  the  compressed  air  temperature  ab- 
solute. Thus,  If  the  atmosi)here  Is  at  60"  F, 
or  520"  abaoiule,  and  the  compressed  air  is 
used  at  SOO*  F.  or  760*  F.  absolute,  then  tlie 
cold  air  volume  for  your  work  may  be  taken  at 
the  ratio  of  520/760,  or  about  70%,  thus  mak- 
ins  a  Mvlng  of  Z0%. 


EXHAUST  STEAM  TURBINES 

00NI»N8n>  FROU  JMtlOUBS  IN  "THB  KtOlNKBlt.:'  LONDON 


The-  system  of  developing  power  by  utiliz- 
ing the  t  xhaust  from  steam  engines  in  low- 
pressure  turbiues,  invented  by  Professor  Ra- 
teau.  about  the  year  1900,  is  the  only  ono  of 
Its  kind  which  has  hitherto  been  applied,  and 
by  its  means  the  etUcieucy  of  steam  ougines  can 
be  greatly  Increased.  M.  Ratcaa's  original  idea 
was  to  turn  to  profitable  account  the  Immense 
quantities  of  steam  escaping  to  waste  into  the 
atmosiAeret  from  large  mines  and  factories, 
and  from  which  it  seemed  to  him  possible  to 
obtain  considerable  additional  motive  power. 
For  tlila,  bovrever,  an  engine  In  which  low- 
pressure  steam  could  be  efficiently  utilized  was 
essential,  and  until  the  introduction  of  steam 
turbtnee  auch  an  engine  did  not  exist.  An- 
other iillTlcuIty  was  that  the  main  engines  in 
steel  works  and  mines,  which  have  the  largest 
conaumptlon  of  steam,  are  worked  intermit- 
tently, and  somr  riioanK  of  ri'^^ulatlng  the  flow 
Of  exhaust  steam  was  therefore  an  indispensa- 
ble condition  of  suocess. 

lu  the  course  of  his  studlt-s  M.  Ratcau,  hav- 
ing been  led  seven  years  ago  to  design  a 
steam  turbine  capable  of  giving  a  very  hi|^ 
efRcit  ncy,  proceeded  to  embody  his  inventions 
in  an  experimental  plant,  at  the  Brouay  mines 
in  August,  1002.  The  applleatlons  o(  his  method 
have  since  increased  year  by  year,  and  In  Oc- 
tober, 1907,  80  Installations  were  at  work,  or 
In  course  of  oonstructton.  The  total  power 
thus  utilized,  and  formerly  wasted,  amounts  to 
70,000  HP. 

The  non-condenaing  engines  generally  need 
In  mines  and  steel  work.s  operate  at  a  steam 
pressure  of  about  118  lbs.  per  sq.  in.,  and  the 
theoretical  conramption  of  steam  per  hour  is 
10.T  lbs.  per  HP.  It  the  engine  exhausts  into 


a  condenser  in  which  the  absolute  pressure  is 
1.6  lbs.  per  sq.  in.,  the  theoretical  steam  con- 
sumption equals  10.8  Iba.  per  HP.-hour. 

According  to  these  flgurea.  the  economy  in 
the  consumption  of  the  engine  obtained  by 
thus  condensing  the  steam  should  be  46%,  but 
it  is  well  known  that  In  practice  it  Is  scarcely 
ever  2r»':; ,  and  does  not  on  an  average  exceed 
lo'/i,:  this  considerable  difference  shows  that 
when  reciprocating  engines  are  worked  with 
low-pressure  steam  there  are  heavy  losses, 
which  do  not  occur  with  high-pressure  steam. 

It  is  also  well  known  that  with  low-pressure 
steam  only  a  relatively  small  part  of  the  expan- 
sive force  of  the  steam  can  be  utilized.  How- 
ever large  the  cylinder,  it  is  never  large  enough 
In  prnrtlee  to  allow  (xpanslon  to  be  complete, 
and  even  if  it  were  possible  to  make  it  of  the 
necessary  dimensions,  it  would  still  only  give 
a  relatively  poor  efTlrioney.  If.  however.  In- 
stead of  a  reciprocating  engine  a  turbine  be 
used,  the  working  conditions  are  altered,  be- 
rause  low-|iressu re  steam  can  b(>  rompletety  ex- 
panded, and  the  vacuum  formed  in  even  the 
best  condensers  utilised  to  the  best  advantage. 

With  the  conslderalile  i\\n-i-;\  of  discharge  in 
these  engines,  and  the  immense  outlet  capacity 
resulting  from  it.  It  is  quite  possible  to  have 
a  turlihie  utlli/.iuK  a  flow  of  many  thousand 
oounds  of  low-pressure  steam,  and  yet  retain 
its  dimensions  within  moderate  limits. 

On  the  other  hand,  the  lowrr  the  pressure 
of  the  steam,  the  higher  the  efllciency  of  the 
turbine,  because  the  lossetf  due  to  friction  of 
the  wheels  In  the  steam,  and  leakage  through 
the  Joints  between  the  fixed  and  the  rotary 
parts  are  diminished.  These  two  sources  of 
loss  being  sensibly  In  proportion  to  the  speelfle 
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w«lght  of  tbe  fluid,  the  larger  the  epedfle  vol- 

nmp  of  thn  latter,  the  sranllf  r  will  they  be. 

In  successively  utilizing  a  reciprocating  en- 
gine and  a  turbine,  the  object  being  to  expand 
the  steam  as  completely  as  possible  from  one 
end  of  the  engine  to  the  other,  we  shall  base 
our  ealeolatlone  on  the  iMSt  working  condi- 
tions, while  keeping  within  the  limits  of  mod- 
em every-day  practice,  and  take  a  compound 
or  a  trlple^xpanslon  redproeatlng  engine, 
working  at  a  high  admission  pressure  of  235 
lbs.  per  sq.  in.,  in  a  good  vacuum  of  969e,  and 
steam  superheated  to  a  temperature  of 
C  (e.t-W)"  F  ).  The  corresponding  theoretical 
steam  consumption  will  be  &.S  Ibe.  per  HP.- 
hour. 

In  the  first  case,  with  non-su[)erheated  steam 
to  a  non-condensing  engine,  the  coefficient  ot 
beat  ntlllxatlon  is  26.4%.  and  In  the  second, 
usiiiK  >jiiperheate(l  sfearti,  the  roefHeieiit  Is  SS'^f. 

Assuming  that  tbe  efficiency  of  a  bigh-pre&s- 
ure  redprocatlng  engine  and  a  low-presanre 
turbine  1 1.  e..  the  ratio  of  work  at  the  end  of 
tbe  crank  abaft  to  tbeoretlcal  work)  does  not 
exceed  79%,  It  la  possible  under  these  eon- 
ditions  to  utilize  0.33  x  0.76%  25%  of  the 
heat  contained  in  tbe  water. 

Thla  result  compares  faTorablf  with  that  ob- 
tained in  gas  engines;  the  torresponding  con- 
sumption of  steam  would  be  7.7  lbs.  per  B. 
HP.-hour.  (Note  that  if  an  efficiency  of  SWc 
!)•■  credited  to  the  engines,  which  is  not  at 
all  impossible,  the  consumption  of  steam 
would  be  only  6.93  lbs.  per  B.  HP.-hour.  A 
further  economy  can  be  realized  if  there  is  an 
exchange  of  heat  between  the  exhaust  steam 
and  the  feed-water  to  the  boilers,  and  a  gain  of 
about  8%  may  thus  be  effected.) 

This  is  almoBt  exartly  tlie  same  result  as  Is 
given  by  tbe  besl  gas  and  uil  eiigiiie«.  and  it 
Is  obtained  without  departing  from  worfclas 

rnndlflnns  easily  realized  in  the  present  State 
of  our  mechanical  knowledge. 

Speaking  generally,  therefore,  we  have 
shown  th.Tt  the  hept  restilts  can  be  attained  by 
a  combination  ot  high-pressure  reciprocating 
engines  and  low-presaore  turbines.  This  Is  the 
solution  of  the  problem  nff.^red  by  M.  Rnteau, 
and  it  is  tbe  logical  80<iuence  of  bis  endeavors 
to  utlllxe  exhaust  steam. 

Accumulators. — The  apparatus  by  which  the 
flow  of  exhaust  steam  from  the  primary  en- 
gines Is  regulated,  and  which  thus  oonstltntea 
the  e-srnfial  .in  l  characterlstfe  fe.atnre  of  the 
Katcau  system,  is  tbe  regenerate  steam  ac- 
cumulator. Ita  prtndple  Is  based  on  the  use  of 
a  vessel  eontalnlns  metals.  Uaulda,  or  anr  other 


subatanoea  Intended  to  act  aa  a  atore  or  lly« 

wheel  of  heat.  In  this  vessel  the  steam  accum- 
ulates and  condenses;  if  it  enters  In  large 
quantltlea,  the  temperature  and  prsosure  In  the 
accumulator  rise  siniultaueously.  When  fhe 
exhaust  from  tbe  primary  engine  is  reduced  or 
wholly  fflieeked,  steam  Is  re-evaporated  In  the 
acrumiilator,  because  the  constant  drain  to  the 
turbine  tends  to  lower  the  pressure,  and  there- 
fore the  temperature.  The  agent  of  this  re- 
evaporation  Is  the  heat  absorbed  during  the 
flrat  period  of  admission  of  the  steam  by  tbe 
metal  or  liquid  conductor  In  the  accumulator. 
In  iiractice  the  fluctuations  of  temperature  are 
generally  reduced  to  2  to  4°  C.  3  to  5"  F.), 
corresponding  to  a  variation  In  the  pressure  of 
1.6  to  J  lbs.  per  sq.  in. 

This  regenerative  accumulator  consists  of  a 
vertical  Iron  cylinder,  In  which  shanow  caat 
iron  plates  filled  with  water  are  arranged  one 
above  the  otber.  the  steam  circulating  between 
them.  Less  costly  accumulators  have  since  been 
introduced,  and  the  plates  replaced  by  scrap 
iron,  and  especially  by  disused  iron  rails.  But 
the  best  system,  and  almost  the  only  one  now 
in  use,  is  the  water  accumulator,  comprising  a 
horizontal  boiler  filled  with  water,  through  the* 
center  of  which  large  horizontal  pipes  pierced 
with  a  number  of  boles  are  carried.  The  steam 
entering  the  pipes  penetrates  to  the  water 
through  these  openings  in  such  a  w^ay  that  an 
active  drculation  is  set  up,  and  almost  the  en- 
tire masf  of  water  thus  becomes  an  agent  for 
absorbing  and  rei'uuding  heat. 

According  to  the  lateat  published  results  Oft 
the  ronj^iimptlon  of  steam  in  electrically  driven 
winding  euglnes,  the  mean  expenditure  of  coal 
In  electric  motors,  if  fed  with  hlgh-presaure 
superheated  steam,  is  11)^;.  per  honr  per  B. 
HP.  This,  which  represents  the  average  for 
twenty-four  hours,  may,  according  to  circum- 
stances, vary  from  2g.5  Iba.  to  31^.7  Iba.,  and 
eveu  more. 

A  better  result  can  easily  be  obtained  by 

com  poll ndlnsr  reriproraf  Inp  engines  and  tur- 
bines. We  take  first  the  case  of  an  old  single- 
cylinder  winding  engine,  without  variable  cut* 
off,  and  ma.v  put  tbe  consumption  of  steam  in 
!;uch  an  engine  at  110  lbs.  per.  B.  HP.  hour. 
Taking  into  account  the  losses  by  condensatioii, 

whirh  amoiinf  to  about  1."'^,  we  thus  get  for 
every  110  lbs.  of  steam  used  93.7  lbs.  of  ex- 
haust steam:  If  this  be  utilised  In  a  low^prsss^ 
ure  turbine  rpqiilrlne;,  pay,  2C^.'>  lbs.  of  exhaust 
steam  per  B.  HP.-hour,  it  will  develop  at  least 
S.6  HP.  additional  power.  Thus  the  total  power 
furnished  will  be  4.6  HP.^  tor  a  consumpttOB 
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per  liour  110  lbs.;  In  other  words,  the  con- 
aumptlon  lo  th«  combined  plant — raelprooattnc 

engine  and  turbine^WlU  be  24.24  lb*.  Ot  »teU|| 

per  B.  UP.-hour. 
A  Btlll  better  result  cen  be  obtelned  witb  a 

modern  plant — say.  a  good  compound  engine 
fed  with  superheated  steam  at  high  pressure. 
Taking  the  consumption  In  such  an  engine  at 
44  lbs.  of  steam  per  B.  HP.-hour,  and  calculat- 
ing as  before,  we  see  that  if  It  be  supplemented 
by  an  exhaust  steam  turbine  requiring  26.T} 
lbs.  of  steam  per  B.  HP.,  the  total  hourly  con- 
sumption of  the  plant  will  be  reduced  to  16.5 
lbs.  per  B.  HP.  These  figures  are,  of  course, 
only  approximate,  but  they  show  that  with  the 
Katcau  system  results  at  least  as  good  as  those 
yielded  by  any  other  method  can  be  arrived  at. 
Thla  luay  tie  seen  in  another,  ami  perll^^  Still 
more  striking  way,  hy  comparing  ihes«»  rpsnlts 
for  either  system  in  a  deOuiie  case.  Take,  for 
Instance,  an  engine  working  Intermittently,  and 
intended  to  develop  a  mean  of  500  HP.,  condi- 
tions which  especially  apply  to  a  reversing  roll- 
ing mill. 

n  >  Tf  a  compounfl  engine  be  considered, 
working  with  high-pressure  steam  slightly 
wtpei-heated,  and  discharging  to  atmosphere, 

Its  roTisnmption  of  steam  under  these  condi- 
tions may  be  taken  at  22,040  lbs.  or  44  lbs.  per 


B.  HP.-hour  (exceptionally  high  for  a  lirst- 
elasi  compound);  the  same  quantity,  22,040 

lbs.  of  exhaust  steam,  will  bo  available.  For 
ft  must  be  remembered  that  the  steam  being 
originally  superheated,  there  will  be  no  per> 
ceptlble  condensation  as  it  leaves  the  primary 
engine,  a  fact  which  has  been  verified,  partlcu- 
larly  at  the  Rosbach  steel  works.  IC  this  steam 
be  utilized  in  a  low-pressure  turbine  provided 
with  a  good  condenser.  It  will  furnish  about 
850  HP.  additional. 

(3)  In  an  •>lectrk  ally-driven  rolling  mill  an 
expenditure  of  13,224  lbs.  of  steam  Will,  a^ 
cording  to  the  latest  published  results,  be  re> 
(luired  to  produce  the  necessary  CM  HP.  Tak- 
ing the  same  working  conditions  as  before, 
there  will  be  an  available  surplus  of  8,816  lbs., 
producing  a  maximum  of  500  E.  HP.,  if  we  at- 
trihTitp  to  tlu^  ok-ctrio  eiisino  tlie  ;'ory  low  con- 
sumption ol'  145  lbs.  ptr  B.  HP.-hour,  say  20 
lbs.  per  kilowatt  per  hour.  Thus,  for  the  same 
expenditure  of  steam,  additional  power  to  the 
extent  of  SSO  HP.  in  the  one  case,  and  500  HP. 
In  the  other,  may  be  obtained.  This  alone 
shows  the  superior  efflrlency  in  heat  utilization 
of  the  Haieau  system,  and  the  important  econ- 
omy In  cost  of  construetton  must  alao  be  noted, 
Binri->  piprtrir  plants  for  reveralng  engines  are 
always  very  costly. 


MALLEABLE  CAST  IRON' 

Bf  W.  H.  HATFIELD 


Malleable  cast  iron  consists  of  castings  made 
by  melting  suitable  pig  iron  and  casting  it  Into 
the  required  forms,  which  castings  are,  of 
course,  annealed  iu  order  to  produce  the  re- 
quisite malleability.  The  finished  article,  if 
tinccfssftilly  maiiMfactuied.  pos-sossea  all  the 
advatituges  of  cast  iruu  in  that  the  low  melting 
point  of  the  pig  Iron  allows  the  most  Intricate 
and  difficult  castinij  to  bp  niarlo.  and  the^e 
castings  have  the  same  beautiful  skin  and  fin- 
ish for  which  cast  Iron  te  so  well  known.  Aa 
a  further  fact,  it  may  be  said  that  this  ma- 
terial is  practically  free  from  blow  holes,  the 
composition  of  It  emvrtng  the  perfect  occlusion 
of  thf  pa^es  which  in  a  afopl  capttng'  vory  often 
cauee  so  much  trouble.  As  regards  the  pbysi- 
cid  properties.  It  ta  malleable  and  ductile,  and 
Is  easy  to  work  In  the  machine  shop. 

•Fran  R  papsr  nsA  bstof*  tli«  InttUutios  ot  Bastsem 
sa4  gbtptulMus  la  fleotlaB4,  Marob  17,  1909. 


All  malleable  cast  iron  when  cusl  is  identi- 
cal in  analysla  with  some  variety  of  pig  iron. 
It  having  present  iu  Its  pompositlon  from  "% 
to  4'.1  of  combined  carbon,  which  glvtd  lo  it 
that  intense  hsrdneea  which  is  found  in  the 
unauneated  casting.  The  malleablizing  of  the 
material  is  done  either  by  the  oxidation  and 
elimination  of  the  carbon  or  by  predpttating 
it  Into  stirh  a  condition  that  It  does  not  militate 
against  the  production  of  the  qualities  desired. 

Certain  specUlc  conditions  are,  of  course, 
npr.>^~nry  for  the  production  of  this  material 
when  the  carbon  is  merely  changed  in  form, 
and  as  the  irons  from  which  the  malleable 
ra.stlnf^s  iu  this  country  and  Eiiropf*  are  made 
arc  generally  extremely  high  in  sulphur,  Qot 
being  able  to  change  the  form,  manufacturws 

111  thn  past  have  had  to  ollmlnato  tho  rarhon. 
Consequently  the  method  employed  is  that  of 
Rteumur,  vis.,  packing  the  castings  with  Iron 
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ore,  which  oxidizes  and  elimiuates  the  carbon 
to  such  an  extent  that  the  casting  has  attained 
that  eh'gree  of  malleublHty  which  Is  desirf>(l. 
the  fracture  of  such  casting  being  very  similar 
to  that  of  steel. 

The  malleable  castings  prodnred  !n  Amprlca 
are  of  the  black  heart  variety,  and  generally 
•peaking  tbe  Ameiican  procen  oonattts  of  pra- 
cipitating  thp  carbon  and  not  eliminating  It. 
These  are  castings  which,  in  the  hnished  state, 
liave  the  Mme  eompMltlon  as  pig  Iron, 
and  which  bend  doiihlr*  and  fulfil  the  most 
stringent  malleable  cast'iron  speciflcatlons. 
Owing  to  the  natnrat  reionrees  of  Amer- 
irn  producing  a  pure  Iron  with  very  little  sul- 
phur, the  secreta  of  the  manufacture  of  black 
heart  eastings  were  qutcklr  learned,  and  It  Is 
intcrrstlns  to  tracp  thp  rapid  growth  of  this 
industry  which  to-day  produces  from  700,000 
to  1,000.000  tons  of  malleable  castings  per 
year. 

All  malleable,  os  provioasly  stated,  consists 
of  east  Iron  of  suitable  con  position  annealed 
in  various  wayd  with  fho  iiPual  result  of  a  mal- 
leable product.  In  tbe  Reaumur  process  as  at 
present  conducted,  the  castings  are  of  such  a 
composition  that  to  r*  :ub  r  them  ma!b  :iMe  it 
is  required  to  eliminate  to  a  great  extent  tbe 
carbon  originally  present.  Most  of  the  mat- 
loa»>!i  castings  In  Europe  are  of  this  t\  pe.  The 
castings  are  packed  In  ca&t-ircn  boxes  In  bema- 
tlte  ore,  and  taken  to  a  heat  at  wbl^  the  ore 
commencea  reaction  With  the  carbon  in  the 
castings. 

This  action  is  tbe  converse  of  the  production 

of  steel  l>y  cementation,  in  which  process  the 
carboii  enters  from  the  outside  and  gradually 
permeates  the  whole  bar.  In  the  elimination 
of  the  carbon  exactly  the  contrary  takes  place, 
and  the  carbon  is  gradually  eliminated  from 
the  outside  first,  so  it  follows  that  the  interior 
of  one  of  these  castings  has  generally  consider- 
ably more  carbon  than  the  outside.  If  success- 
fully manufactured,  however,  the  carbon  In 
the  center  is  in  such  a  eOftdltion  as  not  to  mili- 
tate aRatnst  its  working  capabilities. 

As  to  tbo  actual  chemical  reaction  which 
takes  place  between  the  iron  ore  and  the  car- 
bon in  the  iron.  It  Is  not  at  vet  sufRciently  un- 
derstood. However,  it  Is  known  that  gases 
eaeilr  diffuse  through  metals  of  the  iron  group 
In  con.sldernble  qunntltfeB,  and  It  If  most  likely 
that  the  action  is  somewhat  dependent  on  the 
equation  CO,  -t  C  »  SCO.  Tn  other  words,  the 
oxygen  of  tlie  ore  oxirllzt""  fbp  flrrt  carbon  to 
CO^,  and  this  caroon  dioxide  possibly  combines 
With  more  carbon,  forming  CO.  which  in  itself 


receives  further  oxygen  from  tbe  iron  ore,  and 
so  what  might  be  called  catalytic  action  takes 
place  in  which  the  CO  is  tbe  carrier  of  the  oxy- 
gen from  the  ore  to  the  carbon  contained  In  the 
Interior  of  the  eastings.  SufA  explgiMtlim 
seems  as  Ukdy  as  tau  other  at  present  pat  for- 
ward. 

The  variety  of  malleahle  eastings  known 

American  black  heart  has  for  Its  essential  dis- 
tinction the  fact  that  tbe  castings  when  cast 
are  of  such  a  composition  that  the  carbon, 
which  previously  exists  as  combined  carbon,  Is 
by  annealing  completely  changed  to  that  con- 
dition of  carbon  known  as  annealing  cnrboa,  to 
which  i.e:ioinir,  the  Orrman  metallnrgtst,  gave 
the  name  of  temper  carbon. 

The  author.  In  May.  1907,  went  thoroughly 
Into  this  qiiPst'i-':  -  '■  T»:.'  chanije  of  the  earhon, 
in  a  paper  read  before  ihe  Iron  and  Steel  In- 
stitute, under  the  heading  "Decomposition 
of  Carbides."  Tn  the  hard  initial  cast- 
ings all  the  carbon  is  la  tbe  combined 
stale,  the  carbon  of  "aupersaturatlon"  being 
present  as  oarhide  Fe  C.  whilst  tbe  carbon  or 
"saturation"  is  present  as  a  compound  roughly 
equivalent  to  Fe„  4C.  The  castings  are  heated 

ni>  during,  fhe  aiineatinK  process  to  the  tem- 
perature required  (this,  of  course,  differs  with 
different  makers),  maintained  for  a  varying 
period  at  this  temperature,  and  are  then  eonjed. 
The  result  is  a  casting  in  which  tbe  carbides 
are  completely  broken  down  into  pure  carbon 
and  Iron. 

Reference  will  now  be  briefly  made  to 
wrought  iron,  which  Is  prepared  by  ellmtnattng 

In  the  plastic  condition,  by  means  of  oxides, 
the  cart>on  and  other  impurities  from  pig  iron. 
Tbe  result  Is  pure  Iron,  with  traces  of  sulphur, 
phosphorus,  manganese,  and  a  HuU  carbon, 
with  a  varying  proportion  of  slag,  the  slag 
being  mechanically  contained  in  the  iron. 
Wrought  Iron  of  the  best  make  Is  as  pure  as 
Iron  can  commercially  be  made,  and  everyone 
is  familiar  with  its  great  ductility  and  malleabil- 
ity. Apart  from  Iron,  the  only  content  of  this 
material  worth  considering  is  the  involved 
blag,  which,  during  the  rolling  out  of  tbe  iron, 
is  drawn  Into  threads  running  the  length  of  th» 
bar.  and  gives  to  wrought  Iron  that  peculiar 
lilirous  nature  of  the  fracture.  Of  course,  there 
Is  no  such  thing  really  as  liber  la  Iron  prodnets, 
as  they  are  all  crystalline 

It  is  obvious  that  this  slag  is  practically  of 
no  detriment  to  tbe  high  propertlen  of  wronglit 
iron.  WroM£?bt-frnn  forprlnps.  were  It  not  for 
their  high  cost,  are  unquestionably  excellent, 
and  In  working  upon  tbe  snbjeet  of  malleabt* 


MAT,  IMS, 


Digitized  by  Google 


THE  DRY  AIR  BLAST  513 

caBt  iron,  wrought-lron  forging  has  been  taken  stated  Is  not  entitled  to  a  much  higher  position 

u  a  basis,  aad  the  endeavor  has  been  made  to  in  the  metallurgical  world  tlian  it  is  given? 

produce  la  a  malleable  casting  a  stmcture  aa  And  the  author  wonld  venture  to  auggest  that 

similar  as  poBsible.  the  "Nomenclature"  Committee  gave  malleable 

The  maximum  street  in  wrought  iron  is  ap-  cast  iron  undeservedly  short  shrift  when  thejr 

proximately  20  tons  to  21  tons  per  square  inch,  stated  that  ft  merely  lacked  "the  extreme  brlt> 

and  its  elongation  will  vary  from  20%  to  30%.  tieness  of  cast  Iron." 

Now,  if  this  is  compared  with  recently  pub-  The  demand  for  malleable  in  this  country  as 

tiahed  tests  of  malleable  cast  iron,  viz.,  about  compared  with  that  of  the  United  States  gives 

20  tons  tensile  strength  -with  T  :  to  6%  olonga-  food  for  thought.    The  Americans  are  said  to 

tlon,  it  will  he  noticed  that  there  remains  con-  be  producing  over  90%  of  the  world's  produc- 

slderable  scope  for  improvement  in  the  last-  tion,  Europe  only  producing  the  remaining  10%. 

mentioned  product.  Here  In  this  country,  a  material  giving  tests 

Working  on  these  lines,  bars  have  been  pro-  considerably  superior  to  those  obtained  In  the 

duced  giving  a  tensile  strength  of  23  tons  along  States  is  produced,  and  yet  this  gelf-same  ma- 

Wlth  19%  elongation,  29.9%  reduction  of  area,  terial  is  excluded  from  any  iniri)ose-;  for  which 

along  with  ISO"  bfndlnp:  anprle.  Such  material  in  tht>  States  It  would  be  allowed  to  be  used, 

which  is,  o[  course,  a  casting  aud  not  a  forgiug  The  tollowing  table  gives  the  comparative  re- 

— is.  one  might  almost  say,  a  new  product,  suits  which  are  now  being  obtained: 

The  old  tests  for  malleable  cast  iron  have  been  Max.  R-^- 

left  far  behind,  and  a  material  has  been  pro-  ToDsp«r  tlon.  otArea,  ing 

duced  which  haa  before  It  a  muCfa  greater  field  ^^^^  j^^^  *  * 

than  the  original  malleable  rn5?t  Irons.  01,1     Procoss  Malleable 

These  special  castings  are  very  similar  in  xm^i^-i^rmkck'n^in.'.'.     10        5        6  »o» 

atructure  to  wrought  iron.  MtcrosooDlcally  they  '     Maiienbie  (Meadow 

ai^ut,i.ur«  ■»  wroueui*  wvu.  «H.nniv»viui       uiiijr         Hull  iroD  Worksj   23        14        17  180' 

<Dn!^!st  of  ferrite,  which  Is  pure  iron,  with  free  British  Adalrsltr  StMciO- 

carbon  in  such  a  form  as  will  be  obvious  by  the  y**"  ' ^       ****  •• 

resttlta  obtained  to  be  Mttle  more  detrimental  *>>>  3  ins.    tovor  n  i-in.  ndjui. 

than  the  slag  whieh  fs  found  !n  wrought  iron;  It  will  be  noticed  that  In  the  special  malle- 

in  fact,  samples  of  wrought  iron  have  been  met  able,  maximum  stress  is  very  high,  while  the 

with  which  have  not  given  much  better  results  dfcltltty  much  aurpaisea  that  of  any  other  mal- 

thnn  the  tests  snbmtttetl  In  this  paper.    Tt  will  leable  east  iron.    One  obvious  feature  will  be 

be  well  to  conclude  by  asking  whether  malle-  the  ease  with  which  this  material  passes  Ad- 

ahle  caat  Iron  with  the  properties  and  tests  as  miralty  requirements. 


THE  DRY  AIR  BLAST* 

By  JOHN  J.  PORTER 


Tlie  dry  air  blast  process,  tlie  invention  of 
which  by  James  Uayley,  vice  president  of  the 
ITntted  States  Steel  Corporation,  will  probably 
prove  to  be  the  most  important  advance  in  the 
direct  economy  of  the  blast  furnace  of  the 
century,  while  In  addtttdo  It  has  opened  our 
eyes  to  a  magnificent  vista  of  theoretical  poasl- 
hUities. 

It  has  long  been  httown  that  the  moteture  in 

the  air  blown  into  the  furnace  was  a  source  of 
loss,  this  moisture  being  decomposed  at  the 
temperature  of  the  heat  into  hydrogen  and 

'From  a  p&P«r  r«a4  More  tb«  Cladonati  •ecUon  o( 
ttM  AnMrtgan  CiMUlesI  Soolety,  Oet.  IT.  1007. 


ox > Ron.  witli  a  resulting  absorption  of  heat. 
This  heat  loss,  as  shown  by  calculation, 
amounts  to  a  very  small  proportion  of  the 
whole  and  has  always  been  considered  by  met- 
allurgists aa  relatively  unimportant,  so  tliat  it 
remained  tor  Mr.  Oayley  to  aetuallv-  try  the 
experiment  on  tl:<'  large  scale. 

At  the  Isabella  furnace  in  Pittsburg  he  in- 
Stalled  a  refrigerating  apparatus  through  which 
all  the  air  pumped  by  the  blowing  engines  first 
passed.  The  moisture  was  here  deposited  as 
frost,  and  the  air  going  into  the  furnace  con- 
tained only  a  very  small  and  practically  con- 
stant residue  of  moisture.  Aa  about  four  tons 
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of  air  wero  required  per  ton  of  Iron  made,  and 
AS  it  was  necessary  to  provide  for  a  pruductioo 
Of  St  leut  400  tons  per  day,  It  can  nadlly  b« 
seen  that  this  was  a  large  and  expensive  experi- 
ment, and  one  only  possible  to  a  person,  who, 
like  Mr.  Gayley,  commands  tb«  reaouroea  oC  a 
wealthy  corporation. 

The  results  obtained  by  this  process  were 
masntflcent.  and  far  surpaafled  anytlilns  wbfeb 
could  have  been  rpasonahlv  exprrtrd.  In  place 
of  the  saving  in  fuel  which  some  metallur- 
giata  bad  calcnlated,  a  aavlnv  of  20%  was  made, 
while  at  the  same  time  the  output  was  In- 
creased about  20%  and  some  minor  economies 
were  manifested. 

These  results  were  pabllshed  by  Mr.  Gayley 
in  1904  and  were  explained  by  him  as  being 
principally  due  to  the  eonatsney  In  tbe  amount 
of  moisture  rendering  the  working  of  the  fur- 
nace more  uniform  and  requiring  the  carrying 
Of  leail  reierre  beat  In  tbe  beartb.  Tbey.  of 
course,  attracted  wide  attention,  hnl  his  ex- 
planations were  by  no  means  entirely  satlsfac- 
ory  to  tbe  metallurglcsl  world,  and  In  tbe  dte- 
rus.'^ion  that  followed  they  were  severely  at- 
tacked. Indeed,  some  of  our  German  friends 
even  went  ao  far  as  to  Insinuate  more  or  leaa 
directly  that  the  results  were  impossible,  and 
that  therefore  must  have  been  doctored.  How- 
ever, In  tbe  following  year  J.  B.  Jobnaon,  Jr..  a 
furnace  superintendent  of  Longdale,  Vn., 
worked  out  what  is  undoubtedly  the  true  ex- 
planation of  the  process,  and  at  tbe  same  time 
proiiounded  a  new  theory  of  the  heat  require- 
ments of  the  blast  furnace  which  has  at  one 
stroke  placed  the  smelting  of  iron  on  a  sound 
theoretical  basis.  This  tlieory  ha-s  sinee  been 
elaborated  by  Prof.  H.  M.  Howe,  of  Columbia 
University,  and  the  net  results  may  be  said  to 
be  acarcely  less  important  than  the  oriKinal 
invention  of  Gayley;  since  by  this  theory  all  of 
the  means  of  attaining  fuel  economy  are  clearly 
pointed  out,  and  furnace  practice  Is  remored 
from  tbe  empirical  and  placed  on  an  exact 
basis. 

Tbls  principle,  which  may  he  called  the  the- 
ory of  critical  temperatures,  when  reduced  to 
its  simplest  terms  may  be  stated  as  follows:  In 
many  heating  operations  there  takes  place  &t 

some  definite  temrf"rnriirf>  n  hc.nt  nhsorhinp:  re- 
action or  change  of  state.  The  minimum  tem- 
perature at  which  tbto  can  occur  la  termed  tbe 
■'critical  temperature,"  and  it  is  only  the  heat 
units  delivere<l  at  or  above  this  point  which 
can  be  utilited. 

As  the  clear  uiKlorptandlni:  of  this  principle 
is  essential  in  our  following  discussion  of  fuel 


econoink-8.  I  will  elaborate  somewhat,  and  bor- 
row a  few  illustrations  from  Frof.  Howe's  moat 
lucid  discussion.  Cotttlnuotts  beating  sppsrs* 
tus  In  which  the  heat  Is  derived  from  heated 
gases  may  be  divided  into  two  classes;  those 
wblcb  have  and  those  whlcb  bavs  not  a  erltl- 
cfll  temperature,  at  and  above  which  more  heat 
Is  needed  than  at  the  average  of  the  tempera- 
tures below  It.  If  there  Is  no  critical  tempsr- 
atnre  then  It  suffices  that  there  shall  be  some 
margin  between  that  initial  temperature  of 
the  heating  gaaea  and  tbe  tempemture  to 
which  the  objects  are  to  be  heated,  and  the 
breadth  of  tbls  margin  is  of  secondary  lmpor< 
tanoe.  If.  on  tbe  other  band,  there  to  a  erttlcal 

temperattire  then  the  margin  must  be  at  least 
as  great  as  called  for  by  tbe  proportion. 
(Ti — ^T.) :  T. : :  H. :  Hk.  or 

T,    T.  d— n.  -ri,,), 

where  Te  ^  critical  temperature,  Ti  =  initial 
temperature  of  beating  gasea  (In  moat  cases  tbs 

frniperature  of  combustion);  TIr  -  heat  to  be 
supplied  above  the  critical  temperature,  H*  — 
heat  to  bring  the  body  to  that  temperatdre. 

Take  the  case  of  water  as  an  example.  If  it 
is  desired  only  to  heat  it  to  100"  C.  without 
boiling  It  then  tbe  operation  belongs  to  tbo 
first  class;  the  beatinK  gases  may  he  HUpiilied 
at  only  the  narrowest  possible  margin  above 
100*  C,  and  yet  by  proper  contact  they  may 
I»e  made  to  give  up  all  of  their  heat  to  the 
water,  so  tbat  a  theoretically  perfect  heat  util- 
ization Is  obtained.  If.  bowoTer.  It  Is  dealred 
to  boll  the  water  the  case  is  different.  Not  only 
must  we  supply  100  calories  per  gram  to  heat 
it  up  to  100°  C,  hut  we  must  also  supply  5SS 
calories  at  a  temperature  above  100'  in  order 
to  convert  tbe  hot  water  into  steam  at  tbe  same 
temperature.  Please  note  particularly  that  the 
i  M'.  calories  must  be  supplied  at  a  temperature 
above  100°,  for  this  is  the  important  point,  and 
it  is  quite  evident  that  it  would  not  avail  for 
the  purpose  of  boiling  to  supply  an  inflnlts 
number  of  calories  at  any  lower  temperature. 
Of  course,  the  obtaining  of  this  large  amount  of 
heat  at  a  temperature  abore  100°  C,  necessi- 
tates a  high  initial  tempersttire  of  the  heating 
gases  if  we  are  to  have  cHirient  utiiixatloo  of 
our  beat.   A  concrete  example  will  maks  thte 

p'aln 

Suppose  for  simplicity  that  the  heating  gasea 
as  well  as  tbe  beater  have  a  apeellle  beat  of  1* 

Then  if  thf»v  he  s'upplied  at  101°  C.,  the  heat 
available  for  boiling  will  be  101  —  100,  or  1 
calorie  per  gram  of  gaaea.   Wherefore  It  will 

re^Mlre  for  bolHnc:  one  pram  of  water.  536 
uTuias  of  gases.    The  total  heat  contained  in 
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tbese  will  be  ii^ia  ■  101  or  ri4,136  calories,  and 
M  it  only  requires  100    536  or  636  calories  to 

686 

twll  tHe  wAteTr  ve  are  only  utilising  

S4.136 

X  100,  or  1.17%  of  onr  heat.  If,  on  the  otber 
Land,  we  supply  the  gases  at  636'  C,  then  the 
beat  available  for  boiling  will  be  636  —  100. 
or  536  calories  per  gram.  Only  one  gram  of 
ga»  oonUdnlBS  6S6  ealorlea  wUl  be  nQUind, 

636 

and  our  heat  efficiency  will  be  x  100,  or 

686 

100%.  In  addition  it  is  evident  that  at  any 
temperature  above  636  our  gases  can  perfectly 
uUlize  their  heat. 

Returning  to  the  specific  case  of  the  blast 
furnace,  it  is  evident  that  we  have  here  an  op- 
eration involving  a  critical  temperature,  or  In 
fact  several  critical  temperatures,  the  chief  of 
which  come  at  the  melting  points  of  iron  and 
slag.  As  these  points  are  not  so  very  far  apart. 
It  is  sufficiently  accurate  for  most  purposes  to 
consider  only  a  sinRle  critical  point,  which  is 
placed  by  Mr.  Johnsou  at  the  free  running  tem- 
perature of  the  slag,  or  under  aTerage  condi- 
tions at  about  1.500°  C. 

Applying  our  previous  reasouiug  we  luuHt 
have  for  maximum  eSetency:  Heat  available 
above  Tf  equal  to  or  ^rcattr  than  heat  needed 
above  Tc.  In  other  words,  to  increase  the  ef- 
fldenqr,  we  can  increase  the  heat  supplied,  or 
decrease  the  beat  needed  ahove  the  critical 


temperature.  Now  the  drying  of  the  blast  acts 
la  both  ways.  The  heat  needed  ia  decreased 
because  there  la  no  moisture  to  be  decomposed 
into  hydrogen  and  oxygen,  a  heat  absorbing  re> 
action  which  only  takes  place  at  high  temper- 
atures, while  In  addition  the  temperature  of 
c-unibustlon,  Ti,  and  therefore  neceasnriiy  tbe 
heat  supplied  is  considerably  increased. 

This  latter  assertion  I  can  perhaps  make 
somewhat  more  clear.  We  have  heat  supplied 
=  (Ti  —  Tr)  X  weight  Of  gases  x  speeUle  heat 
of  gases.  But 

astlMMt  Smiopsd  br  tsaetlSMS 

Ti    =  ^— ^— — — — — ^— ^— 
weight  o(  gases  x  speclflc  heat  of  fasM, 

and  substituting  this  in  the  flrst  equation  we 
have: 

Heat  supplied  —  Net  heat  of  reactions  —  (Te  x 
weight  of  gases  x  specific  heat).  Now  the  net 
heat  developed  by  the  reactions  is  equal  to  the 
heat  of  combustion  of  the  fuel  less  the  heat  tXh 
eorbed  by  the  decomposition  of  the  moisture^ 
wherefore  the  source  of  our  saving  is  evident. 

Finally,  to  summarize,  the  dry  blast  widens 
the  margin  betwcpn  the  tcmperatwro  of  combl- 
natiou  and  the  critical  teuiperature,  and  there- 
fore produces  an  increase  in  efficiency  measured 
by  the  increase  in  the  heat  delivAr<"!  rxbove  the 
critical  temperature,  ruther  than  by  the  in- 
crease in  total  heat  supplied.  The  case  is  per- 
fectly annlosous  to  the  fact  that  \t  pases  which 
are  to  boil  water  be  raised  from  101^  to  105" 
C,  or  by  only  4%,  the  heat  theoretically  avails 
able  for  this  purpose  is  increased  by  some  4009k 


THE  MANUFACTURE  OF  CONCRETE  BRICK 
FROM  BLASTJ^URNACE  SLAG* 

By  JOSIAH  BUT1.£R.  M.IM.E. 


The  important  question  of  the  utilization  of 
the  waste  material  produced  by  blast  and  other 
furnaces  has  seriously  occupied  the  considera- 
tion of  exi)erts  fur  some  time  past,  and  this 
paper  deals  briefly  with  a  method  of  utilizing 
this  waste  material  proiUably.  We  have  first 
to  consider  the  fact  that  all  slag  made  by  cue 
present  blast  fvirnacee  costs  from  S  to  1 2  cts. 
per  ton  of  Iron  produced  to  convey  It  to  the 

'From  a  paper  read  before  the  SiARord«hlre  Iron  and 
8tMl  iDtttlut*.  Dttdtor.  Bss>.  Jan.  IS,  1808. 


slag  dump,  this  cost  not  including  any  rental 
on  the  dumping  ground.  In  a  furnace  produc- 
ing 800  to  1,000  tons  per  week,  the  cost  of  re- 
moving the  Slag  only  would  be  $6,000  per  an- 
num. On  account  of  the  largo  amount  of  lime 
and  silica  contained  therein,  blast  furnace  slag 
is  a  most  valuable  brick  making  material. 

Instead  of  removinc:  the  slag  to  the  dump, 
that  by  ruuuing  It  in  its  molten  state  into 
water,  and  there  granulating  it,  a  first-dass 
brick  making  material  is  available.  The  ezcesa 
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Iini(>  in  the  slag  causfs  it  to  Rranulate  easily  in 
direct  contact  with  water,  which  converts  all 
free  lime  Into  a  fixed  state,  and  at  the  lame 
lime  eliminatee  all  free  sulphur  from  the  slag. 
The  ease  with  which  the  slag  is  granulated 
saves  considerable  expense,  no  grinding  belns 
necessary  as  with  other  slag  and  dust  destruc- 
tor refuse.  A  great  number  of  plants  are  in 
nctive  operation  on  the  continent  manufaetur- 
iog  brick  from  blast  furnace  slag. 

In  1904,  a  small  plant  was  erected  at  the 
Landorc  Works  of  Messrs.  Baldwins,  Ltd.,  ca- 
pable of  producing  nbont  8.000  bricks  per  dftjr 
of  nine  hours,  as  an  experiment. 

The  brick  produced  by  this  experimental 
plant  has  proven  so  satisfactory  us  a  hulldinc 
niaforial  that  a  mu^h  larger  plant  has  been  con- 
structed at  the  Landore  Works  on  the  German 
principle,  with  a  dalljr  output  up  to  46,D00 
brick. 

The  granulating  i»  dune  by  running  the 
molten  slag  into  a  bosh  of  water  about  six 
timrs  the  volume  of  the  slag.  The  back-water 
from  the  furnace,  tuyeres  and  coolers  is  used 
tor  this  purpose.  Hie  exoesslTe  quantity  of 
lime  fonfaltipfl  In  the  slag  causes  it  to  split  up 
immediately  upon  contact  with  the  water  and 
all  trace  of  unspent  and  tvBB  lime  is  entirely 
eliminated  from  thf  slnp.  The  frof»  sulphur  at 
the  same  time  Is  carried  off  by  the  great  volume 
of  steam  generated  In  consequence  of  the  in- 
tense heat  of  the  molten  slag  falling  into  thr> 
water.  The  slag  being  thus  granulated,  is 
flushed  down  a  culvert  Into  a  receiving  dump 
at  the  bottom  of  nn  clnvator  orfctot!  at  some 
distance  from  the  blast  furnace,  which  conveys 
It  to  a  number  of  heavy  squeeslng  rollers  which 
separate  the  wat^r  from  It  and  crushes  any 
coarse  particles  of  slag  existing.  After  passing 
through  these  squeeslng  rolls.  It  drops  into  a 
hopper  trti'k  which  (otiveys  It  to  stock  tnittlt- 
ers  at  the  brick  worlus. 

For  the  manufacture  of  brick  from  btast-fur^ 
nace  slag,  whit*-  lime  cnntalning  no  niort'  than 
one-half  of  one  per  cent,  of  magnesia  has  been 
found  to  be  the  most  satisfactory.  The  lime 
in  the  unslacked  state  is  put  through  an  ordin- 
ary Jaw  crusher  and  ground  In  a  ball  mill  to 
pass  through  a  mesh  of  about  8,000  per  sq.  in. 
The  Hlag  and  unslacked  lime  in  their  proper 
proportions  <'j:>  to  939'r  granulated  slag  and  6 
to  1%  lime)  are  taken  to  the  top  of  the  build- 
ing and  conveyed  to  a  silo,  capable  of  holding 
enough  material  to  make  1,000  brick.  The 
silo  when  filled  Is  dropped  Into  a  preparing  ma- 
chine with  a  steam-janketod  chamber  and  con- 
taining pulverizing  blades  working  on  the  prin- 


ciltlo  of  a  Root's  blower.  The  heat  generated 
from  the  steam-Jacketed  chamber  sets  up  the 
reaction  of  the  hot  lime,  which  produces  In  thn 
brick  at  this  stage  sufllcieut  hardness  to  en- 
able It  to  be  handled  satisfactorily  by  the  oper- 
ators of  the  brick  preM  and  hardening  cham- 
bers. After  the  mixture  has  been  thoroughly 
worked  (about  25  minutes)  and  the  lime  suf- 
ficiently Incorporated  Into  the  granulated  stag, 
the  mixture  is  let  out  on  the  first  floor  above, 
and  there  served  to  the  machines  as  required. 
After  being  pressed  into  their  requisite  shapes 
and  sizes,  the  brick  are  placed  in  flat-topped 
trolleys,  holding  about  700  to  900,  and  takeu 
to  ihe  steaming  chambers,  where  they  are  al- 
lowed to  remain  for  12  hours. 

After  the  steam  is  turned  off  and  blown  as 
far  as  possible  into  the  next  chamber,  which 
should  by  this  time  be  ready  to  receive  it,  the 
brick  are  taken  out  and  loaded  into  trucks 
ready  lor  use.  It  is  tound  thai  at  this  stage 
they  are  sufllclently  hard  to  endure  rough 
handling,  the  steam  In  the  chambers  having 
started  the  reaction  in  the  lime  in  a  very  rapid 
manner,  enabling  the  brick  to  be  used  on  con- 
struction work  as  aoon  as  th^  are  cold  onoagli 
to  be  bandied. 

Blast-furnace  stag  Is  necessarily  somewhat 
uniform  In  qnalUy,  as  otherwise  the  quality  of 
the  iron  would  be  affected.  Therefore,  if  the 
quality  of  the  Iron  be  right,  which,  of  course, 
1b  the  flrpt  ntijnct  of  the  blast  furnace.  It  neres- 
sarily  follows  that  the  resultant  slag  will  be 
of  a  gray  color  and  suitable  for  grannlattng. 
In  the  event  of  a  furnane  turtilnf;  out  black 
slag,  it  is  better  to  remove  it  to  the 
dump,  rather  than  have  varying  colors  In  the 
brick. 

The  amount  of  slag  required  in  the  granu- 
lated form  is  about  three  tons  per  1,000  brick. 

The  lime  employed  must  be.  as  far  a.'^  possible, 
a  pure,  fat,  while  lime,  and  must  necessarily 
contain  in  the  slacked  condition  as  high  a  per- 

rentage  of  oxiiln  <>f  calciuin  as  It  is  possible  to 
obtain.  This  should  certainly  not  be  under 
9t^r.  The  admixture  of  clay  or  magnesia, 
which  Is  supoKi'ij  to  impart  Ko-eallcd  hyilrauHc 
properties  to  the  lime,  is  detrimental,  and  any 
appreciable  quantities  of  such  mixtures  will 
make  the  lime  unworkable. 

In  reference  to  the  slacking  of  the  lime  we 
must  dtettnsnilsta  between  two  methods.  1.  The 
slaking  of  lime  alone  without  the  presence  of 
granulated  or  ground  slag.  2.  The  slacking  of 
the  lime  simultaneously  with  the  mixing  of  the 
slag.  In  the  flrst  method  many  advantages 
which  alone  are  offered  in  the  latter  method. 
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are  entirely  lost.  One  point  that  has  an  Im- 
porUiBt  InflaenM  on  tb«  compoatttoB  of  a  ralt- 

able  molding  material,  Is  the  conversion  ot 
burnt  llmo  into  hydrate  of  lime,  whlcb  takes 
place  bjr  100  parts  ot  bornt  llmo  alworbins  32 
parts  of  Its  wolgbt  of  watxr,  which  combines 
chemically  with  the  lime,  generating  consider- 
able heat.  The  author,  therefore,  oonteada  that 
the  proroBS  in  which  nnslacked  lime  Ifl  used  for 
the  purpose  of  mixing  with  granulated  or 
ground  slag,  le  much  more  saltable  In  all  caaeB 
where  the  granulated  slap  carries  a  certain 
amount  of  water  or  moisture.    The  moisture, 


however,  should  not  exceed  10  per  cent,  in  the 
prooeee  under  eonsldoratlon. 

The  crushing  strrnpth  of  these  brick  la  up- 
wards of  2,200  lbs.  per  eq.  in.  when  not  less 
than  nine  montba  old.  When  thoroughly  sea- 
soned brick  ar  ?  Immersed  In  water  for  a  period 
ot  50  hours,  the  Increase  in  weight  due  to  ab- 
sorption of  water  ts  about  12.6%. 

The  total  cost  of  manufacturing  T,000  brlclc. 
including  Interest  and  depreciation  on  a  plant 
and  building  costing  $60,000,  and  haTlsf  an 
output  of  l.'.OOO  briclts  per  da7«  Is  |S<13*  of 
which  $1.03  is  for  labor. 


ELECTRIC  FURNACES  FOR  THE  IRON  AND 

BRASS  FOUNDRY 

By  JOHN  B.  C.  KLl^SHAW 

coNiiENSBD   1  UOM    -TlliS  IKO.N    TKADE  UEVIEW* 


Electricity  is  undoubtedly  an  expensive  heat- 
ing agent,  and  at  first  sight  proposals  to  em- 
ploy It  for  producing  molten  metal  for  <*ws"ng 
may  appear  to  be  not  worth  the  cooslderacion 

of  practical  men. 
Taking  a  generating  plant  of  the  most  mod* 

cm  type  with  a  cotnblned  efficiency  of  engines 
and  dynamos  of  Su%  and  usiui;  3.j  lbs.  o£ 
coal  per  kilowatt-hour  generated  (equivalent 
to  2.C  lbs.  per  E.HP.-hr.)  we  have  the  'mIIov-Iiib: 
coiupuriauu:  Heat  produced  by  burning  l!.ti 
lbs.  of  coal,  testing  14,220  B.  T.  C  per  Ib^ 

3(;,9T2  B.  T.  U. 

lieat  produced  by  1  HP.-hr,  after  conversion 
into  electric  energy,  and  use  of  this  energy  to 
produce  heat  by  reslslanee  heating  ■>  2,102 
B.  T.  U.  per  lb. 

The  ratio  between  the  heat  available  In  the 
■coal  burned,  an  !  thnt  produced  by  the  electric 
current  when  employed  for  resistance  heating. 
Is  thus  36,972: 2,102,  or  17  to  1,  and  ss  al- 
ready stated  when  studied  in  this  manner,  the 
proposal  to  employ  electric  methods  of  heating 
In  the  iron  and  brass  factory  seems  to  offer  no 
practical  advantaRe.  Kvpn  should  the  electric 
energy  be  generated  by  water  power,  the  eco- 
nomic adTantage  would  seem  to  be  on  the  side 
of  the  use  of  coke  for  heating  purposes,  say  at 
M-2d  per  ton,  unless  the  electrical  horscpower- 
liour  could  be  sold  to  the  consumer  at  the  rate 
of  0.0296  cent,  or  $2.r)S  per  E.  TIP.-year.  This 
figure  is  about  one-half  the  lowest  rate  yet 
Quoted  for  eleetrlc  energy,  «v«i  In  Norway 


and  Switzerland.  Unless,  therefore,  some  very 
important  and  valuable  advantages  result  from 
the  use  of  electricity  as  a  heating  agent.  Its  ap- 
plication in  the  Iron  and  brass  foundry  is  an 
innovation  which  must  be  long  postponed.  It 
is  the  purpose  of  the  writer  In  this  article  to 
point  out  what  these  advantages  are,  and  to  de- 
scribe some  of  the  iorms  of  furnace  which 
might  be  employed  for  this  special  purpose. 

The  first  and  more  Important  of  these  advant- 
ages is  that  the  heat  can  be  generated  where 
It  is  roQulred,  that  is,  within  the  mass  of  metal 
rcriiilring  to  be  melted,  and  that  the  efficiency 
of  the  resistance  type  of  furnace  may  by  care- 
ful work  be  raised  to  over  7596.  The  Iobsm 
from  radiation  and  conduction  are  in  fact 
greatly  reduced  as  compared  with  the  usual 
methods  of  work.  How  large  the  heat  looses 
are  In  metallurgical  operations  as  ordlnarly 
carried  on  can  be  gaged  from  the  following 
tabular  statement  prepared  by  Prot  Burgess, 
of  the  UnlTerslty  of  Wisconsin: 

Thermal 
Effldeney 

T'roduct.        Tj'pe  of  Fumace.       Per  cent. 

Cast  iron  Blast  62.6 

Bteel  Acid  process  il.O 

Steel  Basic  process  10.0 

Pig  iron  Reverberatory   8.5 

Wrought  Iron  ReTorberatory    6.0 

Steel.......  Siemens   crucible   4.O 

Steel  Greenwood  crucible . .  2.0 

The  blast  furnace  stands  in  a  category  by 
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1te«1f,  and  It  -will  be  many  years  1>«for«  ft  to 

displaced.  The  values  for  the  efflcieocy  of  the 
Juruaces  tued  tor  producing  steel  and  wrought 
Iron  were  Cftlcolated  by  comparing  the  heat 
theoretically  required  to  raise  the  metal  to  the 
molten  state,  with  that  present  in  the  fuel  ac- 
tually required  to  produce  the  effect  in  prac- 
tice. 

If  these  effldenclea  be  accepted  as  correct, 
the  superior  economy  of  direct  heating  by  fuel 
largely  disappears,  for  when  9/10  or  19/20  of 
the  heat  value  of  the  fuel  is  lost,  and  only 
1/10  to  1/20  is  successfully  utilized,  the  two 
nethodt  of  heating  are  practically  on  a  level. 

A  second  advantaeo  offered  Ijy  electric  beat- 
ing Is  that  the  furnacea  and  crucibles  would 
have  longer  life  than  by  the  usual  metliodt 
cf  work,  sluce  they  would  not  be  exposed  to 
any  external  beating,  and  the  highest  tempera- 
tare  would  !>•  attained  within  the  mass  of, 
metal  they  contained,  rather  than  at  the  ex- 
terior of  the  furnace  or  crucible  walla.  An- 
other advantaie  no  len  important  to,  that  the 
metal  during  the  melting  operation  need  not 
be  exposed  to  the  air  or  to  the  products  of 
eombnatlon  of  the  fuel  used,  and  that  there* 
fore  some  of  tho  Inpses  due  to  the  formation 
of  oxides  and  dross  would  be  avoided.  In  the 
melting  of  the  liner  klade  of  ateel.  the  poaslbll* 
Ity  of  conductlnfT  the  melting  operation  under 
the  surface  of  a  protective  flux  or  In  an  inert 
atmoephere.  la  of  oonatderable  Talne.  The 
Aral  advanfaso  which  will  be  named  here,  is 
the  cleanliness  with  which  the  melting  of  the 
metal  in  the  electric  furnace  fe  attended.  In 
other  furnacea  or  crucibles  a  certain  amount 
of  the  ash  of  the  fuel  which  la  always  present 


at  dust  In  the  atmoephere  of  the  bnildtn^,  must 

get  Into  the  molten  metal,  and  tho  silica,  which 
is  the  main  constituent  of  this  asii,  may  have 
preludldat  efll^t  upon  the  physical  properttos 
of  the  finished  metal.  With  the  better  forms  of 
electric  heating,  this  contamination  of  the  prod- 
uct la  impossible,  and  the  chemical  eonatitn- 
Uon  of  the  finished  metal  can  therefore  be 
more  accurately  gaged  and  controlled. 

As  a  general  rule  one  may  estimate  that 
from  4  00  to  500  KW.-brs.  would  raffloe  to  melt 
one  ton  of  metal  in  resistance  furnaces  with 
internal  beating,  such  as  those  of  Heroult. 
Keller,  KJellln  and  Colby  (See  Engineering 
Digest.  March.  1908,  p.  277),  and  that  with 
cheap  electric  power  (say  at  $10  per  E. 
HP.-yr.)  the  cost  would  not  exceed  80  oenta  per 
ton.  The  writer  does  not  tug^test  howorer, 
that  a  largo  lurnace  for  electric  heating  of  the 
metal  rsquired  dally  in  any  brass  or  Iron  foun- 
dry should  be  erected,  without  preliminary 
trials  in  the  laboratory  or  upon  a  small  Indus- 
trial scale.  Kaith.  case  will  dwnand  special  con- 
siderfttlon  by  an  expert  electro-metallurgist, 
and  it  is  quite  certain  that  there  will  be  many 
cases  In  which  no  change  can  be  recommended, 
as  there  would  be  nothing  pained  by  substi- 
tution of  electric  for  the  ordinary  methods  of 
hi»tlng. 

But  in  particular  ci  ses  and  industries,  espe- 
cially thosr  relating  to  the  production  of  fine 
casting!  in  Iron,  steel  or  brass,  eleetro-thermal 
methods  have  much  In  their  favor,  while  th* 
facts  and  figures  given  in  preceding  sections  of 
this  article  prove  that  the  electric  method  of 
working  niny  compare  favorably  as  reigwda 
cost,  with  the  older  process. 


RECENT  TESTS  01-   PORTLAND  CEMENT 
AND  CEMENT  MORTARS 


There  has  recently  been  issued  by  the 
United  States  Geological  Survey  a  bulletin  en- 
titled "Portland  Cement  Mortars  and  Their 
Constituent  Materials,"  which  gives  the  results 
Of  over  25,000  tests  made  by  Messrs.  Richard 
lii  Humphrey  and  William  Jordan,  Jr.,  during 
the  years  1905-1907  at  the  Structural  Mate- 
rials Testing  Laboratories  at  Forest  Park,  St 
LottiS.  Mo.  The  report  may  be  divided  into 
two  parts.  Tho  first  deals  with  tests,  chemical 
and  physical,  of  the  Heveu  different  cements 
whi<dk  were  donated  and  of  a  typical  cement 


composed  of  a  mixture  of  equal  parts  of  each 
of  the  seven  brands;  and  of  teats  on  1:S  mor- 
tars made  with  these  cements  in  which  a  stan- 
dard sand  was  used.  The  second  part  of  the 
report  deals  with  tests  of  22  sands,  12  gravti 
screenings  and  25  stone  screenings,  and  of 
mortars  made  with  these  sands,  and  with  tho 
gravel  and  stone  screenings. 

The  tests  of  the  seven  cements  and  of  the 
mix  indicate  clearly  that  the  maximum  tensile 
strength  of  specimens  made  from  neat  cement 
la  reached  In  about  00  days.  From  that  tliM 
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till  180  days  the  tensile  strength  remains 
nearly  stationary,  and  from  180  to  360  days 
there  Is  a  decrease  In  tensile  strength  of  about 
25^e.  Ill  the  case  of  standard  mortars  made 
from  the  various  cements,  all  showed  the  same 
characteristic  falling  off  lu  teoBlIf'  strength 
fron^  180  to  360  daya.  The  mix,  however, 
Aowcd  a  talUng  off  from  90  to  180,  but 
a  slight  Increase  in  strength  from  180  to  360. 
Further  tests  made  on  the  mix,  after  storage 
In  alT'tlKbt  cans  for  perioda  varylns  from  a 
few  weeks  to  a  year,  Indicated  that  after  180 
days  the  tensile  strength  was  fairly  constant 
or  altghtly  InereMOd.  Altogotbor  tbe  testa  for 
tensile  strength  on  both  specimens  made  from 
neat  cement  and  from  standard  mortars  do 
not  exhibit  the  naltonnltar  vhleh  ve  might 
hope  to  find.  As  regards  the  falling  off  In 
tensile  strength  from  180  to  360  days,  these 
tests  indicate  the  neeessltr  of  earring  onr 
tests  over  a  further  period  of  time,  and  nl"o 
of  making  testa  at  a  270-day  period.  The  tests 
on  the  compressive  strength  indicate  a 
steady  and  rapid  Increase  in  strength  up  to 
180  da^'s  and  a  slight  increase  in  strength  from 
then  on.  Tests  on  the  transverse  strength 
showed  an  Increase  up  to  0  0  days,  strength 
practically  stationary  from  90  up  to  180  days, 
and  a  slight  decrease  from  that  tine  to  360  days. 


A  study  of  the  percentage  of  gain  in 
strength  for  various  periods  of  time  dlsdoew 
the  Important  fact  that  while  cements  may 
test  high  or  low  at  seven  days,  at  360  days 
all  are  fairljr  close  to  woh  other.  Cements 
which  tested  low  at  seven  daj's,  as  a  matter  of 
fact,  tested  higher  at  360  days  than  did  those 
giving  high  strengths  at  T  days. 

The  tests  Indicate,  further,  that  mortars 
made  with  a  cement  composed  of  a  mixture 
of  a  number  of  standard  brands  are  likely  to 
prove  more  efficient  than  mortars  made  with 
any  of  the  individual  brands.  Further  testa, 
however,  must  be  made  before  this  hjrpothesls 
can  be  definitely  established. 

The  tests  made  on  the  sands,  gravel  and 
stone  screenings  Indicate  that  the  tensile 
strength  of  mortars  made  from  them  decreases 
with  an  increase  in  the  percentage  of  voids.  The 
same  is  true  for  the  compressive  and  transverse 
tests,  though  not  so  rnarl?cd  In  the  tests  for 
transverse  strength.  Tests  for  density  of  mortar 
indicate  that  the  density  is  greatest  for  th« 
least  percentage  of  voids,  as  would  be  exr 
pected.-  These  tests  will  be  valuable  to  the 
contractor  In  that  they  will  furnish  him  with 
a  guide  to  the  types  of  sand  aud  screen- 
ings that  he  should  avoid  using  in  concrete 
work. 


RECENT  INCANDESCENT  LAMP  TESTS" 

By  T.  H.  AMRINE,  B.  S.t 


At  the  present  time  there  are  only  three 
types  of  incandescent  lamps  having  a  wide 
enough  commercial  use  to  make  them  impor- 
tant factors  in  incandescent  lighting.  The 
first,  and  by  far  Uue  most  widely  used,  is  the 
fSmlllar  carbon  fllament  lamp,  which  in  ordi- 
nary sizes  gives  an  efficiency  seldom  exceeding 
3.1  watts  per  candle  power  with  an  effective 
life  of  approximately  500  hours.  The  second 
type  is  also  a  carbon  filament  lamp,  but  the  Cfir- 
bon  by  the  process  through  which  It  passes  in 
manufacture  Is  given  somewhat  the  character- 
istics Of  a  metal,  and  for  this  reason  is  called 
the  metallized  fllament  lamp.  The  mannfac- 
turers  have  claimed  for  it  an  efficiency  of  about 
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2.5  watts  per  mean  horizontal  candle  power. 
In  the  third  type  the  filament  is  made  of  the 
metal  tantalum  and  there  is  claimed  for  It  an 
efficiency  of  about  2  watts  per  cand]« 

From  the  results  of  tests  made  on  ten  of 
each  of  these  lamps,  it  was  found  that  the 
carbon  lamp,  working  on  steady,  direct  cur^ 
rent  supplied  by  a  storage  battery,  at  very  low 
prices  per  KW.-hour  (|0.01  and  under)  is  the 
most  economical  on  account  of  the  small  num- 
ber of  burn-outs  and  the  low  cost  of  the  lamps. 
For  cosU  of  power  from  10.011  to  ?0.032  per 
KW.-hour  the  metalUsed  lamp  gives  the  lowest 
cost,  while  for  all  higher  prices  of  energy  the 
tantalum  gives  the  best  economy.  With  al- 
ternating current  even  though  badly  fluctuat- 
ing, the  relative  rorformnnce  does  not  change 
a  great  deal,  though  on  account  of  the  large 
number  of  burn-outs  with  the  metallised  lamp 
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•t  no  time  does  It  give  tbe  most  economical 

rcsiilts. 

The  invefitigatloa  seems  Co  indicate  tbat  so 
far  as  eeonomy  of  operation  goes,  the  metal* 

lizet!  lamp  has  practically  no  field  in  incan- 
descent lighting.  From  the  atandpolnt  of  low 
cost  of  renewals,  an  important  item  with  lights 
Ing  companies  that  furnish  free  renewals,  it 
cannot  compete  with  the  carbon  or  tantalum 
lamp,  espeelany  upon  poorly  regulated  drenita 
and  where  there  is  vibration  or  rough  usage. 
In  cost  of  power  consumption  the  carbon  lamp 
leads  for  yery^  low  costs  of  power,  and  tbe  tan- 
faluni  for  hi^lier  I'onts  of  energ)'.  Tiie  metal- 
lized lamp  seems  to  have  a  narrow  field  upon 
very  well  regulated  drenlts  where  the  cost  Is 
between  $0.02  and  $0.();{  per  KW.-hour. 

As  stated  above,  for  very  low  costs  of  power 
the  carbon  lamp  gives  the  best  ecowntny. 
Heuce  particularly  for  persons  wbo  generate 
their  own  current  it  would  not  pay  to  change 
from  carbon  to  the  higher  efficiency  lamps, 
because  in  this  case  either  the  cost  of  power 
is  low  or  else  the  fuel  bill,  the  only  item  In 
which  there  would  be  a  saving  by  using  hlgh- 
elllclency  lights,  is  not  large  compared  witb  the 
other  expenses  such  as  attendance  charges, 
taxes  and  interest.  When  the  cost  of  energy  is 
btgh,  as  it  is  in  most  cities,  the  tantalum  lamp 
would  be  the  best  to  use.  The  metallized  lamp 
seems  to  bo  restricted  to  rather  narrow  limits 
of  power  and  cost  and  to  good  operating;  con- 
dltlon.s.  The  newer  types  of  lamps  would  have 
a  great  Held  iu  lighting  railroad  trains  uud 
steamsblps  where  the  cost  of  power  Is  always 
biph,  !f  filaments  were  robust  enoiiph  to  with- 
stand the  shocks  and  vibrations  that  are  usu- 
ally present.  It  seems  that  it  might  be  possible 
and  advisable  for  manufacturers  to  develop 
series  tantalum  lamps  for  this  puropse. 

The  distribution  of  the  carbon  and  metal- 
lized Inmp.s  is  so  nearly  identical  ne  to  admit 
uf  little  choice  between  them  in  this  partirular. 


The  tantalum  lamp  dllTers  from  these  In  bavlnf 

a  low  tip  candle  power  which  Is  a  polst  la 
its  favor  when  used  with  reflectors. 

Long  experience  in  making  them  has  ein> 
abled  the  manufacturers  to  make  a  carbon  fila- 
ment that  will  withstand  almost  any  reasonable 
usage.  The  filaments  of  both  the  metalUisd 
and  the  tantalum  lamps  are  easily  brolten,  es- 
pecially after  they  have  been  burned  for  a 
while.  The  filament  of  the  former  is  so  fine 
that  jars  such  as  would  be  caused  l>y  screwing 
the  lamp  Into  or  out  of  the  socliet  sometimes 
make  tbe  two  halves  of  the  fltament  cross  each 

oth<M"  near  the  top.  This  short-circuits  about 
one-third  of  the  filament,  and  if  the  current 
is  turned  on.  the  lamp  then  bums  at  about 
three  times  the  normal  candle  power.  This, 
of  course,  greatly  reduces  the  life  of  the  lamps 
if  the  AlanMHits  are  not  separated. 

From  the  itndy  of  ihv<v  lamps  It  appears 
that  tbe  carbon  filament  and  the  tantalum  fila- 
ment lamps  can  cover  adequately  all  the  phases 
of  incandescent  lighting  that  an  now  covered 
by  the  three  types.  For  low  power  coats  and  for 
rough  or  unusual  uses  and  for  small  candle 
power  units  the  carbon  laniji  is  best  and  often 
the  only  one  that  can  be  used.  For  higher 
costs  of  power  upon  poorly  regulated  circuits 
and  for  lightening  tbe  load  upon  overloaded 
stations  the  tantalum  lamp  is  best  It  is  not 
recommended  by  Its  manufacturers  for  use 
upon  alternating  current,  yet  the  results  ob> 
tained  show  that  althouKli  It  does  not  do  so 
well  upon  ailernaliag  cunenl  as  it  dutiH  upuu 
direct  current  circuits,  it  still  gives  better 
pconomy  for  the  higher  power  costs  than  the 
cari>on  lamp.  The  principal  fault  of  the  metal- 
lised lamp  Is  that  of  medianlcal  weakness, 
which  probably  does  not  exist  In  the  larger 
sizes  where  a  heavier  filament  is  used, 
so  that  for  units  of  40  or  90  candle  pow«r 
or  iii)ove.  this  type  of  lamp  is  very  satis- 

tart  'U  v. 


NOTES  ON  STEAM-TURBINE  ENGINEERING* 


Taking  the  Zoelly,  Cmti-',  nnd  Parsons  t^  pes 

as  representatives,  it  may  be  stated  that  as 

regards  the  first  two  an  efflctency  (made  up 

of  nozzle  and  vane  efficiencies)  of  TO  ;  may 

be  attained  in  practice,  although  65  %  is  more 

likely  to  be  the  actual  figure,  with  a  possible 

efficiency  of  some  SO';;.   The  chief  losses  are 

condensation  of  steam,  leakage  from  stage  to 

'Kroui  a  iwijjer  r»a4  before  the  Mam.-htaitcr  Associallou 
•t  Bnstnccr*  by  th«  Cblef  Biislii*«r  to  th*  M«iicliMt«r 
Cvrporsiion.  Mr.  S.  L.  P«src». 


si  age,  disk  friction,  eiidy  currents,  and  vane 
friction.  The  Curtis  may  have  a  slight  ad- 
vantage over  the  Zoelly  In  that  whenever  a 
leakage  from  stage  to  stage  does  take  place, 
the  losses  are  collected  at  tbe  end  of  the  mala 
stages,  and  the  steam  may  be  usefully  ex- 
panded in  the  followinp  stages.  On  the  other 
band,  leakage  troubles  with  the  Curtla  may 
become  as  serious  as  they  are  with  the  Paraonn 
type  unless  there  Is  a  steam-tight  Joint  be* 
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tween  th«  stftgM.    With  tiM  Panon*  type  a 

posslhlf  efficiency  of  ^2'",  may  be  reached,  but 
ia  practice  6b%  is  rarely  exceeded,  owing  to 
tbe  aerioua  "leskagtt"  factor.  From  the  point 
of  possible  efTlclency  therefore  the  Parsons  type 
stands  well,  but  U  is  thought  that  in  actual 
eonditiona  there  la  not  anlllelent  dlSerence  to 
warrant  a  decided  opinion  on  the  reapeetlTe 
types. 

The  oee  of  superheated  steam  tanproTea  both 

tyiK's  of  [)ririif  movers.  In  the  caso  of  a  piston 
engine  as  a  means  of  reducing  initial  con- 
densation. In  the  ease  of  the  tnrblae  aa  a 

means  of  reilurinK  the  fluid  friction. 

The  following  table  brings  out  the  ditferenoe 
effected  In  such 


RBDUCTION  OK  STKAM  CONSI  MI'TION  DUiS  TO  THB 

liSB  OP  SUPBRUBATED  STEAM, 
^perbeat.  dega.  «*...»     SO     AO  100  160  200  280 

^vlog  (%): 

TurbliiM   6Ll      7      8    14    19    SS  M.4 

PlMoa  mslBM   T.8     12  20i,S    28  SLT  8« 


The  square  feet  of  floor  space  per  kilowatt 
for  sets  of  3,000  KW.  capacKy  and  over  may  be 
put  down  at  0.35  sq.  ft.  for  piston  englnea.  and 
0.1  sq.  ft.  for  turbines.  No  advantage  can  be 
shown  (or  tbe  steam  turbine  as  against  the 
platen  engine  for  sizes  of  SOO  KW.  and  nnder. 
On  the  other  hand,  given  ami'lf'  supplies  of 
cooling  water  for  capacities  above  this  flgurot 
and  eapedally  for  the  larger  nnlts  of  S.OOO* 
r),000  KW..  the  turbine  is  preeminently  the 
prime  mover  to  be  adopted  for  electric  worlc  in 
our  present  state  of  engineering  knovledge^ 


FUEL  CONSUMPTION  IN  PRODUCER-GAS  PLANTS* 

eoanected  with  the  switchboard.  As  will  be 
seen  the  results  obtained  are  much  better  than 
those  from  steam  plants  of  corresponding  size. 


The  aceompan)  In^  table  (1)  shows  the  re- 
sults obtained  ou  a  wide  range  of  fuels  tested 
by  the  technologic  branch  Of  the  U.  8.  Qeo- 
loglcal  3(UTWt  under  the  direction  of  Joseph 
A.  Holmes,  expert  In  charge,  and  Robert  Hey- 
wood  Fernald.  engineer  In  charge.  These  tests 
were  made  at  St.  Louis,  Mo.,  at  the  fuel  test- 
ing plant,  which  was  located  on  the  grottttda 
Of  the  Louisiana  Purchase  Exposition. 

At  the  time  this  plant  was  erected  there 
were  but  few  pas  proflncer  plants  in  the  coun- 
try burning  auy  cla^K  of  bituiukuuus  coals,  and 
many  prominent  engineers  were  In  doubt  as  to 
the  possibilify  of  operatlnp:  a  gas  engine  on 
gas  produced  trum  cuals  such  as  are  miued  lu 
the  central  and  western  atatea. 

This  branch  has  done  a  valuable  servire  to 
the  cnunto'  in  demonstrating  the  possibility 
Of  burning  nearly  all  classes  of  low-grade  fuela 
with  good  economy.  As  will  be  noted  In  the 
tables,  the  poorer  coals  required  a  correspond- 
ingly greater  quantity  of  the  fuel  to  produce  a 

horf>e-pnwer. 

The  equipment  used  was  a  2uO-MP.  pressure 
producer  with  a  centrifugal  tar  extractor  and 

gas  holder.  A  23r>-HP.  ?,-ry].  vertiral  gas  en- 
gine belted  to  a  generator  produced  power 
which  waa  neaaured  by  electric  Instmmenta 


Florida  peat. 

Lignltest  

Illinois  coalsf. 
Peunsylv'nla  fsoaltt 
W.  Virginia  coalst 


TABLE    L— FVBL  CO.VSIMI'TION    IN   -JT^-HP.  PRO- 
DUCgROAS  PI^ANT,  v.  S.  OEOLOCIC.M.  StRVBV. 
Cu.  ft. 
standard  ko^   B-  T.  I', 
per  lb.  equlva-  p*r 
leal*  tutl, 
a*  Srad. 
28.5 

26.3 

49.6 

71.4 

77.5 


I  •   *  •  k 


cu.  tu 
ltd.  jas. 
175T 

169.9 

153.2 

141.6 

149.6 


Lb».  fuel,* 
as  Bred 
per 

a  HP.-hr. 
•J.67 

2.4S 
.  1.6S 


•  Ki|:i i \ !i  M r         \    lin  lurl.;-    Ui.it  l;i    'In;  producer, 

•iiiil  itli-o  Uid  ttiiiuuiii  rcijuiriHl  to  gencntU-  lUv  Kleuiu 
iicrcB^ary  for  ojM'rstlng  thr  produc«r. 

iAvf-rRKes  of  reiiults  obtnitud  fran  four  roals.  nf  the 
four  f'cniiJ'yIv.itilii  coal>.  t«-sled,  two  camv  from  the  lower 
KUtnnnlDR  bfd.  one  from  ihi"  low<>r  Fr«<-i*orf  niiil  the 
(ourtb  from  tbo  Pttuburg  bed.  U(  tbe  WmI  VlrKiui* 
euls,  oue  csma  (ram  thv  Anatc4  M,  asotlMr  fraoi  tb« 
Bwlo,  both  ot  thM«  beiBK  mltitd  in  tfa«  N«w  River  dti- 
trtet:  a  third  from  lbs  PUtsburg  and  tli«  fourth  tiMi 
tbe  KcTstone  bid. 

TABUS  II.— proximate:  analy!4F!8  axd  calorific 

VALUES  OF  FL  BUJ  IN  TABLO  L 
ProslniKte  onalyals, 
PsreenL 


Fuel. 

Klorlilit    \teat .  , 
I.lKnltt'<«  .... 
Illinois  coata. , 
Penna.  eonia, , 
W.  V>.  eonls., 


.MolB- 
turo 
21  <X> 

ii.r>i 

8.4T 
Z47 


Volatile 
nialtor. 

.'.17:.! 

•JK  <w! 

31. Ml 

i9.eH 

3X12 


FIXPd 
oarlion. 
L'LMl 
L'7.7-J 
4:iMi 
07.M 
00.24 


H.T.  W. 

per 

lb.  fuel. 

Aih. 

as  flred. 

r.tr 

.VI  IT 

S.?7 

7  tin 

lO.tK.l  . 

9.54 

IS.Wil 

5.17 

14.348 

THE  SPECIFIC  HEAT  OF  SUPERHEATED  STEAM 
PROF.  SIDNEY  A  REEVE  IN  "POWER" 


As  to  what  values  of  S,,.  nrfor  all  this  review 
(of  the  work  of  Qriadley,  Grlessmann,  Lorenz, 
Dodge,  Unde,  Knohlaueh  and  Jakob,  and 
Thomas)  seem  moat  worthy  of  acceptance,  the 


•PuttUsbed  by  panDlailoa  of  tbe  Director  of  the  V.  a. 
QeobiclenI  Barvcgr. 


anthor  would  state  <Tnr'l'.aMi  ^illy  (tu.t  a  roiicrh 
guess  is  all  that  is  periuisslble.  No  single  re- 
port Is  anflleleutly  beyond  question  to  warrant 
loyal  nrloption;  and  the  avpraeliiK  of  (ll^crrnnnt 
reports,  each  of  which  is  open  to  suspicioo, 
la  hardly  a  selentlfle  process. 

MAT,  1B08. 
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For  what  ft  may  b«  worth,  the  author  would 
state  his  view  ot  the  probable  truth  as  follows: 

Xiy  N««r  the  saturated  oondltlon  the  valae 
of  Sp  (Bpeclfir  heat  at  constant  pressure)  In- 
creases fioarkedly  with  pressure.  Begioaing 
ytth  a  value  perhape  as  low  as  for  a  good 
vacuum,  and  passing  O  Tift  nt  or  near  atmos- 
pheric pressure,  the  value  will  pass  0.6  or  0.7 
at  familiar  boiler  pressaree  and  possibly  attain 
(t.S  nt  vf-ry  IiIkIi  boiler  pressures.  Thore  Is  no 
reason  why  the  value  should  not  be  expected  to 
surpass  even  unity  at  pressures  bejrond  the 
hlghr-st  ijoiicr  pressures,  approachtBS  the  criti- 
cal pressure  for  water. 

(2)  The  above  does  not  necessarily  apply 

to  conditions  of  superheat   f:ir  removed  from 

saturation.  We  should  expect  Sp  to  approach 
Independence  of  the  pressure.  If  not  to  Indepeu' 
deno'  or  tioth  temperature  and  pressure*  under 
high  superheat. 


EUNG  DIGEST 

Tndcr  cotistant  pressure  the  value  of  S» 
probably  decreases  with  Increasing  temper- 
ature under  the  higher  pressures,  and  fnereases 
with  the  temperature  undor  lower  pressures. 
No  hazard  may  be  made  of  the  rate  of  variation 
with  temperatun,  except  that  the  rate  Is  proba^ 
bly  different  for  earh  different  pressure,  and 
perhaps  also  with  the  temperature  itself.  The 
rate,  particularly  under  the  higher  pressures, 
may  change  sIru  as  it  proceeds;  that  is,  being 
first  negative  and  then  positive,  as  indicated 
by  Knoblauch  and  Jakob's  curves  (see  Tedml* 
cal  Literature,  June.  1007,  p.  2r;2). 

(4)  Under  constant  temperature  and  vary- 
ing pressure.  S..'  probably  varies  directly  as  the 
I)re88ure. 

If  these  estimates  be  true,  the  engineer,  in 
order  to  adopt  any  value  of  Sy  for  use,  must 
know  not  only  the  pressure  sxpected.  but  also 
the  range  of  superheat. 


THE  SUPPING  OF  STEEL  AND  CAST-IRON  CAR  WHEELS* 

By  GEORGE  L.  FOWLER 


There  are  two  kinds  of  slipping  to  which 

v.xr  wheels  may  be  jjubleeted.  One  is  the 
skidding  action  duo  to  the  locliing  of  the 
wheels  by  the  brake-shoes.  Tbe  other  form  oc- 
curs when  til.'  driving  wheels  of  electric  motor 
cars,  for  instance,  are  turned  faster  than  the 
eorrespondlng  rate  of  motion  ot  the  car  and  the 
whole  periphery  of  the  wheel  slides  over  the  rail. 

Separate  tests  were  made  with  steel  and 
east-Iron  wheels  on  old  and  new  rslls.  for  both 
the  .skidding  raid  s[ilrininfr  motions  In  loading 
the  wheels,  the  weights  were  increased  by  regu- 
lar Increments  of  2.000  Ibe.  up  to  30.000  lbs. 

Inasmuch  as  the  steel  wheel  offers  greater 
resistance  to  spinning,  it  is  better  adapted  for 
use  as  the  driving  wheel  of  sn  electric  car 
than  the  cast-iron  wheel  and  If  less  liable  to 
Skidding,  it  appears  ibut  the  cast-iron,  wheel 
wears  sway  more  rapidly  than  the  steel  wheel 
after  the  bard  surface  metal  has  been  broken 
through. 

The  Indications  are  that  In  skidding  s  short 

distance  at  low  speed  a  cast-iron  wluel  Is 
more  apt  to  develop  a  flat  spot  than  is  a  steel 
wheel.  On  the  other  hand,  If  the  skidding 
continues  for  some  distance  at  a  high  speea, 
the  wheel  becomes  heated  and  then  the  steel 
wheel  is  the  first  to  yield,  unless  the  surface 
chill  of  the  cast-Iron  wheel  haa  already  been 
worn  tlirouKh. 

~  •From  •  Tlie  Car  Wh«-«l,"  publlsUtU  aud  copyrighted  by 
the  SclidMi  SiwI  Whod  ConiAiiy. 


COBPFICIBKTS  OF  PRICTIOK  BETWEEN 

CAR  WHEELS  AND  RAILS. 


Load  on 


Spiuniug. 


Skidding. 


heel  In 

Steel 

Cast-iron 

Steel 

Cast-iron 

lbs. 

wheel. 

wheeU 

wheel. 

wheel. 

2.000 

.2Ty9 

.243 

.285 

.287 

e.ouo 

.234 

.208 

.245 

.254 

10.000 

.21$ 

.204 

.238 

.238 

ICQ  00 

.204 

.126 

.232 

.219 

20.000 

.203 

.183 

.234 

.214 

It  also  appears  from  this  table  that  the 
coetricient  of  friction  of  the  steel  wheel  de» 

creases  as  the  load  is  increased,  up  to  a  pres- 
sure of  about  15,000  lbs.,  after  which  It  Is 
practically  constant.  The  coeffldeat  of  frlc^ 
tion  of  the  cnst-irou  wheel  derre.iscs  rather 
rapidly  like  that  of  tbe  steel  wheel,  up  to  a 
load  of  15,000  lbs.,  after  which  It  tails  away 
slowly,  through  a  tendency  to  decreaso  With  the 
Increase  of  load  !;?  manifest. 

As  regards  skidding,  tlie  values  of  tbe  coeffl- 
deuts  of  the  two  wheels  bear  the  same  relation 
to  each  other  as  they  dn  for  Rplnninp,  The 
CQeflicient  of  resistance  is  greater  lor  the  steel 
wheel  than  for  the  east-Iron  wheel;  and  thers 
is  the  same  falHnc:  off  in  the  value  of  the  co- 
eilicieut  as  the  load  is  increased  up  to  about 
15.000  lbs.,  after  which  that  ot  the  steel  wheel 
is  nearly  conBtant.  while  that  of  the  CSSt-lrob 
wheel  continues  to  fall  away  slowly. 
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Ethereal  Energy. — According  to  Sir  Oliver 
Lodge,  in  a  recent  lecture  at  the  Royal  In- 
stitution, the  density  of  the  ether  Is  50.000 
million  times  that  of  platinum,  and  in  a  cubic 
millimeter  of  apace  there  Is  an  amount  of  en- 
ergy represented  hr  the  output  of  a  mauon- 
horse-power  stAtiOtt  working  for  30,000»000 
years. 


Sterilizing  Drinking  Water. — The  safest  way 
Of  rendering  water  which  may  have  been  sub- 
jected to  pollution  Innocuous  for  drinking  Is 
by  boiling  It.  When  it  Is  not  praclicuble  to  boil 
the  water  it  can  be  rapidly  sterilized  by  4.2 
grains  of  free  bromine  per  gallon  of  water  dis* 
solved  in  a  solution  of  potassium  bromide  and 
then  the  excess  of  bromine  is  removed  by  a 
corresponding  amount  of  ammonia,  so  as  to 
render  the  water  palatable.  The  danger  of 
contracting  enteric  fever  from  having  to  drink 
polluted  water  may  be  avoided  by  adding  15 
grains  of  sodium  bisulphate  to  a  pint  of  water* 
\\  h\ch  in  satii  to  destroy  the  typhoid  bacillus. — 
"Eugiiifeiiiig  Times." 


Magnetic  .\lioy  for  RodiiciiiK  Ijosseo  In  Trnnn- 
fonucrs,  Ktc. — An  alloy  having  magnetic  and 
electric  properties  espedslly  adapting  It  for 
use  in  t)allast  roilR.  trnnsformfr  plntps,  ptc. , 
and  capable  of  reducing  the  magnetic  and  elec- 
tric losses  to  values  below  those  which  take 
placp  -with  thr  purest  Iron  commercfnlly  oti- 
tainable,  has  recently  been  patented  by  Mr. 
R.  A.  Hadlleld.  of  Sheffield,  Bngland.  This 
alloy  may  hp  madf>  hy  melting  pure  Swedish  or 
other  pure  iron  with  from  2  to  4.5%  of  silicon, 
naogsnese  not  exceeding  0.7%,  and  adding 
ahimlnum  to  an  amount  not  exceeding  1.3%. 
The  alloy  should  be  low  in  carbon,  say,  under 
about  0.12%. 

Prodacer-Gas  Mon»r  Car. — A  Glasgow  firm 
has  been  conducting  experiments  during  the 

past  year  on  a  motor  car  using  produccr-Kas 
fuel,  with  lilghly  satisfactory  results.  The  en- 
gine tised  was  an  ordinary  gasoline  one,  with 

the  compression  inrrrasod.  Tt-sts  on  runs  of 
17  to  35  miles  showed  a  consumption  of  1  lb. 


Scotch  anthracite  pea  coal  per  ton-ralle,  whnn 
the  car  was  operated  on  that  fuel.  It  was 
found  that  when  producer  gas  was  used  the 
exhaust  was  entirely  free  from  sniell  and  in- 
visible. The  fuel  hopper  is  placed  immediately 
In  front  of  the  washboard,  the  tops  of  the  two 

heiiiK  at  the  same  level.    The  producer  Is  fixed 

to  the  bottom  of  the  hopper  and  occupies  but 
little  space,  being  14  Ins.  In  diameter  and  20 
Ins.  hti^h.  The  car  with  its  load  of  a  day's  sup- 
ply of  fuel  and  passengers  weighs  about  5  tons, 
and  can  be  gotten  under  wsy  five  ^nntes  after 
the  Are  Is  lit. 


ProtectlTe  Action  e<  Oonerete  on  StoeL— 

Iron  and  steel,  when  embedded  in  concrete,  are 
almost  wholly  protected  from  rust.  This  tree* 
dom  from  oxidation,  according  to  Dr.  Rohland, 
in  a  recent  Issue  of  "Stahl  und  Eisen,"  is  prob- 
ably due  to  physico-chemical  causes  which  pre- 
vail during  the  setting  process  of  the  cement 
and  In  the  early  stages  of  hardening.  The  lime 
present  in  solid  solution  in  the  mass  combines 
with  water,  and  the  colloidal  aluminum  oxide, 
together  with  the  Iron  hydTOxMe  and  SlUca 
(both  in  the  colloidal  state)  are  separated  from 
the  mortar  and  are  gradually  coagulated  by 
means  of  the  hydroxyl  tons.  These  oosenlafod 

suhsta!tc^<!  art  as  a  varniBh,  prpvpnting  a  fur« 
ther  peueliHliuu  o£  ihv  water  into  the  Interior 
of  the  cement,  and  thus  protect  the  steel  eur- 
facfs  agnlnst  th<'  Influence  Of  the  Worsen  Ot 
the  air  and  of  the  water. 


Tlie  Mctiillitrjiy  of  Zlnr,  at  the  preaont  time, 
is  briefly  comprehended  in  the  following  state- 
ments: The  chief  ore  Is  zinc  sulphide,  Zn  3, 
Infusible  at  ordinary  furnace  heats,  non-vola- 
tile, easily  roasted  to  Zn  0;  the  roasting  is 
done  principally  In  mechanically  stirred  fur- 
naces, the  ore  heing  in  small  pieces,  becnu*?^  It 
Is  non-porous,  compact,  and  roasts  slowly;  the 
roasted  ore,  principally  Zn  O,  is  mixed  wltb 
an  excess  of  carbon  as  a  reducing  agent,  and 
heated  in  dosed  fire-clay  retorts  having  con- 
densers attached;  sine  vapors  besln  to  come 
off  at  l.or^r^'C..  anil  come  off  rapidly  at  the 
working  temperature  of  the  charge,  say  1.200' 
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to  1,300";  the  zinc  vapor  and  carbon  monoxide 
pass  Into  ths  eondenssra.  aod  as  they  cool  de- 

posit  the  zinc,  some  in  the  form  of  flnp  dust 
(like  hoar  frost),  most  of  it  as  liquid  drops; 
the  ttdmittm  In  the  ore  and  some  lead,  ir  pres- 

onx,  .listll  over  with  the  zinc,  constituting  its 
dilef  impurities.  Arsenic  is  sometimes  present 
tn  the  condensed  product.   Tron  does  not  distil 

over,   l)ut  some   Is  absorbt'cl   from  ladles  and 

molds  in  which  the  liquid  zinc  may  be  handled 
and  east. — Fnt  J.  W.  Rtobards,  tn  "Bleetro- 
chemieal  and  Hetallnivtcal  InduatJT." 


Aleohol  from  Katund  Oas<— Dr.  Henry  S. 

Blackmore,  an  industrial  chemist  of  Washing- 
ton, D.  C,  has  devised  a  process  of  converting 
natural  gas.  which  contains  on  an  average  96% 
metham-.  into  alcohol  by  the  action  o{  limited 
portions  of  oxygen  or  air  in  the  presence  of  a 
beat-absorbing  fluid,  such  as  steam,  which  pre- 
vents complete  combustion,  and  maintains  the 
temperature  lielow  the  decomposfng  point  of 
alcohol,  lh<3  oxidutiou  being  induced  and  iiiaiu- 
tatned  by  passing  the  gaseous  incrredients 
through  an  electrically  heated  gauze.  By  sub- 
jecting natural  gas  to  a  limited  or  restrained 
oxidation  itt  combustion  In  this  manner.  It  la 
converted  directly  Into  alcohols  and  dohydro- 
geuated  alchols  Icnown  a»  aldehydes,  the  alde- 
hyde oC  methyl  alcohol  (wood  aleohol)  hetns 
known  formaldehyde  The  product,  there- 
fore, is  a  mixture  of  methyl  alcohol  with  a 
amall  portion  of  formaldehyde,  whl^  can  he 
readily  separated.  If  the  combustion  is  proper- 
ly regulated  and  controlled.  5,000  cu.  ft.  of 
natural  gas  will  produce  approximately  60  gals, 
or  alroli'd.  and  as  natural  eas  can  bo  readily 
obtained  in  unlimited  quantities  at  from  5  to 
19  cents  per  M.  ft,  It  follows  that  the  cost  of 
50  gals,  of  alcohol  produced  in  this  manner 
would  only  be  25  to  50  cents  for  raw  material. 
A  plant  demonstrating  the  commercial  value  of 

this  process  will  shortly  be  erected  in  western 
Pennsylvania,  probably  at  Bradford. — "Daily 
Consular  and  Trade  Reports." 

Engineering  Education  in  Gemuiny. — ^Not- 
withstanding the  thorough  treatment  they  give 

to  nil  subjects  of  Instruction,  it  Hn  aim  of 
the  German  technical  universities  to  turn 
out  finished  engineers  who  are  capable 
of  undertakiner  indejiendently  the  execution 
of  large  engineering  problems.  Their  aim 
Is  rather  to  supply  the  theoretical  ground 
work  essential  tor  beginning  the  earear 
of  an  engineer;  practical  experience 
can  only  be  acquired  outside  of  the  technical 
schools  after  the  young  men  are  thrown  wholly 


upon  their  own  intellectual  and  moral  re- 
sooresa.    German  authorities  claim  that  the 

strictly  theoretical  character  of  the  training 
given  insures  the  beat  results  in  the  end.  They 
admit.  Indeed,  that  tn  the  first  years  after  quit- 
ting the  lecture  rooms  the  German  engineer 
will  not  compare  favorably  with  an  English 
colleague  who  has  been  engaged  in  practical 
work.  while  the  German  was  wresting 
with  his  theories;  but  that  after  the 
lapse  of.  say,  a  halt  doaen  year*  theae  authori- 
ties claim  the  German  will  outstrip  his  Eng- 
lish rival,  will  develop  a  greater  originality  in 
applying  his  theoretical  principles,  and  will 
more  easily  solve  new  engineering  problems. 
While  the  Germans  cheerfully  concede  tliat 
English  engineers  have  achieved  remarkable  re- 
sults from  their  practical  system  of  training, 
they  say  that — in  the  present  stage  of  dev  elop- 
ment of  science,  with  its  manifold  and  compli- 
cated new  problems — the  English  system  does 
not  carry  the  engineer  far  enough,  and  that  it 
does  not  give  him  the  grasp  of  principles  essen- 
tial for  making  an  engineer  of  the  very  highest 
attainments. — "Times  {London)  Bngtoeertng 
Supplement." 


f^^nlparatlve  Costs  of  Illumination. — Accord- 
ing to  Mr.  T.  J.  Little,  In  a  paper  entitled  "Gas 
Lighting  in  the  Factory,"  read  before  the  Na- 
tional Commercial  Gas  Association,  the  amount 
of  candle-power  obtainable  per  hour  for  one 
cent  from  various  aourcea  of  lllnmlnatlon  can 
be  learned  from  the  following  table: 


Candle- 

power 

Oas  Lampa. 

Cu.  ft. 

Candle- 

per  hour 

per  hr. 

power. 

for  Ic. 

.  0.6 

11.6 

16.6 

5.0 

20.0 

40.0 

Gas  arc.  clear  globe . , 

.  18.7 

244.0 

129.S 

Upright  mantle,  clear 

.  3.7 

61.27 

138.6 

Inverted  mantle,  clear 

3.0 

70.e 

236.38 

Walts 

Electric  Lamps. 

per  hr. 

Cooper  Hewitt ...... 

.  .192 

232.00 

124.4 

Knclosed  aic  

.  .  600 

329.05 

.■4.84 

36.96 

29.56 

Nernst,  clear  globe. 

8- 

144.26 

54.6 

.  , 

11.68 

The  above  figures  for  candle-power  are  baaed 
on  lower  hemispherical  readings;  acetylene  gas 

Is  assumed  at  per  M.  cu.  ft  ,  Illumin.itlntr 
gas  at  |1  per  cu.  ft.,  and  electricity  at  $0.10 
per  kilowatt 
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METHODS  AND  DBVICB8  FOR  BACTBRIAL 

TREATMENT  OP  SEWAGE. — By  William 
Mayo  Venable.  M.  S.  New  York:  John 
Wiley  &  Sons.  London:  Chapman  ft 
Hall.  Ltd.  Cloth;  6x9  Ins.;  pp.  vl.  ^ 
2S6:  48  lllnstraUoiM.  13. 

Reviewed  by  Robert  W.  Hall.* 

As  stated  In  the  Introduction.  "Sewage 
Treatment,"  hy  William  Mayo  V«Dable,  dealt 

with    the   suhjert   of  aewaS*  dlSpOMkl  purely 

from  the  engineering  itaiidpolnt.  The  role  of 
Imeterlal  action  Is  oonatdered  In  the  Introduc- 
tion— the  rest  of  the  book  briiiK  taken  \ip  with 
what  may  be  termed  the  mechanical  devices 
and  their  effldency.  As  a  guide  to  the  sani- 
tary englnet>r.  it  seems  to  tiie  raviewor  that 
this  book  will  prove  indispensable. 

The  aeoond  chapter  deals  with  sewage  bib- 
liography. It  Is  a  very  brief  reference  to 
books  and  transactions,  all  in  English,  and  a 
list  of  articles  pabllshed  In  the  past  two  years 
(also  confined  to  those  in  English). 

The  third  chapter  discusses  the  general  quea- 
tlon  ot  the  aSrobic  treatment  of  crude  sew- 
age— enumerating  processes,  giving  data  In  re- 
gard to  areas  needed  and  rates  of  filtration. 
The  next  six  chapters  discuss  mechanical  de- 
vices. TheKe  chapters  are  uniform  lu  plan, 
and  in  them  the  author  discusses  the  prob< 
lems  to  be  solved,  enumerates  the  methods  and 
then  takes  up  the  devices  from  an  historical 
standpoint,  quoting  significant  patents  In  de- 
tail. The  patents  discussed  are  illustrated  by 
flgures,  of  which  there  are  some  forty-five, 
(and  three  plates).  Many  readers  will  be 
Interested,  as  the  author  evidently  is.  In  the 
process  of  evolution  of  the  various  methods,  as 
brought  out  by  this  historical  treatment.  The 
six  chapters  referred  to  have  as  their  subjects 
(IV)  the  mechanical  removal  of  Sludge:  (V) 
the  anaerobic  treatment  of  sewage;  (VI)  in- 
termittent contact  systems:  (VII)  automatic 
discharglnR  devices;  (VIII)  percolating  filters. 

Chapter  IX  is  a  "summary  of  euKlneering 
principles  regarding  the  design  of  sewage  puri- 
flcation  worka."  Some  of  the  twenty  subjects 
discussed  are:   chemical  analysis  of  sewage; 


quantity  of  organic  matter;  septic  action. 
Under  the  subject  of  the  rate  of  flow  of  water 
in  sewage  through  sand,  the  results  of  personal 
experiments  are  given.  Quite  lengthy  quota- 
tions are  made  from  Earl  B.  Phelps'  paper  on 
the  Analyses  of  EtTluents,  and  of  statements 
of  John  W.  Alvord  In  regard  to  rapid  sewage 
purification. 

The  tenth  chapter  describes  in  detail  the 
actual  installation  of  two  plants — one  at  Fort 
Leavenworth,  and  uno  at  Fort  Des  Moines. 
The  discussion  of  difficulties  and  the  methods 
used  in  meeting  them  should  prove  very  help- 
ful. In  the  last  chapter  the  autlior 
designs  to  meet  typical  conditions. 


or  BMtasr.  Lcbtsh  Ualvwaltjr. 


THE  ELH.MK.NTS  OF  RAILROAD  ENOINBBRp 
ING.— By  William  Q.  Raymond.  G.  B.» 
LL.  D..  M.  Am.  Soc  C.  B.,  Profisisor  ot 
Civil  Engineering  and  Dean  of  the  Col- 
lege of  Applied  Science,  the  State  Univer- 
sity of  Iowa.  New  YorVc:  .Tohn  Wiley  & 
Sons.  London:  Chai)niaii  &  Hall,  Ltd. 
Cloth:  r,  .  ;t  ins.:  pp.  xvl.  -  -lo.':  107 
flgures  in  the  text  and  18  plates.  ^3.50. 

This  book  Is  the  second  volume  of  a  course 

in  railroad  engineering  by  Dr.  Raymond,  the 
first  and  third  .of  which  are  In  preparation 
and  entitled  "Railroad  Field  Geometry,"  and 
"Railroad  Engineers'  Field  Book,"  respec- 
tively. The  aim  of  the  author  has  been  to 
describe  the  fixed  portion  of  a  railroad  plant 
and  to  present  the  underlying  principles  gov- 
erning the  design  of  its  layout,  a  railroad  being 
viewed  as  a  plant  operated  for  the  manufac- 
ture of  transportation  which  must  t)e  marketed 
at  a  profit  to  the  owners.  In  order  to  cover 
this  ground  in  a  single  volume  suited  to  the 
time  that  can  be  given  to  the  subject  in  a  gen- 
eral course  In  civil  engineering  it  was  found 
necessary  to  treat  very  briefly  and  generally 
a  number  of  topics  upon  which  there  already 
exist  well-prepared  special  works,  such  as 
bridge  design,  for  example,  and  to  enter  into 
greater  detail  cm  such  as  only  con8ldere<l  in 
works  of  the  same  class.  The  author  Includes 
a  number  of  original  articles,  among  which  are 
those  on  curve  resistance  and  the  cost  of  the 
worst  class  of  rise  and  fall.   Throughout  the 
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book  an  effort  is  madp  to  have  the  Btudent 
alwa^'B  bear  in  mind  that  there  are  alternative 
ways  of  doing  things  from  those  given  In  the 
text.  After  an  introduction,  in  which  the 
economics  oC  railroad  organization  are  briefly 
outlined.  Permanent  Way  (Part  f  >  is  taken  «p, 
chapters  being  devotrd  to  such  subjects  aa 
alinement,  rails,  rail  fastenings,  ties,  ballast 
and  roadhed,  culverts,  bridges  and  minor 
striicturt'S,  turnouts,  side  tracl<s  and  yards, 
elevation  of  the  outer  rail  and  signaling.  Part 
II  dtoeuBsee  the  TocomotlTe  and  Its  work,  In 
which  the  locomotive  is  described,  its  W(5rk 
claastfled  and  problems  Involving  tractive 
effort,  loads  and  grades  are  analyzed.  Chap- 
ter XIV  disctisses  expenditures  and  the  suc- 
ceeding one  the  effect  on  operating  expense  of 
change  In  the  number  of  trains,  the  tonnage 
remaining  constant.  The  effect  of  distance, 
rise  and  fall,  and  curvature  on  train-mile  costs, 
and  problems  showing  the  saving  due  to  a 
reduction  of  these  factors  form  the  subjects  of 
the  two  following  chapters.  Part  III,  of  five 
chapters,  treats  of  reconnaissance  and  the  pre- 
liminary survey,  as  well  as  location,  construc- 
tion and  h'^f  ferment  surveys.  As  an  appendix 
is  given  a  paper,  by  Professor  W.  T>.  Taylor,  on 
the  location  of  the  Knoxvllle,  La  Follette  & 
Jellico  R.  K.,  of  the  Louisville  and  Nashville 
system,  with  the  ensuing  discussion,  which  ap- 
peared in  Vol.  LI  I  of  the  Transactions  of  the 
American  Society  of  Civil  Engineers.  While 
much  of  the  contents  of  this  paper  is  discussed 
la  the  text  proper^  the  author  feels  that  the 
great  value  of  an  example  judiciously  chosen 
from  practice  is  of  such  effectiveness  in  fixing 
principles  in  the  minds  of  students  and  in  fur- 
nishing them  with  a  variety  of  viewpoints  of 
engineers  of  experience,  that  its  inclusion  is 
abundantly  warranted. 

STEAM-ELECTKIC  POWKK  PLANTS.— A 
Practical  Treatise  on  the  Design  of  Cen- 
tral Light  and  Power  Stations  and  their 
Economical  Construction  aad^  Operation. 

By  Frank  KooRter,  Conaultlng  and  De- 

signiuK  I'Jngineer,  Member  Vereln  DeutS- 

clier  Inpenieure,  Assof  lntf  Member  Ameri- 
can Institute  Electrical  l:;uglneer8.  New 
York:  D.  \  an  No  rand  Co.  Cloth;  7  Ms 
10  V4  Ins..  pp.  xviil.  T  455;  2S0  illustra- 
tions, including  plans,  elevatlona  and  half- 
tone plates.     $5,  net. 

The  author  of  this  work  has  had  an  exten- 
sive experience  In  the  design  and  construction 
of  power  plants  ranging  from  100  up  to  CO, 000 
KW.  capacity,  both  In  this  country  and  in 
ISurope,  and  has  been  clooely  identified  with 
some  of  the  most  prominent  works  of  this  na- 


ture in  the  United  States.  He  here  brings 
together  into  a  coherent  whole  the  very  con- 
siderable amount  of  Information  which  he  has' 
accuniulatcfl  durins;  his  profes.sional  work  in 
regard  to  the  best  approved  modern  practice  in 
the  design,  construction  and  operation  of 
steaiii-elictric  power  plants.  OwIur  To  the 
space  limitation  of  a  single  volume,  no  attempt 
is  made  to  discuss  the  design  of  boilers,  tur- 
oiney,  Kt'uerators,  etc.,  and  for  the  additional 
reason  that  excellent  treatises  on  these  sub- 
jects already  exist.    The  author  has  been  a 

frequent  contributor  to  the  cohunns  of  tech- 
nical journals  on  power  plant  topics,  and  has 
Incorporated  some  of  his  published  artictee. 

revised  and  extended,  in  the  work.  Chapter 
titles  are  aa  follows:  1. — Practical  Problems. 
Rfflciency.  and  Costs.    It. — ^Location,  General 

Layout,  Coal  Storage  and  Condenser  Water 
Supply.  III. — Foundations,  Buildings,  Steel 
Construction,    Architectural    Features,  etc. 

IV  l!()il(>r8.  Grates  and  Stokers,  Coal.  Coni'^ 
hustion.  Flues  and  Chimneys,  Feed-Water 
Heating  and  Porlflcatlon,  Superheating, 
v.— High  and  Low-Pr«  ssure  Piping.  VI. — Re- 
ciprocating Engines.  Turbines,  Condenaers, 
Pumping  Machlnerv'.  Oiling  System.  VII. — 
Electrical  Equi]  i  i  f  VIII — D.  sign  of  Small 
Power   Plants.    IX. — Testing   Power  Plants. 

X.  — Descriptive  Discussion  of  Typical  Ameri- 
can and  European  Light  and  Power  Plants. 

XI.  — Principal  Dimensions,  Data  and  Illustra- 
tions of  Recently  Constructed  Liglit  and  Power 
Plants.  In  an  appendix  are  given  a  number  of 
tahlfH;  of  metric  and  English  weights  and 
measures.  The  work  is  profusely  and  judi- 
ciously illustrated. 


HYDRAULICS. — By  F.  C.  Lea,  B.  Sc,  A.  M. 
Inst.  C.  E.,  Lecturer  in  Applied  Mechanics 
and  Engineering  Design  in  the  City  ant 
Guilds  of  London  Central  Technical  Col- 
lege. New  York:  Longmans,  Otsen  ft 
Co.    London:     Edward  Arnold.  Ototh; 

^  <  j  iits.:  pp.  xli.  +  5S6;  8€7  flgnree 
anil  diagrams.    |5,  net. 

In  this  work  the  author  has  endeavored  to 

embody  the  results  of  the  larpe  amount  of 
experimental  hydraulic  work  which  has  been 
accomplished  during  the  paat  decado  ospe- 
cially  on  the  subject  of  the  flow  of  water — and 
to  indicate  the  methods  used  in  obtaining  these 
results.  The  various  formulas  derived  by 
different  Investigators  for  determining  the  flow 
in  pipes  and  channels  are  given.  Including  par- 
ticulars of  the  data  from  which  the  oonataiita 
were  obtained.  These  data  are  subjected  to 
logarithmic  analysis,  the  results  of  which,  to- 
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S«tlter  with  the  referenoes  «lt«d,  should  prove 

of  marked  value  to  nnpinoers.  In  enabllnK  (hen- 
to  determine  on  the  most  suitable  coefficients 
to  emplor  undor  vairlnt  dreomstances.  Tur^ 

l)!nc8  rocolve  consldorablo  nttontlon.  the  nower 
types  being  sbown,  drawn  to  scale,  and  an 
orlginat  ttnalysls  of  th«  form  of  the  Tanes 
for  mlxpd-flow  and  parallel-ftow  wheels  is 
given.  Centrifugal  pumps  are  quite  fully 
treated,  a  new  dbaraeterlstle  equation  helngr 
devflopod.  from  which  the  perforinaiico  of  the 
pump  can  be  approximately  determined.  The 
work  of  American  investigators  Is  given  prom- 
Innnrr  throiifjhoat  the  book,  and  a  very  con- 
siderable number  of  the  references  made  are 
to  the  Transactions  of  the  Am.  Soc.  C.  B.,  in- 
rliuliiiR  tliose  KivioR  details  of  the  Cornell  and 
Detroit  experiments.  Practically  every  Im- 
portant proposition  Is  tilustrated  by  a  nnmerl- 
cal  caoiihttlori.  and  at  the  close  of  each  chai)- 
ter  from  ten  to  thirty  problems  are  given  for 
the  further  use  of  students.  Chapters  are  de- 
voted to  the  following:  subjectp:  Fluids  at 
Rest:  Floating  Bodies;  Fluids  in  Motion;  Flow 
Of  Water  through  Orlflces  and  over  Weirs; 
Flow  through  Piin's;  Flow  in  Oin  n  Channels; 
Gaging  the  Flow  of  Water;  Impact  of  Water 
on  Vanes:  Water  Wheels  and  Turbines;  Cea- 
trlfiinal  and  Turbine  Pumps;  Reciprocating 
and  Other  Forms  of  Pumps;  Hydraulic  Ma- 
chines; Resistance  to  the  Motion  of  Bodies  in 
Water  (Froude's  exppriiii.'nts  i ;  Stream  Line 
Motion  (Hele-Sbaw's  experiments). 


CONCRETE. — ^By  Edward  Godfrey,  Pittsburg: 
The  Author.  Flexible  Leather;  4%  x  6)^ 
Ins.;  pp.  448;  illustrated.    12.50,  net 

This  work  may  be  divided  into  four  parts. 

The  first  outlines  the  f!r**nrral  yntnriples  to  lie 
followed  in  selecting  the  materials  for  making 
plain  and  reinforced  ooncrete.  In  connection' 
with  which  a  thoronprh  exposition  of  the  prop- 
erties of  concrete  and  cement  is  given,  together 
with  some  data  on  the  cost  of  concrete  atruo- 

tnres.  After  this  sortion  are  reprinted  three 
articles  by  tlie  author  which  appeared  in  the 
"Engineering  News"  during  the  year  1908,  to- 
gether with  rriticisnis  of  these  articles  and  the 
replies  of  the  author  to  these  criticisms. 
These  artielea  deal  with  the  dealgn  of  rein* 
forced-concrete  heriTt>P  -I'l'l  il's,  rolumns  and 
footings  and  retaining  walla.  Following  these 
articles  are  reprinted  a  number  of  other  arti- 
cles which  appeared  In  "Concrete  Enj^ineer 
Ing"  in  1&07,  together  \^ith  criticisms  oi:  ihe&v 
artkles  and  the  author's  replies  thereto. 
These  uttdea  deal  with  the  design  of  reln- 


foreed-concrete  beams,  slabs,  arches,  ehlmneys, 

columns,  domes,  vaults,  etc.,  the  design  of 
foundations,  tho  shear  of  concrete  and  Its  ap- 
plication to  the  design  of  beams  and  the  design 
of  dams  and  the  use  of  concrete  therein.  Tho 
final  section  of  the  book  coneiats  of  a  number 
of  cuts  reprodttoed  from  various  technical  jour- 
nals,  showing  piers,  culverts,  small  arches,  etc., 
and  illustrating  cunrent  practice  in  their  de- 
sign. To  those  unfamiliar  with  Mr.  Godfrcar'a 
articles  on  the  de.siirn  of  heams.  slabs,  columns, 
etc.,  this  work  will  prove  interesting  and  valu- 
able reading.  The  rather  novel  method  which 
he  uses  in  presenting  the  matter,  namely,  by 
reprinting  articles  of  bis  which  had  prevlooaly 
appeared,  along  with  the  crlttdsma  and 
answers  to  these  criticisms,  makes  the  book 
valuable  in  that  both  sides  of  these  some- 
what unsettled  questions  are  brought  out, 
thereby  allowing  the  reader  to  draw  his  own 
conclusions  independently  of  the  author,  and. 
furthermore,  adds  an  element  of  Interest  to 
the  reading  that  practically  all  technical  works 
lack.  Altogether  Mr.  Godfrey's  work  is  a 
valuable  contributtoa  to  the  literature  of  con- 
crete and  concrete  engineering. 


THE  STEAM  TURBINE.— By  Robert  M.  NeU- 
son,  Associate  Member  of  the  Institution 
of  Mechanical  Bnglneers;  Chief  of  the 
Tschnteal  Department  at  the  Hartlepool 

Works  of  ifessrs.  Richardsons.  WestRarth 
&  Co.,  Ltd.  Fourth  Edition,  llevised  and 
Enlarged.  New  York  and  London: 
Longmans.  Green  &  Co.  Cloth;  6x9 
ins;  ])]).  \x\i.  mil;  387  figures,  46 
plates  and  many  tables.    $4.20  net. 

The  Brst  edition  of  this  book  appeared  six 
years  ago.  Since  that  time  a  very  large  part 
of  the  history  of  the  steam  turbine  has  been 
made,  and  for  the  present  (fourth)  edition,  in 
consequence,  the  text  has  been  almost  entirety 
rewritten,  and  a  number  of  new  chapters 
added.  To  do  this  without  unduly  enlarging 
the  size,  some  of  the  older  matter  and  an 
explanatory  chapter  on  entropy-temperature 
diagrams  have  been  omitted.  The  author's  en- 
deavor has  been  to  treat  the  auhject  In  a  man- 
ner Intelligible  to  the  average  engineer  who  is 
equipped  with  a  fair,  though  not  necessarily 
extensive,  scientific  education.  The  mathe- 
uiatieal  exposition  of  the  theory  involved  has 
been  rendered  as  simple  as  possible,  and  much 
attention  has  been  given  to  the  description  of 
the  minor  details  of  the  various  types  of  tur- 
bines considered,  which  have  so  great  an  influ- 
ence In  det.  rmlnlng  success  or  failure.  Con- 
tents:   Fundamental  Notes  and  Definitions; 
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History  of  the  Steam  Turbine:  The  Conversion 
of  the  Heat  Energy  of  Steam  into  Kinetic 
Energj- :  Classification  and  Comparison  of  Tur- 
bine Types;  Losses  and  Efflclenties;  Vane 
Speeds  and  Buclcet  Efficiency;  The  De  Laval 
Type  of  Turbine:  Rateau,  Zoelly  and  Hamil- 
ton-Holzwarth  Turbines;  Elektra  SinRlo-stage 
Turbines;  Curtis,  A.  B.  Q.,  and  Elektra  (Two- 
stage)  Turbines;  The  Parsons  T>-pe  of  Turbine; 
Mixed-Type  Steam  Turbines;  Low-Presaure 
Steam  Turbines;  Effects  of  Steam  Pressure. 
Superheat  and  Vacuum  on  Efficiencies;  Turbo- 
Generators;  Steam  Consumption  Tests;  Steam 
Turbine  Power  Plants;  Ship  Propulsion  by 
Steam  Turbines.  Appendix  I  gives  EngHsh- 
metrte  equlvalenta  of  steam  pressure,  v«eunin 
anfi  steam  consumption,  and  is  followed  by  a 
second  one  in  which  are  listed  the  British 
patents  for  or  relating  to  ateftm  turblMB  fram 
1784  up  to  Jan.,  190S. 


THE  COLORADO  SPRINGS  LIOHTINQ  CON- 
TROVBR8T.— A  CompUatlm  of  the 
Records,  with  an  Introduetton  and  Elpl- 

tome  by  Henry  Floy,  M.  A.  I.  E.  E.  New 
York:  Illuminating  Engineering  Publitb- 
ing  Co.    Cloth;     ),i^x9H  PP*  227: 

illustrated.    $4,  net. 

The  controversy  between  the  City  of  Colo- 
rado Slirings.  Colo.,  an  i  the  Plke'n  Peak 
Hydro-Electric  Company  has  become  mem- 
orable because  It  decided  In  a  Jadtdat  way 

three  questions  of  great  importance  to  those 
engaged  in  the  buainess  of  electric  lighting. 
These  qaesttons  are:    Pint,  tbe  meaning  of 

the  phrase  "An  arc  light  of  standard  2.000 
candlc?powcr;  second,  the  monetary  damage 
accruing  by  the  substitution  of  a  6.6-ampere 

series  alternating-current  arc  lamp  for  "an 
arc  light  of  standard  2,000  candle-power"; 
third,  the  financial  damage  resulting  from  the 
failure  to  maintain  the  substituted  lamps  at 
flielr  normal  operating  conditions.  The  con- 
li-oversy  gains  additional  value  from  the  fact 
that  many  of  the  most  eminent  experts  of  the 
country  testified  on  the  tiuestlona  involved. 
The  Important  character  of  the  (inestlons  set- 
tled and  the  fact  that  the  case  was  nrbitratad 
under  the  statute,  there  being,  therefore,  no 
ri'iord.s  of  the  case  published  In  the  law  jour- 
nals, le  i  the  author  to  put  the  facts  of  the  case 
in  book  form.  As  a  member  of  the  Board  of 
ArhiLrutlon  wlilch  finally  settled  the  matter, 
Mr.  Ploy  was  iieculiarly  fitted  to  undertake  the 
work  of  rollectlng  the  facts  and  putting  them 
into  permanent  shape.  The  author  first  gives 
a  general  synopsis  of  the  cor-irm.  isy.  and  the 
exhibits  of  the  plaintiff  and  defendant  then 


follow.  The  testimony  of  the  experts  for  botb 
sides  and  the  summing  up  of  the  attorneys  is 
given.  The  award  of  the  Board  ot  Arbitra- 
tion and  a  good  index  close  the  book.  Alti^ 
gether  it  is  a  work  that  will  be  of  permanaat 
value  to  electrical  engineers  and  lawyers 
throughout  the  country. 


TECHNOLOGICAL  DiCTIOXARY. — In  French. 
German  and  English,  with  a  Large  Sup- 
jilement.  including  all  Modern  Terms  and 
I'^xpressions  in  Electricity.  Telegraphy, 
Telephony.  Etc.  Edited  by  Alexander 
Tolhausen.  Ph.  D;  Revised  by  Louis  Tol- 
hauten.  Fifth  Edition.  New  York:  The 
Hacmlllan  Company.  Cloth;  i%  x  tyk 
ins.  Vol.  I  (French-German-Bngllsh). 
pp.  xii.  +  1006;  Vol.  II  (English-German- 
French  1,  pp.  xiv.  -  Ki2G;  Vol.  Ill  (Oer- 
man-£ngli«h-French),  pp.  xii.  +  1086. 
Each  Tolame,  |S.76,  net. 

The  first  edition  of  this  valuable  reference 
work  for  engineers,  chemists  and  technologists 
appeared  in  1S77  and  comprised  some  76,000 
words.  The  present  ffifth>  edition  contains  a 
supplement  giving  the  equivalents  of  about 
16,000  additional  words,  wbfeh  the  advances 
in  recent  years  have  made  it  necessary  to  in- 
clude, particularly  in  electricity  and  chemistry. 
The  work  covers  the  various  brandies  of  engi- 
neering, architertnre,  the  Industrial  arts, 
trades,  manufactures,  theoretical  and  applied 
chemistry,  ete.,  and  will  be  found  to  be  an 
invaluable  companion  by  those  who  find  It 
necessary  to  consult  technical  periodicals  or 
books  printed  tn  French  and  German,  while 
the  various  cqulvalentB  of  business  and  com- 
mercial terms,  together  with  the  technical 
definitions,  make  it  an  Indispensable  one  to 
manufacturers  and  others  having  a  foreign 
trade  in  countries  where  these  languages  pre- 
vail. 


ENGIXEKRING  KE.MlNIsrESCES. — Contrib- 
uted to  "Power"  and  the  "American  Ma- 
chinist." By  Charles  T.  Porter.  Honorary 
Mem.  Am.  Soe.  M.  E.  Xew  York:  John 
Wiley  ft  Sons.  London:  Chapman  A 
Hall,  Ltd.  Cloth;  6^x0  Ins.;  pp.  335; 
illustrated.    $3  net. 

To  all  who  are  interested  in  the  history  of 
the  high-speed  Steam  engine,  this  work  of  Mr. 
Porter  will  prove  most  pleasant  and  entertain- 
ing reading.  The  author,  holding  as  he  does, 
a  most  prominent  position  among  those  who 
heli>ed  to  develop  and  introduce  this  typo  of 
engine,  is  one  of  the  few  living  men  who  are 
In  a  position  to  write  a  work  of  this  character, 
which  not  only  serves  to  some  extent  as  an 
historical  record  ot  an  important  period  ot 
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cooitruction  and  development,  but  as  a  valu- 
Abl«  biography  as  well.  Among  the  ac<»ant8 
of  particular  intert-st  is  that  of  the  evolutloa 
and  luauufacture  of  the  lirst  central  counter- 
poise governor.  One  of  tb«  remlnlaeencei, 
•which  reads  more  like  a  novel  thnn  an  account 
of  cDglneeriug  work,  is  the  description  of  the 
manufacture  and  wblbttton  of  the  flrst  lllgh- 
spped  steam  onglnr  cxhihitod  in  England.  A 
sumll  experimental  engine  had  run  successfully 
In  this  country  and  a  larger  one  woe  at  once 
designed.  It  was  !;hipped  to  England  without 
being  assembled  or  tested,  and  ran  at  the  rate 
of  150  revolattons  per  minute,  which  was  con- 
sidprc'd  to  be  a  remarkable  speed  at  that  time. 
The  story  of  the  difficulty  Mr.  Porter  encouQ> 
tared  In  the  aale  of  the  engine,  due  to  the 
fart  that  It  was  a  non-condensinj:  pnplnc.  holds 
one  8  attention  throughout.  The  work  is  writ- 
ten In  a  simple  but  Interesting  stjrte  and  Its 
pernf^al  will' doubtless  give  many  an  engineer 
several  pleasant  hours. 

ELEVATOR  SERVICE. — By  Reginald  Pelham 
Boltou.  Member  of  the  American  flodety 
of  Mechanical  Engineers;  Author  of  "Mo* 
ttve  Powers  and  Their  Practical  Selec- 
tion." Published  by  the  Author,  at  S27 
Fifth  Ave..  New  York.  Cloth:  7%  x 
10%  ir^  pp.  vlll.  +  69;  n  fiRiires  and 
diagrams,  including  2  folding  plates.  95, 
net. 

In  this  book  the  author  shows  tho  share  In 
the  work  of  the  elevator  which  is  actually  con- 
tributed by  the  public  using  it,  and  by  the 
analysis  of  a  considerable  amount  of  person- 
ally collected  data  he  establishes  a  duty  or 
rating  for  elevators,  the  speed  and  numlier  of 
floors  served  belnp  given.  The  method  of  cal- 
culating the  desirable  combination  of  elevators 
and  building  Is  thus  brought  out.  and  some 
interesting  comparisons  are  made  as  to  the 
tenancy  of  various  classes  of  buildings,  which 
should  prove  of  great  value  to  thoee  who  oob> 
template  the  erertinn  of  similar  structures. 
The  subject  of  express  service  is  dealt  with,  as 
also  Is  that  of  the  equal  division  of  traftc  to 
the  upper  and  lower  portions  of  hlRh  build- 
ings. Much  valuable  and  hitherto  unavailable 
Information  in  regard  to  the  sises  of  elevstor ' 
cars  is  given,  together  with  the  proportionatt 
loads  which  accompany  their  use  in  serving 
certain  numbers  of  floors.  Chapters  are  ln« 
eluded  under  the  following  titles:  Vertical 
Transportation;  Operating  Conditions;  Passen- 
gers and  Operators;  Rating  the  Work  of  the 
Elevator;  Computing  the  Average  Work:  Ex- 
press Service;  The  Shape  and  Size  of  the  Car; 
iioad  and  Bpeed  Combinations;  The  Building 
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and  Its  Proportionate  Service;  Relation  of 
Elevators  to  Area,  Occupants  and  Floors.  A 
large  folding  diagram  Is  given,  by  mean«  of 
which  the  number  of  elevators  for  various 
numbers  of  floors  can  be  readily  found  for 
buildings  of  varying  areas  and  for  different 
conditions  of  tenancy,  and  by  which  the  ele- 
vator service  of  existing  buildings  can  be  ao- 
curateTy  compared  with  others.  An  interest- 
ing and  useful  glossary  of  terms  used  in  con- 
neetton  with  elevators  is  also  Included. 


THE  ELECTRIC  FURNACE.— Its  Evolution. 
Theory  and  Practice.   By  Alfred  Btans- 

fietd,  Professor  of  Metallurgy  In  McOlU 

University.  Montreal.  Toronto:  The 
Canadian  Engineer.  New  York  and  Lon- 
don: The  Hill  Publishing  Co.  Cloth:  6 
X,  9  Ins.;  pp.  211;  68  text  illustrations.  $2. 

The  rapid  development  of  the  electric  fur- 
nace and  the  many  improvements  which  have 
been  made  In  it  In  the  last  few  years  have 
made  It  extremely  difficult  for  the  metallurgist 
to  keep  himself  informed  of  these  advances. 
Five  years  ago  the  electric  furnace  was  llttU 
more  than  a  scientific  curiosity;  to-day  It  Is 
looming  up  as  a  rival  to  both  the  Bessemer 
converter  and  the  open  hearth  furnace.  The 
advances  and  improvements  In  the  methods  of 
coDstructiou  and  operation  of  the  electric  fur- 
nace are  here  treated  by  Professor  Stansllald  in 
a  simple  and  interesting  styie.  The  book  con- 
sists of  a  series  of  papers,  written  about  a 
year  ago.  for  the  "Canadian  Engineer"  and  now 
collected  by  the  author  Into  one  volume.  The 
opening  chapter  of  the  book  presents  a  concise 
account  of  the  history  of  the  eleetrlo  furnace. 
Chapter  IT  is  devoted  to  the  description  and 
classification  of  the  various  types  of  furnaces. 
In  Cbspter  ill  the  question  of  the  eflidency  of 
the  electric  furnace  and  the  relative  cost  of 
electrical  and  fuel  beat.  Chapter  IV  takes  up 
in  detail  the  design,  construction  and  opera* 
tlou  of  the  electric  furnace.  The  next  two 
chapters  treat  of  the  production  ot  Iron  and 
steel  In  the  electric  furnace  and  Its  other  uses, 
such  as  the  production  of  zinc,  carborundum, 
aluudum,  etc.  The  worlc  closes  with  a  short 
chapter  on  the  future  of  the  olectrtc  furnace, 
the  author  giving  his  views  as  to  the  possibili- 
ties of  Its  development.  Professor  StansSeld's 
worit  will  be  found  valuable  by  metallurgists 
as  heing  a  coinpl^te  and  thnrrpiigh  compendium 
of  present  day  knowledge  on  the  subject  of  the 
electric  furnace.  Its  value  is  enhanced  by  tre> 
quent  references  to  articles  in  rpcent  technical 
publications  and  to  papers  presented  before 
various  scientiflc  sodetlse. 
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Civil  Bagfncerfng. 

METHODS  FOR  EARTHWORK  COMPUTA- 
TIONS.— Hy  C.  W.  Crockett.  Professor  of 
Mathematics  and  Astronomy,  Rensselaer 
Polytechnic  Institute.  New  York:  Jobn 
Wiley  &  Sons.  London:  ChaP'tDan  &  Halli 
Ltd.  Cloth;  6x9  iM.;  pp.  X  -l-  114;  W 
flgurea.  11.50,  net. 

SECOXDARY  STRESSES  IN  BRIDGE 
TRUSSES. — By  C.  R.  Grimm.  0.  E..  M. 
Am.  Soc.  C.  E.,  etc.  New  York:  John 
Wtlejr  4k  Sons.  London:  Chapman  ft  Hall, 
Ltd.  Clotb;  C  x  »  Ins.:  pp.  vlH  -i-  140;  «0 
UluatratSona  and  13  Bumerlcal  example*. 
12.60. 

BooKomlcs. 

CORPORATE  FINANCE  AND  ACCOUNTING. 
— TrfTitiiiK  of  the  Corporate  Finances  and 
ScMuiitH's;  lln'  Corporate  Books  of  Ac- 
count:  Ri'ports:  .\v>t,'()t iahlp  Instruments; 
and  the  Powers,  IhuIi'k  and  Relations  of 
the  Corporation  Treasurer.  With  Forms. 
By  Harry  C.  Bentley.  C.  P.  A.  Legal 
Notes  by  Thomas  Conyogton.  of  the  New 
York  Bar.  New  York:  The  Ronald  Preia. 
Cloth;  6x9Vj  ins  ;  pp.  525.  |4. 

Caeologj. 

A  KEY  FOR  THE  DETERMINATION'  OF 
HOCK  FORMING  MINERALS  IN  THIN 
SKCTIO.VS — By  Albert  .Tohannsen.  i*h. 
1).  Mcinbor  V.  S.  Gei'lou-itul  Survey.  New 
York:  .lobn  Wlloy  &  Sons.  London:  Chap- 
man &  Hall.  Ltd.  Cloth:  large  Bto;  pp. 
lx-i-543;  131  figures  and  dlacrams  and  1 
colored  plate.  14. 

Materials. 

DIE  PRUEFUNG  UND  DIF  FIG H.XSf  HAFTEN 
DBR  KALKSANDSTEINE.— Results  of 
Tests  Made  In  the  Royal  Testing  Institu- 
tion at  Gross-Llchterfelde  West.  By  H. 
Bureharts.  Berlin.  Germany:  Jnltns 
SprlnpfT  Paper:  •'■  H  Ins.;  pp.  105; 
IS  illustraiions.  mostly  In  the  text.  6 
marks;  American  price.  $2. 

WOOD. — Manual  of  the  Natural  History  and 
Industrial  Applications  of  the  TItnbers  ot 

Commerce.  By  G.  S.  Boulger,  Honorary 
Professor  of  Natural  Hl.story  In  the  Royal 
AKTlcultural  ColleRe,  Aiittjur  of  "Faniiliar 
Trees."  ftr.  Second  Kdiiioij.  revised  and 
enlart  li  London,  Eng.:  Edward  Arnold. 
New  York:  f.onErnians.  (Jreen  &  Co. 
Cloth:  r. '4  .  >v  ,  i,i><.;  pp.  :\\s:  \s  platen 
and  1-  t<>xt  illii-,'r;it[nn°.    $1..'0  net. 

.Merhnnlcnl  Engineering. 

BAU    RATIO.VELLBR  PRANCISTITRBINEN- 

LArFRAFDKR.  — Und  deren  Schaufelfor- 
mon  fiir  Sohnoll.  Normal — uud  Langsam- 
Laufer.  By  Viktor  Kaplan.  Munich  and 
ntrlin,  Germany:  R.  Oldeubourg.  Cloth; 

•  ins.;  pp.  1^16:  illustration'*  in 

the  t«xt  and  7  plates,  i  marks;  Ameri- 
can price,  13.00. 


DEVFLOP.MKXT  AND  ELI-X'THICAL  DISTRI- 
BUTION OF  WATER  POWER.— By 
I<amar  Lyndon.  New  York:  John  Wllegr  it 
Sons.  London,  England:  Chapman  ft  Hall, 
Ltd.  Cloth:  5%  X  9%  Ins.;  pp.  317;  168 
illnstratlous  !u  the  text.  fSt  net;  ESOCltSll 
price.  12s.  6d.,  net. 

HIGH  STEAM-PRESSURES  IN  LOCOMOTIVE 
8E3RVICE.— By  WillUm  F.  M.  Qoss.  Dean 
of  the  College  of  Engineering.  Dotyerslty 

of  Illinois,  Urbana.  Washington,  D.  C.: 
The  Carnegie  Institution  of  Washington. 
Cloth;  6%  X  10  Ins.;  pp.  114;  120  illus- 
trations, mostly  In  the  text,  and  numerouB 
dlagrama  and  tablea.  $1.25. 

HYDRAULIC  ENGINBSBINO.— A  T^tlse  on 
the  Properties,  Power  and  Resources  of 

Water  for  .Ml  Purposop.  By  Gardner  D. 
HIscox,  U.  E..  Author  of  "Mechanical 
Movements."  etc.  New  York:  The  Normaa 
W\  Henley  Publishing  Co.  Cloth;  6  x  9  ^4 
in--.;  pp.  ?.(\:<  illustrations,  pirtly  ill 

tilt'  text,  and  30  tables.  $4. 

MACHIXR-SHOP  TOOLS  AND  METHODS. — 
By  W.  .S.  Leonard,  formerly  Instructor  In 
Machlue-Shop  Prartice  and  In  Practical 
Machine  Deslgu.  Miehlgan  Agricultural 
Collese.  Fifth  Edition,  revised  and  en- 
larged. New  York:  John  Wiley  &  Sons. 
London:  Chapman  4k  HaU.  Ltd.  Cloth:  0 
X  9  Ins. :  pp.  Ix  +  671 ;  702  flgnrea  In  the 
text.  $1. 

MASSENTRANSPORT.  —  A  Tezt-Book  OD 
Transportation  and  Storage  of  Bulk  Ma- 
terials. By  M.  Buhle.  Professor  of  Ma- 
chine Design,  Hoisting  and  Conveying  Ma- 
fhinerv.  at  the  Royal  Technical  College. 
Drosdci).  StuttKart  and  Leipzig.  Germany; 
I)eut.«che  Verlags-Anstalt  Paper:  - 
11  Ins.;  pp.  3S2:  S^fi  illnstratlons  In  the 
text,  and  SO  tables  L>o  marka;  bonttd.  22 
marks;  American  price,  §8. 

^I«l;»11urgy. 

LEAD  RKKI.M.M;  UY  ELECTROLYSiS.—By 
Anson  Gardner  Betts.  New  York:  John 
Wiley  &  Son.  London:  Chapman  &  Hall. 
Ltd.  Cloth:  6x9  Ins.;  pp.  ix  +  394;  74 
flgurea  and  16  full-page  halt-tone  plataa. 
14. 

THE  BLAST  FURNACE  AND  THE  MANFFAC- 
Tl'RE  OF  PIG  IRON. — ^An  Elem.nTary 
Treatise  for  the  Use  of  tba  Metallurgical 
Student  and  the  Pumaoeman.  By  Robert 
Foray  the.  New  York:  David  Wllltama  Go. 
Cloth;  0  X  OH  Ins-:  PP-  308;  text  llnatn* 
tlons,  13,  net. 

WASHING  AND  COKING  TESTS  OP  COAL. 
AND  CUPOLA  TESTS  OF  COKEL— Con- 
ducted hy  the  United  States  FneKTestlnff 

Plant  at  St.  Louis.  ^To  .  Jan.  1.  190'.  to 
June  .'?0.  1907.  By  llicliard  M(ddenke.  A. 
W.  il.l'len  and  G.  R.  Kehiniater.  With 
Inlroduciifin  liv  J.  A.  Hyliues.  In  Charge 
of  Techtinlo^ir  Uranch.  Bulletin  No 
U.  S.  Geological  Survey.  Washington.  D. 
C.    Paper;  5%  x  9  ins.:  pp.  70. 
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The  publication  of  material  in  this  section  is  not  paid  for.  While  it  partakes  more  or  less  of  the  nature  of  ad- 
vertising of  the  firms  mentioned,  it  is  intended  as  review  notices  of  some  of  the  more  important  cataloguesreceived 
describing  neio  features  in  machinery,  materials,  processes,  etc.,  of  interest  to  the  engineering  profession. 


AN  EXHIBITION  OF  MATERIALS  AND 
APPLANCES  FOR  THE  HOME  AND  ITS 
CONSTRUCTION. 

ArchltectB,  engineers,  builders  and  manu- 
facturers of  material  used  in  the  construction 
of  the  exterior  and  Interior  of  houses  will  be 
interested  in  the  Home  Show,  which  is  to  be 
given  at  the  Grand  Central  Palace  from  May 
2nd  to  May  9th,  inclusive. 

The  intention  of  the  management  is  to  inter- 
est every  man  and  woman  to  whom  the  word 
"home"  is  something  more  than  a  word  de- 
manding definition.  An  endeavor  has  there- 
fore been  made  to  secure  the  co-operation  of 
manufacturers  of  all  kinds  of  supplies  for  the 
house,  not  to  speak  of  the  land  on  which  the 
house  is  to  be  built. 

A  feature  likely  to  attract  considerable  at- 
tention is  the  display  to  be  made  by  three 
different  firms  engaged  in  the  construction  of 
portable  houses.  These  temporary  homes 
(which  can  with  slight  additions  be  made  per- 
manent) are  of  interest  to  all  who  have  been 
called  upon  during  surveying  work  or  on  simi- 
lar occasions  to  construct  a  habitation  for  the 
time  being.  They  are  especially  attractive  to 
the  fisherman  or  city  man  of  sporting  proclivi- 
ties who  desires  to  establish  himself  in  a  sum- 
mer home  at  small  cost. 

In  addition,  two  makers  of  concrete  houses 
will  endeavor  to  show  the  latest  models  In  this 
line,  giving  particular  attention  to  the  neces- 
sity for  the  waterproofing  and  flreproofing  of 
material.  Miniature  homes  will  be  constructed 
in  the  booths  secured  for  these  particular  ex- 
hibits and  visitors  will  be  shown  the  whole 
process  from  the  preparation  of  the  material 
to  the  construction  of  the  complete  edifice. 

Nine  makers  of  electrical  supplies  and  novel- 
ties have  obtained  space  at  the  Palace,  and  It  Is 
announced  that  the  latest  inventions  for  con- 
venience, as  well  as  for  necessity,  along  these 
lines  will  be  shown.    Plumbers  and  manufac- 


turers of  interior  decorations  will  make  a  good 
showing,  and  an  endeavor  has  been  made  ta 
demonstrate  just  what  can  be  done  for  the 
home  In  the  way  of  added  attractiveness  in 
doors  and  artistic  stairways. 

Applications  for  space  In  the  part  of  the 
Show  devoted  to  paints  and  varnishes  have 
been  so  numerous  that  the  management  has 
found  It  necessary  to  restrict  the  number  of 
those  exhibiting  in  this  line.  Roofing  material 
of  all  kinds  is  another  sub-division  which  is 
likely  to  secure  the  attention  of  the  suburb- 
anite. Hardwood  and  parquet  fiooring  will 
constitute  a  separate  department  which  should 
be  visited  by  a  largo  numl>er  of  those  who 
attend  the  Show.  An  exhibit  which  promises  to 
bevaluablcas  well  as  Instructive  will  show  what 
can  be  done  with  aluminum.  Ordinarily,  the  uses 
of  this  metal,  so  far  as  the  house  Is  concerned, 
have  been  restricted  to  the  kitchen,  but  the  Idea 
of  at  least  one  of  the  exhibitors  at  the  Home 
Show  is  to  prove  that  It  can  be  utilized  to  ad- 
vantage In  many  other  parts  of  the  house. 

For  the  outside  of  the  house  and  the  decora- 
tion and  care  of  the  lawn,  a  variety  of  rustic 
furniture,  awnings,  lawn  mowers  and  sprink- 
lers will  be  shown.  For  those  Interested  In 
the  upkeep  of  the  small  farm  there  will  be 
exhibits  of  Incubators,  wiring  for  chicken  runs, 
etc.  Attention  may  also  be  called  to  the  care 
which  has  been  taken  to  Insure  the  latest  In- 
ventions for  the  ventilation,  sanitation  and 
heating  of  the  house.  All  of  the  prominent 
manufacturers  of  radiators,  both  in  this  coun- 
try and  in  Canada,  will  be  represented  on  the 
main  fioor,  and  the  best  appliances  for  securing 
a  current  of  pure  air  in  the  closed  house  dur- 
ing the  winter  will  be  shown. 

Other  departments  which  will  undoubtedly 
attract  are  those  given  up  to  house  furnish- 
ings, hangings  and  decorations,  kitchen  appli- 
ances and  bedroom  effects  and  labor-saving 
devices  used  in  the  modern  home. 
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ECONOMICAL  STREET  CLEANING. 
The  problem  of  cleaning  paved  streefai 

qiiirkly  and  efficiently  at  a  low  rost  Jb  one 
which  has  perplexed  municipal  oillcials  for 
many  years.  In  many  places  the  work  Is  done 
by  "white  wlnRs."  who  receive  from  tl  to 
$1.75  p«r  day  and  who  cover  but  a  small  area. 
The  large  sweepm,  which  are  horse-drawn, 

are  oxpfnsivo  hi  their  first  cost,  retiuiro  1  to 
2  horses  per  sweeper,  besides  the  driver,  and 
also  raise  a  great  deal  of  dust,  whleh  Is  objeo- 
tlonal)!o  to  persons  iisinp  the  street  while 
sweeping  is  going  on.  An  easily  operated  hand 
sweeping  machine  has  recently  been  placed  on 
the  market,  at  a  low  cost,  which  does  thp  work 
ot  about  three  men;  as  it  requires  but  one  man 
to  operate  It.  a  decided  saTlng  Is  effected,  great 
eucugh.  in  fact,  to  pay  for  Itself  in  from  one 
to  two  months.  This  hand  sweeper,  which  is 
known  as  the  "Peerless,"  Is  sold  by  James  S. 
Barron.  1211  Franklin  St.,  X<-w  York  City.  An 
important  advantage  of  the  "Peerless"  ma- 
chine is  that  It  will  pick  up  the  finest  dnat, 
which  horsi^  .swooiipra  or  '  wblte  wlnga"  either 
leave  behind  or  throw  into  the  air. 

The  ''Peerless"  machine  Is  rapidly  being 

aduiitf'd  liy  tlie  street  cleaning  departmen'S  of 

many  cities  throughout  the  United  States  ana 
Canada.  A  recent  report  ot  the  Superin- 
tendent of  the  Street  Cleaning  Departmrnt  of 
Washington,  D.  C..  states  that  in  the  first  year 
the  machines  were  Installed  a  saving  of  $15,000 
was  effected,  and  the  superlntendeut  stated  in 
his  report  that  a  consldc>rat)1y  larger  sum 
would  be  saved  the  following  year,  as  the  ma- 
chines had  been  rented  for  a  considerable 
period  of  time  before  being  purchased.  Cost 
data  showing  the  saving  effected  by  the  use  ot 
the  "Peerless"  sweeper  hy  many  other  cittee, 
and  by  corporations  using  it  for  cleaning  large 
Iloor  spaces,  etc.,  may  be  had  on  appliratfon  to 
the  agent. 

Thf»  machhn  is  not  only  adapted  for  clean- 
ing streets,  but  can  be  used  for  sweeping  ware- 
houses, platforms,  and  other  large  unob- 
structetl  floor  spaces.  It  was  the  only  hand 
swcepvr  used  at  the  St.  Louis  Exposition  in 
1904,  and  was  also  used  (or  sweeping  the 
streptfl  nnd  ol»>.intnE:  the  floors  of  the  largo  ex- 
hlbitlou  buildings  of  the  Centennial  Exposi- 
tion at  Portland,  Ore.,  In  1905. 


IMPBOVEl)  FOKM  OF  MILL  FLOOK. 
In  the  design  ot  the  new  jute  mill  ot  the 
Columbian   Rope  Co.,  at  Aulxnn.  X.  Y.,  the 
architect,  Mr.  Charles  T.  Main,  of  Boston,  has 
Introduced  somewhat  unusual  (eaturea  In  th« 


design  of  the  floors.  Because  of  the  large  siso 
and  excessive  weight  ot  the  machines  In  the 

second  and  third  stories,  ns  well  as  on  account 
of  vibratory  effect  of  their  rotary  movement, 
exceptional  strength  and  stability  was  required. 
The  columns,  spaced  on  10-ft.  bays  across  the 
building  and  on  18  to  24  ft.  centers  length- 
wise, are  ot  16xl6-In.  Georgia  pine.  The 
beams  riinnlnK  lenRthwIso  of  the  mill  are  of 
the  same  size  and  material,  while  the  flooring 
is  of  e*ln.  plank,  spliced  and  toe  nailed  to- 
gether, and  covered  with  ordinary  maple  top. 
The  result  is  a  practically  solid  floor  which  is 
absolutely  rigid  and  capable  ot  sustaining  the 
heaviest  possible  loads. 


A  IIBIXF()HCi:i>-roxcUETB  FAOXOBT 
WITH  flO-Kr.  8PAX9. 

There  has  been  recently  completed  at  831 
West  15th  St.,  New  York  City,  a  &-story  re- 
inforccd-concrete  factory  building  which 
presents  some  unique  and  interesting  features. 
The  owner  ot  the  building  Is  a  soda-water 
maTinfnettirer  and  to  meet  his  rennlrements 
it  was  necessary  to  design  a  building  which 
would  allow  teams  to  drive  all  over  the  lint 
floor.  To  do  this  GO-ft.  spans  were  necessary. 
The  building  was  designed  by  Mr.  Howard 
Chapman,  ArcAitect,  the  engineering  details 
worked  ont  and  the  eonstniction  carried  on  by 
the  Turner  Construction  Co.,  11  Droadway. 
New  York  City. 

Test  borings  showed  that  water  wonld  not 
be  encountered  at  the  depth  required  for  the 
foundations.  The  sandy  soil  required  care- 
ful shorfnp:  of  all  the  neighboring  houses. 
The  underpinning  was  carried  to  the  same 
depth  as  the  footings  ot  the  new  building. 
The  remainder  of  the  lot  had  sheet  piling  as 
was  required  by  the  local  character  of  the 
sand.  The  depth  of  the  basement  Iloor  below 
the  street  level  made  the  taking  care  of  the 
bank  pressure  a  special  problem.  It  was  met 
by  a  battered  and  buttressed  wall,  heavily 
relnfnrred . 

The  building  is  50x150  ft.,  with  a  50x66  ft. 
"U"   The  main  part  of  the  building  has  no  ia- 

tiTiiir  colnnms.  th^  "O-ft.  beams  restinp  on  the 
walls  direct.  These  walls  along  the  west  side 
of  the  balldtng  are  ISO  ft.  long  and  on  the  east 
side  90  ft.,  the  beams  resting  on  pilasters.  In  the 
walls,  2  ft  thick.  The  cross-section  of  the 
beams  varies,  but  In  general  the  beams  for  the 
"Ij"  part  of  the  buildliiK  are  7  Ins.  wide  and 
1 2  ins.  deep  below  the  bottom  of  the  4-in.  slab 
and  are  spaced  S  It.,  eenter  to  oenter.  Tto 
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RFHSFORCED-CONCRETE  FACTORY  WITH  50-FT.  BEAMS. 


50-ft.  epan  beams  are  14  ins.  wide  and  2  ft. 
10%  ina.  deep  below  the  5-in.  slab,  being  8 
ft.  center  to  center.  The  50-ft.  span  beams 
are  reinforced  with  8  bars  1  in.  sq.  and  4  bars 
1  %  ins.  sq.  Proper  stirrups  and  bending 
up  of  the  tension  bars  are  provided  to  take 
care  of  shear.  The  reinforcement  used 
throughout  the  building  consists  of  cold- 
twisted  steel  bars  with  round  bars  in  the  col- 
umns and  spiral  hooplngs  around  the  vertical 
rods.  The  vertical  rods  have  their  ends 
threaded,  and  are  placed  one  directly  over  the 
other  and  held  In  place  by  gas-pipe  couplings 
BO  that  stress  once  taken  by  the  vertical  steel 
can  be  transmitted  directly  to  the  footings. 

The  forms  were  made  of  dressed  lumber, 
those  for  the  50-ft.  beams  being  made  in  3 
sections  and  set  on  4x4-in.  pieces,  which  were 
yoked  together  and  wedged  up  from  the  floor 
to  true  line  and  grade,  except  at  the  points 
where  the  three  sections  were  Joined  together. 
Under  these  points  the  4x4s  were  capped  with 
3x8-in.  pieces  cut  to  exact  length,  this  being 
determined  by  accurate  levels  taken  on  tha 
floor  underneath  the  beams.  The  figure  shows 
what  an  excellent  line  was  obtained  along  the 
bottoms  of  these  beams. 

The  method  of  construction  employed  on 
this  Job  was  different  from  that  on  the  ordi- 
nary concrete  building.  The  supporting  of  the 
50-ft.  beams  directly  on  the  walls  made  im- 
possible the  conventional  skeleton  method  of 
erection.  The  method  followed  was  to  All  the 
long  walls  up  to  the  bottom  of  the  beams  and 
then  set  the  forms  for  the  beams  and  slnbs. 
These  complications  retarded  the  speed  gen- 
erally possible  in  relnforced-concrete  buildings, 
the  best  rate  of  progress  made  being  a  com- 
plete floor  of  10,500  sq.  ft.  in  11  working  days. 


The  concrete  used  was  a  1-2-4  mix  with 
%-in.  trap  rock,  sand  and  Vulcanite  cement. 
The  concrete  was  put  in  quite  wet  and  care- 
fully puddled  in  columns  and  walls  and 
well  distributed  in  slabs  and  beams  and 
girders. 

In  connection  with  the  building  is  a  chimney 
of  reinforced  concrete  which  is  135  fc.  high, 
with  an  inside  diameter  of  7  ft.  The  thick- 
ness above  25  ft.  from  the  ground  is  6  ins. 
Up  to  25  ft.  above  the  ground  there  is  a  doublo 
shell  with  a  4-in.  air  space  between  the  Inner 
and  outer  walls,  the  interior  shell  beln;j;  4  las. 
thick  and  the  exterior  6  ins.  This  chimney 
was  put  up  in  vertical  fills  3  ft.  4  ina.  deep, 
two  being  made  each  day.  The  concrete  up 
to  the  roof  level  of  the  main  building  wa"  run 
irto  the  chimney  forms  by  chutes  from  the 
different  floor  levels.  After  the  chimney  rose 
above  the  roof,  gin  poles  28  ft.  long  were  used. 
The  concrete  was  hoisted  up  to  the  roof  of 
the  main  building,  carried  in  carts  from  the 
hoist  to  the  corner  of  the  roof  near  the  chim- 
ney and  loaded  in  buckets  connected  with  the 
chimney. 

The  floors  were  designed  for  150  lbs.  per  sq. 
ft.,  except  on  the  1st  floor,  where  '2'>0  lbs.  was 
called  for,  and  on  the  roof  where  a  load  of 
only  50  lbs.  per  sq.  ft.  was  specified.  All  ele- 
vator and  stair  walls  are  enclosed  in  rcin- 
forced-concrete  partitions  4  Ins.  thick.  The 
w^indows  on  the  street  front  are  plain  glass  set 
in  wooden  frames.  On  the  remaining  sides  of 
the  building  hollow  metal  frames  with  ^-iu. 
ribbed  wire  glass  were  specified.  Skylights 
and  pent  house  lights  are  also  wire  glass. 
Excepting  the  front  doors,  which  are  of  the 
best  quality  cypress,  all  doors  are  of  the  stand- 
ard sliding  fireproof  type. 
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rHE  PRESERVATION  OP  TIES  AND  STRUG- 
TURAIi  TIMBER. 
Owing  to  the  increasing  cost  of  all  classes  of 
timber,  the  question  of  prolonging  the  life  of 
timber  used  In  construction  work,  such  as  tlrs, 
fence  posts,  etc.,  is  a  matter  of  vital  im- 
portance. 

Decay  is  caused  by  the  action  of  fungi,  which 
require  for  their  development,  air.  water  and 
heat.  If  one  or  more  of  these  can  be  eliml- 
nated,  fungi  will  not  develop  and  the  wood 
will  not  be  subject  to  rapid  decay. 


XlEViT  SHOWING  THE  DESTRUCTIVE  EKKECTS 
OF  THE  TEREDO  0.\  TIMBER. 

Various  methods  of  prolonging  the  life  of 
timber  have  been  used  with  varying  results,  a 
frequent  cause  of  failure  being  based  on  the 
fact  that  the  preservatives  used  will  leach  out 
when  exposed  to  the  weather.  Tho  ideal  pre- 
servative is  one  which  can  be  made  to  pene- 
trate sufficiently  into  wood  without  mechanical 
pressure,  and  which  has  a  surface  coating  to 
prevent  the  preservative  from  leaching  out. 
A  compound  that  meets  the  above  conditions 
te  the  Teredo-Proof  Paint,  manufactured  by 
the  Teredo-Proof  Paint  Co.,  17  Battery  PI., 
New  York,  which  has  been  used  in  the  South 
for  over  twelve  years  and  is  now  beginning  to 
be  used  in  all  parts  of  the  country.  There 
are  on  exhibition  in  the  office  of  this  company 
railroad  ties  which  have  been  in  service  In 
Florida  for  over  nine  years.  These  ties  were 
simply  immersed  In  hot  preservative  for  1» 

MAT. 


minutes  and  their  excellent  condition  is  ample 
proof  of  the '  preservative  qualities  of  the 
Teredo-Proof  Paint.  There  are  also  on  ex- 
hibition sections  of  ties  treated  at  their  fac- 
tory by  a  different  process,  by  which  a  pene- 
tration of  from  1  »^  to  2  ins.  was  secured,  with- 
out mechanical  pressure,  at  a  cost  of  less  than 
25  ctB.  per  tie.  Visitors  who  are  interested  ia 
the  preservation  of  wood  are  at  all  times  wel- 
come to  come  and  Inspect  the  exhibits  of  the 
company  at  their  offices. 

The  process  by  which  the  ties  are  treated 
is  simply  to  immerse  them  in  the  prese''vatlve, 
kept  at  boiling  point  for  one  hour  and  then  t(» 
apply  two  coats  of  cold  Teredo-Proof  Paiiil 
with  a  brush,  or  to  immerse  in  another  vat  for 
5  or  10  minutes.  The  preservative  being  aj.-- 
plied  cold  to  the  hot  tie  is  rapidly  absorbed 
by  the  wood,  while  the  heavy  pigment  seals  up 
the  pores  and  prevents  moisture  from  entering. 

Ties  treated  by  this  process  are  less  liable 
to  sun  checks  than  when  other  preservatives' 
are  used.  The  great  advantage  of  this  process 
is  that  it  requires  a  minimum  of  expenditure 
for  the  necessary  equipment,  while  the  work 
can  be  dono  at  any  desired  point  along  the 
railroad. 

Teredo-Proof  Paint  has  been  used  exten- 
sively in  China  and  has  proved,  after  very 
severe  tests,  to  be  highly  efficient  against  the 
attack  of  the  white  ant,  an  insect  even  more 
destructive  on  land  than  the  teredo  is  under 
water. 


APPARATIS    FOR    RECORDING  RRIDGB 
STRAI.NS. 

An  interesting  instrument  for  measuring  the 
deflection  and  strain  on  loaded  bridges  and 
other  structures  has  recently  been  put  on  the 
market  in  this  country.  The  recorder,  as 
shown  in  Fig.  1,  consists  essentially  of  an  am- 
plifying lever  moval)le  around  a  horizontal 
axis.  The  short  arm  of  the  lever  receives,  by 
means  of  a  stirrup,  a  rod  and  steel  wire,  the 
motion  to  be  recorded.  The  extremity  of  the 
long  arm  carries  a  special  pen  which  traces 
the  curve  on  a  chart  carried  by  a  recording 
cylinder  made  to  turn  regularly  by  means  of 
clockwork.  The  short  arm  of  the  lever  Is 
fitted  with  steel  bearings  having  conical  boles 
corresponding  to  the  amplifying  ratios,  20,  10, 
2  and  2.5. 

Tho  short  arm  of  the  lever  is  moved  by 
means  of  a  rod  which  is  in  operative  connec- 
tion with  the  roadway  by  means  of  a  wire, 
specially  stretched  to  avoid  oscillations.  For 
recording  the  deflection  of  a  beam  the  instru- 
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no.  1.    RICHARD  BRIDOB-8TRAIN  RBOORDBR. 


FIO.  2,   RBCORDBR  IN  POSITION. 


m«nt  .to  preferBbtr  placed  fn  tbe  rottdiraar. 

When  a  vertical  fi<>nfcf ion  is  to  be  recordeij  the 
lower  end  of  the  wire  is  anchored  to  tbe  earth 
ftnd  to  the  upper  end  of  the  roedwrnf  Itaelf; 


the  recordlne  be(ag  obtained  by  a  relative 
moTement,  the  wire  playing  the  part  of  a  Used 
rod.  as  Indicated  In  FIr.  2.  For  measuring 
a  burizontal  deflection  a  fixed  point  is  estab- 
lished at  the  level  of  the  roadwajr.  the  wire 
being  atfarhod  to  a  spiral  spring  in  connection 
with  tbe  uppi;r  level  of  tbe  roadway,  and  two 
andioracea  In  the  earth.  The  fixed  point  thus 
servos  to  operate  the  recording  instrument. 
By  means  of  other  arrangements,  direct  rec- 
ords of  deflections  or  displacements,  meosvred 
not  from  the  earth  or  the  anchorage,  but  rela- 
tive to  the  structure  Itself,  can  be  obtained,  as, 
for  example,  the  deflection  of  the  center  of  a 
beam  referred  to  its  supports. 

Tbe  wide  range  of  application  of  this  Instru- 
ment, together  with  the  valae  of  the  records 
which  may  he  obtalnori  by  its  use,  makes  it  in- 
dispensable in  the  testing  of  bridges  and  simi- 
lar stractnres.  The  single  fact  that  the  de- 
flecffon  of  a  bridge  Is  generally  regarded  aa 
the  factor  which  decides  tbe  length  of  Its  life. 
Shows  the  Talne  of  an  Instrument  of  this 
Charaeter.  This  deflection  recorder  is  manu- 
factured by  Jules  Richard,  of  Paris,  France, 
and  is  sold  In  this  country  by  Ernest  Du 
VlTler,  14  Church  8t,  New  York. 


FOR  THE  HLE. 

Catalogs  and  itteralnre  of  naehiiiery,  tools 
and  aupplie*  used  by  engineers,  coolieciora.  etc., 
should  Always  bo  on  liaad  for  rafarenco.  When 
writing  the  manafaelorsr  or  doalar  whoso  catalogs 
haro  boon  ro viewed  or  advortised  in  ths  rnplussi 
iag  Digest,  pleaso  state  that  yov  Saw  Ae  ssais 
OMntioaod  in  this  magaaiae. 


THE  FAUXHAM  HUE  BOOK. — National 
\Va I nr proofing  and  Cleaning  Co.,  1  Madi- 
son A\t  ,  New  York.  Paper;  Z%  x  S  Ins.; 

This  booklet  describes  the  method  of  water- 
prooflng  stmcturee  employed  by  the  National 
Waterproofing  and  Cleaning  Co..  which  con- 
trols tbe  Farnbam  patents.  The  method, 
briefly,  consists  In  the  uae  of  pure  wax  either 
on  the  surface  or  in  the  body  of  the  Structure. 
The  prepared  wax  is  either  painted  ou  the  sur- 
face, thereby  effectually  cfoalag  up  the  pores, 

added  in  (he  form  of  a  powder  to  the  cement, 
or  applied  to  tbe  surface  under  the  influence 
of  heat.  The  company's  preparations  are  ap- 
plicable, not  only  to  concrete  structures,  but 
to  marble,  limestone,  native  rubble  stone  and 
brick  struetureo,  as  well. 
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FOREST  MANAQEMENT.— F.  R.  Meier,  Con- 
■ultlng  Forester,  1  Broadway,  New  York 
City.  Paper;  5  x  C  tna.;  8  pages. 
In  tliie  booklet  Mr.  Meier  discusses  briefly 
the  management,  preservation  and  Improve- 
ment of  forest  estates,  tlmlier  tracts,  wood- 
lauds,  game  preserves,  lands  of  water  supplies, 
timber  estimating,  combating  of  insect  pests 
tnd  diseases  of  trees,  etc.  Mr.  Meier  was  trained 
in  the  home  of  forestry — Germany — and  after 
several  years  of  practical  experience  in  tliat 
oountry  came  to  the  tJnfted  States,  where  for 
16  years  he  has  been  engaged  in  work  along 
the  line  of  his  profession,  at  the  present  time 
In  the  capacity  of  consnlting  forester. 

MECHANICAL  WATKR  FILTKUS.— The  New 
York  Continental  Jewell  Fiitratlon  Co.,  15 
Broad  St.,  Kew  York.    Taper;  9x6  Ins.; 
4  8  pages;  illustrated. 
The  New  York  Continental  Jewell  Filtration 
Co.,  which  controls  a  majority  of  the  patents 
for  various  types  of  mechanical  filters  for  the 
purification  of  public  and  private  water  sup- 
plies, in  this  catalog  give  the  standard  sizes 
of  the  various  types  of  fUten  whldi  they  manu- 
facture together  with  a  short  summary  of  the 
advantages  and  uses  of  each  particular  type 
A  number  of  tables  are  also  given,  which  show 
the  cfflcieney  of  various  filtration  plants  in- 
stalled by  the  company,  as  indicated  hy  tests 
covering  a  coaildtnMa  parlod  of  time. 

WATERWORKS  SPECIALTIES. — The  Water- 
works Eqaipment  Co.,  180  Broadway,  New 
York.  Paper:  0x8  Ins.;  4%  pages;  Il- 
lustrated. 

This  catalog  illustratesi  and  doicrlbca  : 
number  of  machines  and  appliances  manufac- 
tured by  the  Waterworks  Eiin:pinr>ut  Co. 
Among  these  are  several  tapping  machlues, 
some  of  which  are  equipped  with  gasoline  mo- 
tors, this  company  holding  the  exclusive  right 
to  manufacture  tapping  machines  equipped  in 
this  manner.  Among  other  articles  Ulustratod 
are  emergency  sleeves,  corporation  stop  cocks, 
pipe  Jointers,  thawing  machines,  pumping  out- 
fits, etc.  Two  substitutes  for  lead,  lead  wool 
and  leadite  are  also  described  and  their  ap- 
plications illustrated.  A  number  of  interest- 
ing testimonials  are  also  given. 

FORMS  AND  CENTERING  FOR  CONCRETE 
WORK. — The  Durante  Co.,  4t  Broadway. 
New  York  City.    Paper;  6x9  Ins.;  12 

pages;  lllnstratf^d. 

This  circular  describes  the  sheet — and  cor- 
rugated-metal forms  manufactured  by  this 
company  for  us.-  <'>n  nH  rla  ;  rs  of  ronrrote  con- 
struction. These  forms  weigh  only  about  one- 
halt  as  much  per  surface  foot  aa  ordinary 
forms,  and  have  unusual  strength  and  rigidity. 


They  are  rented  on  a  basis  that  glvoi  a  con- 
tractor the  use  of  three  stories  or  sets  of  forms 
for  very  Uttle  more  rental  than  one  set.  and  at 
no  greater  expenae  than  the  bnlldins  of  one 
story  with  a  set  of  wooden  forms,  thus  saving 
in  first  cost  and  hastening  the  time  of  oomide- 
tlon  of  the  work.  Curved  forma  for  wwar  and 
invert  work  in  briok  and  conereto  are  alao  da* 
scribed  and  illustrated. 


THE  HBNNIBIQUE  ARMORED  CONCRETE 
SYSTEM. — Hennibique  Construction  Co., 
1170  Broadway,  New  York,     Paper;  ft  X 

11  lus. ;  ^8  pages;  illustrated. 

This  catalog  describes  the  Hennlblquo  ay*- 

teni  of  rolnforced-roncrete  construction,  ac- 
cording to  which  more  than  twenty-two  thou- 
sand  buildings,  at  a  coot  of  more  than  $100,- 
000. OOn,  have  been  constructed.  Francois 
Hennibique,  the  inventor  and  patentee,  after  a 
number  of  years  of  study  and  tests,  devised  bio 
system.  In  which  the  reinforcement  of  the 
beams  is  formed  by  steel  bars  placed  at  the 
lower  flange,  where  the  tensile  stressee  occur, 
and  by  vertically  plarlns  stirrups  embracing 
the  steel  tension  bars,  and  intended  to  take  the 
vertical  and  horlxontal  shear  developed  in  the 
beams.  The  system  is  described  in  full  detail 
in  this  catalog  and  many  illustrations  are  given 
showing  Its  wide  range  of  applleatton  to  engt 
noerlng  construction  in  general. 


IRON  AXn  WIRE  FE.NCES,  RAILINGS. 
GATES.  ETC — Anchor  Post  Iron  Worka, 
41  Park  Row,  Now  York  City.  Catalog 
No.  36.  Paper:  8)4  x  6^  Ins.;  24  pacea; 
Illustrated. 

This  catalog  describee  and  lUustratea  a 

few  of  the  large  line  of  wire  fences  made  by 
(his  company,  together  with  a  number  of  ex- 
amples of  wrought-iron  railings  and  gates.  A 
metallic  pojst  used  In  connection  with  the 
lenclng  manufactured  by  this  company  consists 
of  a  U-shaped  bar  of  high-carbon  steel,  the 

«?hnpf»  of  ppction  and  qnaMty  of  steel  doubly 
providing  for  strength  and  stiffness.  This  post 
is  anchored  simply,  but  effectively,  after  being 
driven  Into  the  ground,  by  having  two  blades 
or  stakes  driven  into  the  ground  at  opposite 
angles  through  a  socket  faatened  to  the  base  of 
the  post.  No  difrc;fnEr  is  required,  and  the 
posU  are  held  firmly  by  the  angle-iron  bladea 
and  always  maintain  their  true  allDemont. 
The  posts  are  galvanized  and  their  durability 
has  been  well  tested  through  the  ten  yeara 
they  have  boen  manufactured.  A  new  prodoet 
of  the  company  a  chain-link  wire  fence  net- 
ting made  made  of  No.  6  wire  with  meshes  2  ^ 
ins.  square.  This  is  claimed  to  ba  tlU 
strongest  and  best  fendng  fabric  to  be  had. 
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TECHNICAL  PRESS  INDEX 

220  BROADWAY,  NEW  YORK 


This  Iiid«K  l>  tateiided  to  eomr  the  tMA  of 
techolcal  literature  In  a  manner  that  will 
make  It  of  the  greatest  use  to  the  greatest 
mmhm-^Oat  fe.  tt  will  mdmswor  to  lltt  all  tlw 
articles  and  comment  of  technical  value  ap- 
pearing In  eorrent  perio<Ucala.  Ita  arraage- 
ment  haa  bMtt  made  wltt  tba  view  Ita 
adaptability  for  a  card-Index,  which  engineers, 
architects  and  other  technical  men  are  grad- 
ually coming  to  consider  aa  an  Ittdlapannbla 
adjunct  of  their  offlcea. 

Each  item  gives: 

1.  Pull  title  and  author. 

t.  Name  and  data  of  pubUeatlon. 

3.  An  estimate  of  length  of  article. 

4.  A  short  descriptive  note  regarding  the 
leepa  of  tha  artlda — where  eonaidaTed 
sary. 

5.  Price  at  which  we  can  supply  current  ar- 


Hw  PtthUahava  do  not  oanr  eoplea  of  aajr 

of  these  articles  in  etock,  but,  if  desired,  will 
supply  copies  of  the  periodical  containing  the 
artl^  at  tha  prleaa  mmtloned.  Aar  pranlnB 
asked  for  ontf«C-data  eoplaa  avat  bo  added  la 

this  price. 

The  principal  Jonmala  In  the  various  fields 
of  tedialeal  work  are  shown  In  ttie  accompany- 
ing list,  and  easily  understood  abhravtetlOM 
of  these  names  are  used  In  the  ladez. 

The  Editor  cordially  Invites  critlclems  and 
suggestions  whereby  the  value  and  usefulneae 
of  tha  Indaz  can  ba  eitaBdad. 

In  order  to  comply  with  the  numy  miggee- 
lad  yaqnealB  of  readers  who  desire  to 
make  practical  use  of  this  Index.  It  Is  printed 
on  one  side  of  the  sheet  only,  to  permit  tho 


UST  OF  PERIODICALS  INDEXED 

journals;  proceedings  and  transactions  of  AMERICAN 

TECHNICAL  SOCIETIES 


Journal  Am.  Foundrymen's  Assn. 
Journal  Assoc.  Engineering  Societies. 
Journal  Eng.  Soc.  of  Western  Pa. 
Journal  Franklin  Institute. 
Jonmal  West  Society  of  Bnglneera. 
Pffoeaedinga  Am.  Soc.  C.  B. 
Froeaadlnga  Am.  8oa  M.  B. 
Proeeadlnga  Can.  Soe.  0. 


Proceedings  Engineers'  Club,  Philadelphia. 
Proceedings  New  York  R.  R.  Club. 
Proceedings  Pacific  Coast  Ry.  Club. 
Proceedings  St.  Louis  Ry.  Club. 
Proceedings  U.  S.  Naval  Institute. 
Traasaetlona  Am.  Inst.  Electrical  Engineera. 
TranaaetloBa  Am.  Inat.  Mining  Bnglneera. 
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nHSTKm  ■VHSra  IMf MEW 

A  Journal  D«vot*d  to  th«  Arcbliecta,  ContfUMn^  Bd* 
fiDMn  and  Bnlldera  or  tlio  Paelfle  CouC 

Sa.00  {Mr  aoBum  la  the  C.  &— Otkar  CounUlM.  I&OO. 
ilagi*  toptw,  fl»  CMlib 

•IS  mmBMiB  St.  SAN  nUNOUOd,  OALi. 

Ik  Mmrfil  llipiiM  , 

A  UoaXUr  HacadM  an  ladiiatrUl  BstHaaartac  tar 

Ma__k_            ■         akM  A. _  Adk 

Blasto  ODf  laa  20  aanta.                   Obi  jm*  |t.Sn. 

Sl  Fuk  Bav,  MSW  roRK. 

Hie  Caiiadiui  Mmucipal  Jouroai 

OBoUl  Oim  of  tte  DooJalM  nS  ProtiMM  Uataw  «( 

MMiM  tlw  angm*  o(  BVIRT  B«Blct|Mllty  ta  eutS*. 
M— thly.  aM  Mtor  pir  ywr:  md  mou  p«r  oopr. 

Room  90,  Alllaneo  Building. 

MONTREAL.  CANADA 

Tkc  Iron  Age 

A  Jannat  al  Ik*  iron,  suei    M»ui.  itaiiMniij  aai 

Hardwars  Trsde? 
F  _;bBrr:pi  Inn  Price.   S,'i  <kl  p.:r  year   in  '.he  OBltad  Stfttsa 

and  ItaxlAo;  $1.B0  In  all  oUiar  cauotrlas.    Stngla  oaplaa 

DATtD  WILUAMS  CO.. 

14-16  Park  Placa.  NBW  TORK. 

Compre$*«d  Air 

Mon'hly,  Ii-vuicJ  Ic  Ui«  theory  and  practice  of  com- 
pr«aa«d  air.  ptieumatlc  tools,  air  ooiaproaaor  doai«a,  air 
Un  puoDping,  tunMllBg,  nek  awaratlon,  etc. 

Ite.  iMr  copy.                                 Sl.OO  par  yaar. 

PUDlUbMl  Df 

TBTB  COirPRieSSBD  AIR  MAOAZTNB  CO.. 

BowllnB  Orepii   B)dg..   NEW   YORK  CITY. 

Mining  Science 

A  aaaaallialiaa  af  Oraa  n4  Malala  aad  Mlatae  RavaaMt 

A  Waridy  tmmml  Derotad  to  Mlalot,  BMaltaBr  asA 

Baglaacrlns. 

13.00  ■  jaar.                                           10  cmts  a  copy. 

DENVER.  COIiO. 

Oectric  Railwsj  Review 

B««t  •dited,  moat  up  lo-date  and  raptdty^grwirlBK  Jour- 
sal  to  Uie  traction  flald.    PubllalMd  nwf  Sktuidty.  Do- 
naatlc,  $2.00:  Canada.  13.90;  athar  IbNivi  Mtiatnaa. 
fS.OO;  ilngle  coplaa,  10  cents. 

THB  WILSON  COMPANY, 
ISO  HurtMB  81.,  OhiMso.       IM  Naanu  St..  Naw  York. 
IBSS  WIINMBMn  Bite..  CIralaml.  O. 

Progressive  Age 

Treats  of  Gas  aad  Its  aypUeaUon  to  domaaUe  and  !»• 
duatclal  avantiaaa.    Sabaerfvltaa  SS.    SpactaMii  aapr. 
15  oaata. 

ihO  Broadway,  NBW  YORK. 

Engiiiecriiig-CoBtnctiiig 

A  W««kl7  Jouroal  tvr  Otrtl  Knctnean  and  Contractors; 

with   which  la  Iccorpornled 

■NQIKEKRINO  WORLD  and  CONTRACT  NBW& 
■itehllabcd  ISni-Brerr  Wedneadar-^t  ■  Taw. 

SnS  DMTtern  St.  CIIICAOOk  ILL. 

The  Raiiway  Age 

Leader  and  arknowledged  authority  la  all  steam  rail- 
way matter*     I'ubllt^bed  every  Priday;  avar  2,000  paiat 
a  y*.*T.     DomeBllc.    $4  (K);    Canada.   ^.5.30;  atkaT  ttrlfca 

couolriaa.  tt^.uu.  ftliigle  copiw,  lu  couts. 

THE  WILSON  COMPANY, 

iw  nainaoo       cdicicq.      lov  ivaaaaa  But  naw  xan. 
isa»  Wrtllaaiaaa  Bite-,  Glavalaiid.  0. 

EVBMriBf  Mews 

A  faunal  ar  Ovll.  Maelianteal.  MlalaB  and  ■laetrttat 
■Dflnaartas. 

Waakljr,  $:>on  par  jrear:  ainsia  copies.  15  caata. 

Publlabad  rrerr  Thursday  by 
THB  BNOINIBRINO  NEWS  PUnLI.Stl INU  CO., 

220  Oroadwar.  NBW  YORK. 

BelabMshed  18".' 

For  Roadmasters  and  ForemeD,  Eoglnoera  and  Super- 
intendents of  Malnteoance  of  Way,  SupariaMaSaMa  aaS 
Foremen  of  Bridges  and  Bulldlogs. 

■laBthtjTt  tLOO  por  year;  single  copies,  10  cents. 

.TV:i  Dearborn  St..  CHICAOO,  lU* 

Publishers 


will  find  it  to  their  advantage 
to  have  a  one-inch  card  on  this 
page,  opposite  the  list  of  Peri* 
odicals  Indexed  
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AMERICAN  AND  CANADIAN  PERKXaCALS 


At^tyleae  Journal. 

AainrliiMi  ArdiltMt  and  Bnlldtng  N«m. 

AmericaD  Artisan. 

American  Builders'  Review. — See  Adv.  oppo- 
Bite. 

American  Carpauier  &  Builder. 

American  Engiaeer  aad  R.  R.  JoniuL 

American  Exporter. 

American  Gas  Ligltt  JoanuU. 

▲mertcan  laduatrlfla. 

American  InTsntor. 

AflMncan  Jounal  of  Bdoaoa. 

Aniorlcan  Machtntot. 

American  Shipbuilder 

Arcbilect  &  Engineer  of  CailXornia. 

Architectural  Art. 

Architectural  Record. 

Archllectural  llevlew. 

Architects'  and  BuUders'  Mag. 

Architecture. 

AutomoMlo. 

Bailor  Makor. 
Bran  World. 

Brick. 

Bulletin  Am.  Iron  &  Steel  AWB. 
Bulletin  Ql  Dept.  of  Labor. 
Bulletin  Univ.  of  Kaunas. 
Bulletin  Univ.  of  Wisi  oasln. 
Callforniri  Journal  of  Technology* 
Canadian  Architect  and  Buildor. 
Canadian  Cement  ft  Concioto  Borloiv. 
Canadian  Electrical  News. 
Canadian  Engineer. 

Canadian  Machinery  ft  MnnntactBrlng  Nowa, 
Canadian  Manofnetnrer. 

Canadian  Mining  Journal. 

Canadian  Municipal  Journal. — See  Adv.  oppo- 
site. 

Carpentry  and  Building. 
Cassler's  Macnnlna. 

Castini^s. 
Cement. 
Cement  Age. 

Oomant  and  BnglnoOrlns  Nam, 

Oement  Bra. 

Central  Station. 

Chomlcal  Bnglaoor. 

Cotd  Storage  and  loe  Trade  Jonmal. 

Commercial  America. 

Compressed  Air. — See  Adv.  opposite. 

Concrete. 

Concrete  Age. 

Concrete  Engineorlas. 

Contractor. 

Cornell  Civil  Engineer. 

Dally  Consular  and  Trade  Reports. 

Domestic  Engineertas, 

Beonomlc  Geology. 

Blectrleal  Ago. 

Vleetrleal  Rorlew. 

Bleetrlc  Jonmal. 

Blectrlc  Railway  Borlow.   See  Adr.  oppmlto. 

Electrical  World. 
Electric  Traction  Weekly. 
Electrochemical  and  Mptallnrglcal  Tndustryv 
Engineering-Contracting. — See  Adv.  oppoitta. 
Engineering  and  Mining  Journal. 
EnRlneerint?  Magazine. 
Bnglneerlng  Newa. — See  AdT.  oppoelte. 
ItoslneertDg  Record. 


Factory. 

Far  Baatern  Revlow. 

Fire  and  Water  BBglnoenag; 

Koreatry  and  IrrlsitlOD* 

Foundry. 

Clas  Bngtne. 

Gas  Power.  i 

Ula&s  and  Pottery  World. 

Hardware. 

Heating  and  Ventilating  Magaslno. 
Horseless  Age. 
Ice  and  Refrigeration. 
Illuminating  Engineer. 
Implement  Age. 

Industrial  Magazlatd — See  Adr.  CfpoMt. 
Indiwtrlal  World. 
TnlnTTiil  Afckltoet. 
UunnrMMO  Bnsliieerlas. 
Tntematloaal  Marine  Bngl&eerlns. 
Iron  Age. — See  Adv.  <»pgMltlb 
Iron  Trade  Review. 
Irrigation  Age. 

Journal  of  Electricity.  Power  and  Gas. 

Journal  of  U.  S.  Artillery. 

Journal  of  Worcester  Polytechnic  Instltatr 

Machinery. 

Marine  Review. 

Metal  Industry. 

Metal  Worker,  Plumber  and  Steam  Fitter. 
Mlnee  and  MInerala. 

Mines  and  Mining. 

Mining  and  Scientlfle  PrHN. 

Mining  Science. 
Mining  World. 
Modern  M.-n  hlnery. 
Moody's  Magaxlae. 
Motor. 
Motor  Age. 
Motor  Boat 
Motor  Car. 

Municipal  Engineering. 
Municipal  Jouraal  and  Bnglaoor. 
Paper  Trade  Journal. 

Plumber's  Trade  JonraaL 

Popular  Mechsnlce. 

Popular  Scipnce  Monthly. 

PowiT  and  Tlio  Engineer. 

Power  and  TransmiMton. 

Power  Wagon. 

Printers'  ink. 

Profitable  Advertising. 

Progre»>^ive  Age. — Bee  AdT.  oppeiltii. 

Railroad  Gazette. 

Railway  Age. — See  Adv.  opposltOk 

Railway  and  Bnglneerlng  Review. 

Railway  and  LocomotlTO  nisineeriag; 

Railway  and  Marine  World. 

Railway  Engineering. 

Railway  Master  Mechanic. 

Ro.idm.Mst.  r  and  Foreman. — See  Adv.  opposite, 

li.o<  k  rnxhictS. 

Rose  Technic. 

Scientlfle  American. 

Scientific  American  Supplement. 

Selling  Magaetne. 

Sibley  Journal  of  Englneerlns. 

Southern  Machinery. 

Stevens  Inetltute  Indicator. 

Stone, 

Street  Railway  Journal. 
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TaehDlcal  World 
Technology  Qaartorl/. 
Tsxtile  Mtmilietiim^  Joutittl. 


Watorproonng  and  FtrepTooftDS. 
Western  Blectiidaa. 
Wood  Craft 
Wood  Worker. 


PRINCIPAL  BRITISH  PERIODICALS 


Agricultural   Chroalcle.     (m.)  London. 
Architect.     (w.)  London. 
Archllecla'  Magazine,     (m.)  LiOadOD. 
Architectural  Review,    (m.)  LondOII. 
Autocar,   (m.)  London. 
Autoaioblle  JoornaL   (m.)  London. 
AutoBbotor  Journal,    (w.)  London. 
Board  of  Trade  Journal,  (w.) 

Ht^Plttll^V^^  ( ]Bfte  ^ 

Brlttth  day  Worlwr.  (m.) 
British  Trade  Review,  (m.) 
Builder,    (w.)  London. 

BulIdiuK  Industries,    (w.)  Glasgow. 
Civil  Engineering,     (w.)  London. 
Cold  Storage.      (m.)  London. 
Colliery  Guardian,    (w.)  London. 
Commercial  Motor,     (w.)  London. 
Concrete  &  Constr.  Engg.  (b-m.)  London. 
Contract  Journal,    (w.)  London, 
aiaetrloal  Bngiiitar.  (v.) 
BtoBtrlcal  BngliiMrtDS.  (w.) 
Blectrlcal  Macaslne.    (m.)  London. 
Electrical  Progress,    (m.)  London. 
Blectrlcal  Review,     (w  )  Loadoin. 
Electrician.     (w, )  London. 
Blectrlclty,     (w.)  London. 
SJn^neer.     (w.)  Loudon. 
Kng^lneoring      (w.)  London. 
Eaglaeerlng  Review,    (m.)  London. 
Engineering  Timet,  (w.)  London. 
Engineering  World,    (w.)  London, 
■ttglneers'  Gazette,    (m.)  London, 
an^lah  Mo^ante.    (w.)  London. 
Om  and  on  Fowor.    <m.)  London. 
Qas  Engineers'  Magazine,    (m.)  London. 
Hardware  Magazine,   (m.)  London. 
Implement  and  Machinery  Rev.  (m.)  London 
Iron  and  Coal  Trades  Review,  (w.)  London. 
Iron  and  fltool  Tradoa  Jovmal.  (w.)  London. 


ironmoTtper.     (w,)  London. 
Iro!i:!i'iiiizi  y:^'  Chronlclp.    (w.)  T.i'rulon. 
Journal  of  Gas  Lighting,     (w.)  London. 
Journal  of  Society  of  Arts,    (w.)  London. 
Locomotive  Magazine,    (m.)  London. 
Marine  Engineer,  (m.) 
Mariner,    (m.)  London. 
Uocbanical  Engineer,  (w.) 
Mechanical  World,  (w.) 
Mining  Engineering,  (m.) 
Mining  Journal,    (w.)  London. 
Mining  World,    (w.)  London. 
Motor,     (w.)  London. 
Motor  Boat,     (w.)  London. 
Motor  Car  Journal      (w.)  London. 
Motoring  Illuetrated.     (m.)  London. 
Municipal  Journal.     (w.)  LOttdon. 
Nature,     (w.)  London. 
Oil  Trades  Gazette,     (m.)  London. 
Paio'a  Woektar.    (w.)  London. 
Pnpor  Mnkor.   <m.)  London. 
Paper  Making,    (m.)  London. 
Petroleum  World,    (m.)  London. 
Practical  Engineer,    (w.)  London. 
Public  Works,     (q.)  London. 
Quarry,     (m.)  London. 
Railway  Engineer,    (m.)  London. 
Railway  Gazette,    (w.)  London. 
Rnllwajr  Magaslno.    (m.)  London. 
Baltimr  Tlttoa.    (w.)  London. 
Science  Abetrart.a,     fm.)  London, 
Sells'  Commercial  Advertiser,    (w.)  London. 
Bnrveyor.    (w.)  London. 
TntUo  Journal,    (m.)  London. 
Tftnbor  Tradat  Journal,    (m.)  London. 
TImns  Entrlnperlng  Supplement,  (w.)  London. 
Tramway  and  Railway  World,  (m.)  London. 
Walor.  (m.) 


PRINCIPAL  FRENCH,  GERMAN  AND   OTHER  FOREIGN  PERIODICALS 


Annaloa  dot  Ponta  ot  Ohanartaa.  (m.)  Paria. 
Baton  und  Bison,    (a.)  Tlonnn. 

Bf'lon/(Mtun>:.    (s-m.)    Hallo  a/8. 

Cemento.     (m.)  Milan. 

Oomptea  Rondo*  do  I'Aoad.  dto  SdanOM.  (w.) 

Parle. 

Deut.'^rhe  Bauieltung.     (b-w.)  Berlin. 
Dlngler's  Polytechnic  Journal.  (w.>  Berlin. 
Eleenbahntechnlsche  Zeitsdir.  (b>m.)  Borlln. 
Biactriclen.    (w.)  Parla. 
Blektrlscbe  Rrattbetrlcbe  und  Bahnen.  (w.) 
Berlin. 

noktrochamlsebo  ZottidulCt    (m.)  Boriln. 
Bloktroteehnlk  nnd  Haadilnonton.  (w.|  YU 
onna. 

Elektrotechnlsche  Zeltschrlft  (v.)  BOrtln. 
BlettrlcltA.     (w.)  Milan. 
0«nle  Civil,    (w.)  Paris. 
Oesundhelts-Ingenleur.    (e-m.)  Mnnldl. 
Industrie  Bleetrtque.    (e-m.)  Paxifl. 
Xngenlorta.    (a*m.}    Buanoa  Alioo. 
tngonloor.   (w.)  Hacuo. 
Journal  f.  GasbelottClitnnc. 
MiUllurgie.    (w.)  Pnrln. 


Minora  MMtloano.  (w.) 
Moia  SdontUl^ino.    (m.)  Paris. 
Organ  f.  d.  Portachrttte  dos 

(m.)  Wiesbaden. 

Revlsta  d.  Obras  Pub.    (w.)  Madrid. 
Hevista  Tech.  Indus.     (m.y  Barcelona. 
Revuo  do  M6canlque.   (m.)  Paris. 
Revue  G^'-n.  des  Chemlns  de  Fer.  (m.)  Paria, 
Rovne  G£n.  dea  Sciences,  (w.)  ParUk 
ROTOO  Industriello.    (w.)  Parla 
Ramo  TeehnlQno.  (t»>m.)  Parla. 
Ravtata  Mtortttlma.  (m.)  Bomo. 
Sehlffban.    (••m.)  Berlin. 
Schwelzerlsclie  Bauzeltung.  (w.)  Zurldl* 
Stahl  und  Elsen.   (w.)  Diisseldorf. 
Technique  .Sanltalre.  (m.)  Paris. 
Zeltechrift  filr  Bauwesen.  (q.)  Berlin. 
Zoltachrlft  f.  d.  Ooaamta  TttrMnanwaaan 
Munich. 

Zeltschrlft  d.  Oast  Ing.  nnd  ArdL  Tor.  (w.) 

Vienna. 

Zeltschrlft  d.  Ver  Deutscher  Ing.  (w.)  Berlin. 
Zaltadirlft  fOr  Bloktrocbomla.  (w.)  Hallo  n/B. 
Bantmlblntt  d.  BsttTonraltnnf.  (o-w.) 


(w.) 


/mdr*  to  4^ln  k»im  *m  Sitmd  Pm^  F^Unpinr. 


Diqitized  by  Goo<?Ie 


THE  ENGINEERING  DIGEST  541 

Resembling  Rubber,  It  Is  A 

Preservative 

Qln  order  to  properly  ami  icientifically  protect  a  surface 
from  corrosion,  decay  or  other  destmclnre  ageiit»  as  in  the  case 
of  steel,  iron,  wood  or  concrete,  it  is  necessary  to  cover  or 
treat  the  same  with  a  substance  or  liquid  which  is  absolutely 
weather,  water  and  acid  proof.  The  protective  qualities  o( 
Carbon  Lampblack  against  water,  oxidation  or  acids  place 
it  in  the  foremost  rank  as  a  pigment.  It  is  greasy  and  in 
a  measure  elastic.  This,  combined  with  other  carbons, 
forms  the  pigment  lor  several  grades  of 

CARBONKOTE 

Q  In  the  manutacturc  of  Nubian  Carbonkote,  Linseed 
Oil  and  Chinese  or  Tong  Oil  are  chemically  combined. 
The  combination  is  more  expensif  e  than  Linseed,  but  it  pro- 
duces a  quality  of  paint  unequaled.  One  of  its  peculiarities 
is  in  its  drying  simultaneously  duroughout  the  coat.  Linseed 
dries  with  a  diin  skin  00  die  surface,  and  to  diis  fault  may  be 
laid  many  failures  of  paint 

4  Chinese  Linseed  Varnish  is  particularly  adapted  as  a 

vehicle  for  paint  exposed  to  atmospheric  influences,  on  account 
of  hardness,  solidity,  quick  drying,  elasticity  and  water  re- 
pellent properties.  The  addition  of  Linseed  in  the  propor- 
tions employed  in  Carbonkote  imparts  greater  adhesive 
properties  and  does  not  destroy  its  peculiarity  of  drying  uni- 
formly throughout. 

^  It  costs  you  nothing  to  send  for  information  on  Carbon- 
kote. We  have  just  received  from  the  printers  our  new 
literature,  which  explains  10  detail  our  paint  and  also  gives 
important  information  on  the  preparation  ot  a  surface  to  re- 
ceive paint,  so  diat  the  best  possible  results  may  be  obtained. 

Send  for  It 

NUBIAN  PAINT  &  VARNISH  CO. 

40  Park  Row,  NEW  YORK 

It  Wm  B«  Hutnally  Bokaflclal  to  8*7  Wbere  You  Skw  th«  AdTirtMeaMDt. 


^  Kj  .  d  by  Google 
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INDEX  TO  ARTICLES 

ARCHITECTURE. 

For  Sttel  ami  Beinforetd  Concrete  Bmldit^  Co$utntetioH,  Foundatioiu,  M€uoiuy,  He.,  tee  "Engineering 
OombrueHon  and  MateriaW  under  CIVIL  ENOIlfEEBING;  for  BeoHng  and  VenHlalion,  wemMMtioii 
rimilarly  entitled  under  MECHANICAL  ENGIXEEBING,  fnr  Electric  Lighting,  see  "  Lighting" 
Wider  ELECTRICAL  ENQIN BERING f  for  EUvatort,  see  "  Hotsting  tmd  Handling  Machinery" 
under  MBCHAKICAL  ENOINEBSINO ;  tor  Bumbing  and  SanUaiion,  m  "Sewerage''  itndor 
MUNICIPAL  ENQIEEBSIXa. 


The  lufluence  of  thf^  Kcole  dos  nonux-Arta 
on  Our  Architectural  Education.  Frof.  A. 
D.  F.  Hamlin.  Arch  Rw— Apr.,  08.  S800 
w.  40c, 


Tho  University  of  California.  Arch  ROO — 
Apr..  08.    20  figs.    7000  w.  40c. 


AUTC^IiOBZLES  AND  AERIAL  NAVIGATION 


Aorwphiiic. 

The  First  Successful  Trial  of  a  Nnw 
American  Aproplane.  Sc  Am — Mar.  21,  08. 
3  iig.s.  17  00  vv.  20c.  DeserttMs  test  on 
Lalte  Keuka,  N.  Y.,  of  ftn  mtroplane  which 
succeeded  In  llfttng  20  lbs.  weight  per  HP. 
and  which  had  1.48  sq.  ft  of  Bttpportlsc  sur- 
face per  lb.  weight. 

Heavjr  MeAor  TelilfdeB. 

Petrol-Electric  aystems  for  Heavy  Vehi- 
cles. P.  FroBt  Smith  and  W.  A.  Stevens. 
Elec  Engg — .Mar.  26,  08.  2  flus.  2800  w. 
40c.  Paper  read  before  the  Society  of  Road 
Traction  Bngineera. 

Motor-€ar  D^sIrti- 

Apparatus  for  the  Study  of  Auto  Suspen- 
sion. Autoniobllp — .Mar.  I't,  (iS.  J  fl^'S. 
1100  w.  20c.  Translation  from  "La  Tech- 
nique Automobile,"  by  C.  15.  Hay  ward. 

Gaatellated  Sliafts.  Eutx — Mar.  13,  08. 
5  flga.    1200  w.    40e.   Describee  a  Joint 

used  in  the  Lancheeter  motor  car,  consistinv 
of  a  fluted  shaft  on  which  suitably  slotted 
parts  (worm  gears,  change  gears,  etc)  may 

be  mounted. 

Design  and  ConBlructlon  of  Automobile 
Crankshafts.  P.  M.  Heldt.  Automobile — 
Mar.  i;>,  OS.  7  figs.  3.'>0(»  w,  2<Vj.  Paper 
read  before  the  Society  of  Automobile  Engi- 
neers at  Boston. 


Epicycllc  Gearing  for  Automobiles.  T.  A. 
Borthwick.  Cass  .Mas — Apr.,  oS.  10  figs. 
2600  w.  lOr.  An  examination  into  the 
varieties  of  such  mechanism  SS  ITd  Smployfld 

In  modern  motor  cars. 

Oyrostatic  Action — Its  Effect  on  Steering. 
William  W.  Wat.son.  Auto — Mar.  L'fi,  08. 
1200  w.  20c.  Paper  read  before  the  Kojal 
Automobile  Club,  London. 

Motor-Cnr  npsign.  F.  W.  Lanchester. 
Engg — Mar.  13.  08.  16  figs.  70O0  w. 
Mar.  20.  13  flgs.  6500  w.  Each  4Hc 
Paper  read  at  the  Incorporated  Institution  of 
Automobile  Engineers  Mar,  1  l.  Considers  a 
number  of  the  problems  peculiar  to  the  de- 
sign of  automobiles,  Including  worm-drlving> 
screw  propulsion  and  gyroscopic  effects. 

.Multiple  I'nit  Systems. 

Multiple  Unit  Systems  of  Transportation, 
.los.  ph  A  Aaglada.  Auto — Mar.  2i',.  08.  5 
tigs.  L';i«o  w.  20c.  Paper  read  before  the 
Society  of  Autc»mobUe  Englmem  at  Boston. 

Racinft  Cars,  Power  and  Sp<»od  of. 

The  Power  and  .Speed  of  RaclnR  Cars. 
Herbert  L.  Ti.ule,  .Vutamoldlc — Ai)r.  OS. 
2  figs.  3200  w.  20c.  Gives  a  curve  of 
tractive  effort  from  which  the  performance 
and  required  gear  ratio  of  any  standard 
racing  car  may  be  obtained. 


aVIL  ENGINEERING 


imilKiES. 

Arches. 

A  Hinged  Masonry  Arch  with  Zinc  Pilled 
Joints.  Cem — Mar.,  08.  2  llge.  1000  w. 
40c.    Describes  a  French  arch  bridge  of  82- 

ft.  span,  hinged  at  abntnents  and  crown,  the 

resistance  of  the  Joints  ln-fnc:  considerably 
increased  by  pouring  zinc  in  theuj. 

A  Three-IIlnge  Rein  forced-Concrete  Sliew 
Arch  Bridge  in  Denver,  Colo.  Eng  Reo — 
Mar.  21,  08.  8  flgs.  4500  w.  20c.  De- 
scribe!; numerous  features  of  design  and  the 
Qiethodit  employed  lu  construction. 


Bill*  kweliv  iHlnnd  Krldge. 

Till-  Channel  Spans  of  the  Blackwell's 
Island  Bridge.    Eng  Rec — Apr.  11,  08.  11 
flgs.    3800  w.  20e. 
Cairo.  Ktcypt. 

.New  U(»ad  Tlridccs  Over  the  Nile  at  Cairo. 
Engr  (Londi  -Mar.   i:;.  es,     ;;  iiss.  1400 
w.    Mar.  20.     8  tigs.     loOU  w.    Each  40c. 
Columbts  Hirer.  Ore. 

The  Bridging  of  the  Columbia  and  WUltti- 
mette  Rivers  between  Vancouver,  Wash., 
ani  Portland.  Ore.  Ralph  Modjeskl.  Ry 
Age — Mar.  20,  '08.    12  flgs.    2000  w.  20c 
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Lincoln  Once  Reported  to  a  Man's  Creditors 

that  he  had  a  table  and  two  chairs  valued  at  $3.75,  a 
wife  aad  baby  worth  at  least  $50,000  and  there  was  a 
rat  hole  in  one  corner  of  his  office  that  would  bear 

looking  into. 

^  The  point  we  wish  to  emphasize  is  this  :  So  much 
damage  results  to  buildings  and  concrete  construction 
from  the  holes  "  which  let  the  water  in,  that  the  matter 
will  bear  looking  into.  Our  book  on  waterproofing 
tells  the  story.  Sent  free  on  request. 

NATIOIML  WATERPROOFING  &  CLEANING  CO. 

4S  Bast  83d  Mravt  New  York 


WATERPROOFING  AND  FIREPROOFING 

{Publighfd  Monthly) 

A  Jomd  of  Vahe  to  Etmtmm  UtenM  m  Sal«gMvdug  Hedtk  mmI  Pnpvlr 

WstRrnrOllf inn  ''>'"'>'>  >"'-  all  kindH  dis^cuppod  iiioDthlv  by  iiirn  who  arc  i  xjn  it-^  in 
wwaiCI|IIIIWIIIiy  fjn-if  iitie.  EviTV  phase  of  this  ^reat  f»tibji'ct  i«  treaU-d  in  a  practical 
way,  and  every  builder,  no  matter  wliat  hi^  Hin-cialty,  phouhl  have  tliiH  magazine  to  help 
him  solve  vexatious  questions.  Engineera,  ArchitecUi,  Sanitary  Officers,  City  Engineers, 
MMnfMturen,  should  keep  infonneid  of  the  progren  being  made  in  this  branch  of  engi- 
neering. 

FircnrDOfiim  every  asi)eoi  of  modern  construction.  No  man  connected  with 

I II  b|ll  UUllliy  (J,,,  building  trades  should  be  without  this  mngaTiine.  It  if  a  persistent 
and  conniRtent  advm-ate  uf  nil  materials  that  are  tire-re<«i$stini;,  and  the  ex]i<-ru  iice  and 
practice  of  leaders  in  American  construction  are  reproduced  for  the  benefit  of  readers. 

Anv  one  of  the  numerous  article?  that  appear  in  this  Magazine  may  be  worth  to  you 
a  hundred  times  the  subscriptif.n  cnHt-(^NL^  tiNK  DOLLAR  A  YEAR. 

.Sample  Copus  sent  on  rtqucMt. 

PROOFING    PUBLISHING  COMPANY 

60  Nmwhmrry  BuiUing,  Dmtroiij  Michigan 



It  will  Bo  Hutaaltjr  Beaellclal  to  Say  Wbers  Tou  Saw  the  AdverttsemeDt. 


^  kjui^uo  i.y  Google 
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Ck>ii»tguctk>n  liefhods  Im  V.  S. 

Bridge  Construction  in  the  United  States. 
F.  Dircksen.  Z  V  D  I — Feb.  28,  08.  1  flg. 
12.000  w.  Mar.  7,  15  flgs.  8000  w.  Mar. 
21.  42  OgB.  7000  w.  Mar.  28.  65  figs. 
6000  w.  Apr.  4,  tA  llgB.  5000  W.  Bm9i 
60c 

Erection. 

Cantilever  Bridge  Erection  on  the  Guate- 
mala Northern  Railway.  Eng  Kec — Apr.  4, 
08.    8  llgs.    1400  w.  40c. 

Sreetlnc  the  8pringfl«ld  Bridge  on  Semi- 
Snipended  Falsework.  Ehag  Reo— Apr.  A, 
08.  2  flgB.  ITOCi  w.  40c.  Gives  details 
of  bridge  No.  1  n  of  tht;  Boston  &  Albany 
R.  R.  crossinK  tho  Connecticut  River  between 
Springfield  and  West  Springfield,  Mass.,  with 
■eren  176-ft.  spans. 

Notes  on  the  Brectlon  oC  Bridges. — IX. 
Rr  Bngr — ^Harch..  08.  8  flga.  8400  w. 
40& 

FIO0M< 

Te«te  9t  Retnforoed-Concrete  Floor  Plates 
tar  Bridgea.  Cem — ^Ifar.,  08.  4  flg*.  1800 
w.  40b. 

Waterproofing  Ballasted  Bridge  Floors  at 
Schenectady.  N.  Y.  Eng  Reo— Mar.  28,  08. 
7  flse.    8600  w.  SOe. 

IiMttlclag. 

The  Latticing  Requirements  of  BuUt-up 
Steel  Columns.  F.  von  Eniperger.  Beton  u 
Eleen.  Feh.  19. 08.  1  flg.  2&00  w.  Umt* 
IS.  4  llgB.    1800  w.    Ba«h  |1. 

Iiooe>SpflB  Troseee. 

Modern  Simple  Bridge  Trusses  of  Long 
Span.  C.  R.  Young.  Can  Engr — Apr.  3, 
08.    Oflga.    S400W.  S0«. 

IfaBhattun  Bridge. 

Mothods  and  Plant  Used  in  Placing  Con- 
crete and  Masonry  for  Brooklyn  Anchorage 
for  Manhattan  Bridge.  Oastave  Kaufman. 
BngB  Contr — Mar.  18,  08.  3  figs.  3200  w. 
SOe.  Abstract  of  a  papw  read  before  the 
Brooklyn  Engtoeera'  Clab,  Mar  10.  00. 

The  Erection  of  the  Manhattan  Bridge. 
Eng  Rec — Apr.  4.  08.  7  figs.  2600  w. 
40c.  Dt'scrihes  work  on  the  Manhattan 
Bridge  acrouB  tiie  East  River  between  the 
Brooklyn  Bridge  and  the  WUUamebvrg 
TUirttre.  NVw  York  City. 

Pier'*,  Renewal  o(. 

K«  newlng  Illinois  River  Bridge  Piers.  To- 
ledo. Peoria  &  Weetam  R.  R.  Ry  Age— Mar. 
SO,  08.    8  llga.    1300  w.  SOa. 

Quebec  Bridge. 

Appendix  13.  Report  of  Quebec  Bridge 

Commlsflion.  Eng  Reo — Apr.  11,  08.  0 
flgH.     C.  ^TiO  w..  2i'r:. 

Appendix  IS,  Report  of  Quebec  Bridge 
Commission.  Eng  Rec — ^Apr.  11,  08.  3 
figs.  20UU  w.  20c.  An  examination  of  the 
various  full-size  colomn  testn  that  have  been 
made  In  America  aeoompanied  by  dlagrama 
ahowlng  the  reeults  of  tMse  tests. 


Appendix  14,  Report  of  Quebec  Bridge 
Commlaeion.  Eng  Rec — Apr.  11,  08.  I 
flg.    1200  ^- 

A  Summary  of  Tests  of  Large  Columns: 
Appendix  13  to  the  Quebec  Bridge  Commis- 
sion's Report.  Eng  News — Apr.  9,  08.  3 
figs.  2000  w.  20c.  A  study  of  all  large- 
size  column  tests  that  have  ever  betn  rn  i  ie. 
Which  is  summarized  In  three  diagrams. 

Report  of  the  Royal  Commission  on  the 
CauM  ot  the  Collapae  of  the  QnelMe  Brldga. 
Eng  Reo— Mar.  14,  08.    60,000  w.  SOe. 

The  Quebec  Bridge  Disaster.  Carl  Jen- 
sen. Engg-  Apr.  3.  08.  2500  w.  40c  A 
criticism  of  some  of  the  beat-known  for- 
mulas for  proportioning  the  latticing  ot 
struts,  with  auggestlona  for  their  Improre- 
ment. 

Railway  Bridge  Snperatmctures. 

iron  and  Steel  Structures — Report  of 
the  Committee  on  Impact  Tests.  F.  E. 
Turneaure,  C.  H.  Cartlidge,  C.  L.  Crandall. 
Ry  Age— Mar.  20.  08.  2400  w.  20c.  Ab- 
atract  of  a  report  preaented  at  the  ninth  an- 
nual meeting  of  the  American  Railway  En- 
glneerlng  and  Maintenance  of  Way  Associa- 
tion. Chicago,  Mar.  17,  18  and  19.  08. 

Short  Railway  Girder  Bridges  of  Rolled 
Steel  Shapes  Embedded  in  Concrete.  Herr 
Chaussette.  Zent  d  Bau — Mar.  28,  08.  5 
figs.  2000  w.  40c.  Oeecrlbee  a  oonstruo- 
tloa  need  in  Oermany  beoanae  ot  ita  <dieap- 
nesa.  adaptobilltr.  etc. 

strengthening  a  Double-Line  Railway 
Bridge.  ICngr  (Load) — Mar.  20,  08.  5 
figs.  2200  w.  40c.  Describes  a  method  of 
strengthening  a  girder  bridge,  which  con- 
siata  of  erecting  a  new  girder  between  tha 
two  otttaMe  omea  and  elln^ng  the  eroaa 
gfrdera  from  It.  which  Is  extremely  simple, 
and  not  only  atrengthens  the  cross  gird  ere, 
but  atao  relieves  the  main  girders  of  a  oer> 
tain  portion  of  their  load. 

The  Replacement  of  the  Old  Steel  Super- 
atmcture  of  the  Rallwajr  Bridge  over  tha 
Elbe,  at  Magdeburg.  Oermany.  W.  Dtats. 
Z  V  D  I— Mar.  14.  08.  27  figs.  4500  w. 
60c.  Describes  the  new  structure  and  the 
methods  of  removing  the  old  spans  and 
placing  the  new  ones. 

Standards  for  Auatrian  Steel  Railwar 
Bridge  Buperatnictnraa.  R.  Jauianer.  Zelt 
Oeat  lag  u  Ardi — ^Feb.  28.  08.  10  flga. 
1800  w.  SOe.  Glvea  revlaad  tablaa  and 
data  for  dealing  with  the  Increased  loadings 
now  used. 
Beinforced-Concretv  Bridges. 

A  New  Ferro-Concreta  Bridge.  Bngr 
(Lond) — ^Apr.  3,  08.    16  llga.    S400  w. 

40c.  Describes  construction  of  an  English 
highway  bridge  embodying  a  number  of 
featuren  of  nnvi  l  mul  distinctive  character. 

A  Peculiar  Concrete  and  Steel  Hrldge  la 
I'rance.  Eng  News — Mar.  26.  <ii<.  ■>  tigs. 
1200  w.  20c.  Describes  a  railway  bridge 
across  the  Gnlndy.  on  the  line  between 
Treguier  and  Perros.  on  the  northeaatem 
coast  ot  France,  which  la  noiabla  not  only 
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EVERY   READER  OF 

Cement  Age 

Is  kept  informed  of  the  prog- 
ress of  cement,  the  building 
material  of  the  age. 

Cement  Age  is  a  recognized 
authority  in  the  field  of  cement; 
it  is  the  best  edited,  best  print- 
ed and  best  illustrated  periodi- 
cal devoted  to  the  subject. 

Knrh  issue  during  the  coming 
months  will  contain  artiLlt- s  of 
value  discussing  the  various 
applications  of  cement,  both 
decorative  and  utilitarian.  In 
March  the  first  authoritative 
article  on  the  Edison  house  ; 
in  April,  illustrated  articles 
showing  the  superb  decorative 
'work  now  being  done  in 
cement;  in  May,  n  special 
housebuilding  number,  with 
plans  and  illustrations  of  con- 
crete houses  of  moderate  cost. 

TAe  June,  i^ojy  Housebuilding 
Number  wiU  be  setU  on  receipt 
of  price,  2§e,  each. 

Subscription,  $1.5U  per  venr, 
Canadian  and  foreign,  $2.00 

Sample  Cop)>,  i£  cents 

CEMENT  AGE 

221  Fifth  Avenae,    New  York 


CONCRETE 

Capillary  Positive  or 
Capillary  Negative- 

WmCU  SHALL  IT  B£  1 

Voidless  concrete  is  not 
only  theoretically  but  prac<- 

tically  possible,  but  concrete 
proof  against  capillarity  is 
only  possible  where 

HYDRATITE 

IS  USED 

Watertight  Concrete 

results  only  when  made 
voidless-^^-and  the  constitU'- 
ents  are  converted,  from  the 

capillary  positive  to  the 
negative.  The  method  and 
the  means  lor  accomplishing 
this  result  are  yours  for  die 
asking. 

A.  C.  Horn  Company 

WATERPROORNC  ENGINEERS 

6-8  Burling  Slip 

NEW    YORK  CITY 


It  WiU  Bb  lliitimUy  BeBeOetal  to  Bmy  Wb«r«  Tou  S»w  tli*  Adwrttiement. 


^  Kj  .  d  by  Google 
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for  the  peculiar  desiRii  oF  tho  tni^gos  but 
also  for  the  strange  distribution  of  concrete 
and  ttMl  to  Its  irarlous  m«iiiben. 

naniporter  Drid^o- 

A  New  Transporter  Bridge  at  Wun  inprton. 
Eagr  (Lond) — Mar.  27,  08.  7  figs.  3800 
w.  Apr.  3.  S  figs.  2400  w.  Bach  40c. 
Describes  a  bridge  over  the  Mersey*  near 
Ltverpool,  oonslstiiif  ot  a  single  pair  oC  main 
suspension  cables,  uncradled.  with  straight 
tiirHned  back  stays,  and  vortical  hangers 
from  the  cables  for  the  platform;  the  run- 
way bring  stiffpnofl  by  a  pair  of  open-type 
through  girders  without  hinges  at  mld-Span. 

Vibration  of  Struct urt-f,  Time  of. 

The  Time  of  Vibration  of  Loaded  Struc- 
tures. W.  M.  Wallace.  Engg — Mar.  13,  08. 
2  figs.  700  w.  40c.  Describee  a  method 
of  calculation  thought  to  be  original,  and 
giving  results  within  1%  ot  iwaetical  taata. 

WaehinglOK,  D.  C. 

The  Connecticut  Avenue  Bridge  at  Wash- 
ington. D.  C.  Eug  News — Mar.  26,  08.  S 
llgs.    1100  V.  20n. 

BARTawOmE,  BOCK  BXOAVAIIOir,  KfO. 

Grubbing. 

Methods  of  Grubbing  Stumps  and  Trees. 
Bngg-Cotttr — ^Kar.  26,  08.  6  Uga.  8200  w. 
20c 

Methods  of  Grubbing  Stumps  and  TMM 
T-rifh  Machines.  Engg-Contr — ^Apr.  8,  08. 
4  Jigs.    i:;o«»  w.  20c. 

A  Continuous  Unloader.  Lewis  A.  Mc- 
Arthur.  Cal  JI  Tech — Feb..  OS.  1  fig. 
1800  W.  20c.  Describes  a  platform  buiit 
of  bMvr  SO'fL  timbers  radiating  from  the 
bas«  of  a  large  mail,  the  outside  ends  of  the 
timbers  batng  aupportad  bjr  Iron  rods  from 
the  top  of  the  mast.  On  this  platform  Is  bntit 
a  circular  tracli  rroni  which  the  cars  are 
dumped.  Used  on  bea^T  fills  on  the  W.  P. 
Bj.  in  California. 

BWGimilSBIHO  OONKEBUCnON. 

Storage  Bins  for  a  German  Plaster  Works. 
K.  von  Terzaghl.  Betoii  u  Kisen  l"eb.  I'J. 
08.  &  figs.  2500  w.  $1.  Gives  detalUi 
and  calculations  used  In  the  design. 

Bttlltlings. 

A  Concrete  Manufacturing  Building.  Cem 
Age — Mar.,  08.  13  llgs.  1600  w.  20c. 
Describes  the  relnforoed-concrete  factorjr  of 
the  Wolf  Manufacturing  Co.,  at  Philadel- 
phia— a  BubHtantlal  structure  which  exempli^ 
fles  the  ulillty  of  concrete. 

A  Rcinforced-Concrete  Oil  Tank  Building: 
Design,  Construction  and  Cost.  Charles  F. 
Leonard.  Am  Gas  Lt  Jl— Apr.  G,  08.  2 
llgs.  2400  w.  20c.  Paper  read  at  the 
Thirty-Eighth  Annual  Meeting.  New  England 
Association  of  Hn^  En?1nf»frs. 

A  Ten-Stcry  Building  in  Forty-Seven 
Working  Days.   Bng  Reo— Apr.  4,  08.  8 


figs.  iSdO  w.  4r»c-.  Descriljea  methods 
used  in  rapid  construction  work  on  a  New 
York  concrete  factory  building. 

Erecting  Columns  in  Occupied  Offices. 
Btef  Ree — ^Apr.  4.  08.  1000  W.  40e.  !>•- 
aeribes  the  methods  used  In  the  old  part  of 

the  singer  Building,  New  York  City. 

Illpiiodrome  Building  at  Cleveland,  Ohio. 
Jamuti  A.  Joyce.  Bng  News — Apr.  9,  08.  7 
figs.     2000  w.  20c. 

Modern  High  Buildings.   £.  W.  Hagerty. 

Can  Bngr — Apr.  3.  08.    1  llg.    3500  w. 

20c. 

Kelnforced-( "orjcrete  Power  Station.  Cal 
Jl  Tech — Mar.-Aiir..  (is.  2  figs.  2600  w. 
20c.  Describes  the  construction  of  the 
Georgetown  power  plant  of  the  Seattle  Kler- 
tric  Co.,  a  roinforoed-ooncrete  unit  building, 
which  Is  to  be  dapllcated  as  growth  demands. 

The  Construction  of  the  City  Investing 
Building.  Xew  York.  Eng  Rec — Apr.  4,  08. 
4  flgs.     5100  w.  40c. 

The  Construction  of  the  Hudson  Com- 
panies' Buildings,  New  York.  Bng  Beo— 
Apr.  4,  08.     4  figs      2600  W.  40o. 

The  {engineering  Features  of  the  New 
Cleveland  Hippodrome.  Ir  Tr  Rev — Apr.  9. 
08.  10  flgs.  2900  w.  20..  Describes  the 
steel  construction  and  metboda  naed  on  the 
foundations. 

The  Erection  of  the  Metropolitan  Life 
Building  Tower,  New  York,  fing  Rec — Apr. 
4.  08.    3  flgs.    3200  w.  40c. 

The  Fire  at  tli-  Iij  .  ton  Motor  Car  Works. 
,1.  R.  Gllliert.  ]  :i  k  Kpc — Mar.  28,  08.  6 
tigs.  ItiOO  w.  J  l'  1"  irnlshes  a  very  In- 
teresting demonstration  of  the  efficieQC7  of 
reinforced  concrete  as  a  fireproof  httlldins 
material. 

The  Phelan  Building,  San  Francisco.  Eng 
Rec-  Mar.  2S.  OS.  8  figs.  2700  w.  20c. 
Describes  the  1 1 -story  steel  ofBce  building  In 
which  Hpecial  provisions  ars  mSdO  fOV  re- 
sisting earthquake  shocks. 

The  San  Francisco  Earthquake  of  April  18. 

oe.  Joseph  H.  Harper.  Jl  Asso  Engg  Soc — 
Feb.,  08.  7000  w.  50c.  Paper  read  be- 
fore the  Montana  Society  of  Englneevs  at 

Bozeman,  .Mont.,  Jan.  11,  08. 

Caisson,  llightiiig  of  an  Overturned. 

The  Construction  of  the  Base  of  Baltimore 
Light,  In  Chesapeake  Bay.  11.  Prime 
Kieffer.  Eng  Rec— Mar.  14,  08.  7  flgs. 
5100  w.  20c  Describes  methods  vsed  In 
righting  a  large  pneumatle  eaissra  whldk 
had  been  overturned  in  a  storm. 

Cliimneyb. 

Relnforced-Concrete  Chimneys.  Sanford 
K.  Thompson.  Cem  Ago— Mar.,  08.  6  fifS. 
1600  w.  20c. 

The  Design  of  Ferro-Concrete  Chimneys. 
C.  Percy  Taylor.  Engg — ^Mar.  13.  08.  7 
flgs.  4400  w.  40c.  Gives  formulas  result' 
ing  from  an  analysis  of  the  Stresses  and  ap- 
plies them  to  the  checking  ot  the  dimonalons 
of  chimneys  which  recently  failed. 


VAT.  ttm, 
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WHILE  THE  CONCRETE  IS  STILL  DAMP 

THE  LQWfcR  FORM  BOARDS  MAY  BE  REMOVED 

This  is  possible  with  the  Dietrichs  wall  form  clamp— a  device  for  holding  in  an 

uprijT^it  and  properly  spaced  position,  the  boards  or  other  materia!  selected  as  forms. 

The  cost  for  constructing  forms  for  concrete  has  lieretofore  }>een  almost 
prohibitive.  By  means  of  the  use  of  the  Dietrichs  clamp  and  wires,  the  cost 
of  erectint:  fomu  is  brought  so  low  and  ^hc  mcthcMl  becomes  so  simple  as  to 

render  the  old  system  ridiculous  as  far 
as  labor  and  expense  are  concerned. 

The  Dietrichs  clamp  holds  the  fortn 
boards  in  position  by  means  of  the  wires 
placed  in  the  hook  ends  of  the  clamps. 
After  the  concrete  has  set  and  the  wedgfes 
removed  so  that  the  form  boards  may  be 
^  ^ —   ^  taken  down,  it  is  an  easy  matter  to  dis- 

F^"™™™^  engage  the  clamp  from  tlie  wire,  which 
then  forms  a  reinforcing  rod. 
Our  **  Qamp  Description/'  showins: 
the  clamp  in  tisc,  and  cost  sheet  sent 
free  on  application.  Every  builder,  arch- 
itect and  eneincer  should  have  this  on  file. 


THE  DIETRICHS  CLAMP  CO.  li^^'^E.'^.:^::. 


•'FIELD  SYSTEM'' 

By 

FRANK  B.  GILiiRETH 

THIS  book  was  written  by  one  of  the  lar^^est  q'eneral  contractors  in  the  world, 
and  contains  nearly  200  pages  of  rules  and  instructions  for  the  guidance 
of  his  foremen  and  superintendents.  It  is  the  outgrowth  of  over  20  years  of  experience 
in  the  contractinjj  business  and  embodies  scores  of  sttj^E^estions  for  economizing 
and  for  increasing  the  output  of  tlie  men  on  the  job.  Mr.  (iilbreth  is  the  contractor 
who  made  the  "  Cost-plus-a -fi.xed-sum-contract  "  famous  ;  in  doine  so,  he  has 
likewise  made  famous  Gilbreth's  *' Field  System/ '  only  a  few  excerpts  from  which 
have  heretofore  appeared  in  print. 

In  ni«klDir  public  tils  >'Fl«Id  BrstoA,"  Mr.  CMIbrtttl*  t«  porfnrtning  a  aerrlcc  to  thu  public  tliat  la  compar- 
able wHh  tliK  ni'Cloii  of  ft  phymlolan  In  tll«<-lr>t<(nfr  th«  snorrt  of  his  nuoOMe  la  Oiurlng  «  dlaWM.  Th«  lliMM* 
tbat  Ollhn-tti'H  '-nxj.l  8vnt4'm  "  iilIii.H  ,-uri-  Is  T)i'>  )ilt  riilx-<  mctbMl  ol  4lolaf  CMtCWt  wofk.  SyalBB 
suppUnU  BloTeDllneM,  an«l  makes  iiloUi  an  absolute  UnposalbUlty. 

aOO  vmwa,  Willi'  m^alMiMiti  hmmt  tm  HmIU*  l«Mb»r. 

cilt  •dec*:  pries  $3.00  mH.  p»atp«M. 

Circoiar  telllog  all  about  "  Field  Syatam."  or  (amplr  pagvu.  vitvolara  or  eataloin  corerlnf 
m  daaa  of  bmtti  far  milBMca.  uiiUtMsta,  eontracton  or  railway  mm.  will  bo  maUea 
DM  vpon  iwalpt  of  a  poatal  wS  atallmt  ^rkam  70*  mw  iMa  wImtlaopiaAt. 

The  Myron  C  Clark  Publishing  Company,  353  Dearborn  Stfet,  Chicago 


It  WItl  Bm  Untaallr  Bneletal  to  Saj  yrhmn  You  Saw  tk«  Aitv«rtlMmeDt. 
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The  Removal  of  a  Tall  Steel  and  Brick 
Smoke  Stack.  Bog  Roc — Mar.  14,  08.  1 
fig.  900  w.  20c.  Describes  tho  removal 
at  the  Lorain  plant  of  the  Natioual  Tube 
Works,  of  a  brick-lined  steel  .smoke  ttMk 
225  ft.  hiRh  and  11  ft.  in  diameter. 

Concret«  Pules. 

The  Design  of  Hollow  Reinforced-Coij -reie 
Poles.  P.  Schucio.  Beton  a  Sisen — Mar. 
12,  OS.    5  figs.    ^^UO  w.    $1,   OIVW  VOChoA 

Of  calculation,  iUustratlTe  example*  and 
d«t«  on  ree«iit  testi. 

CTofferdam. 

Method  of  Bailding  a  SmaU  Goflerdain. 
W.  H.  Boughtott.  EBW-Oontr— Apr.  8.  08. 
1100  w.  20&  Abltracted  from  a  paper 
read  before  tho  Ohio  Eaglneeriug  Society. 

A  Combination  Dam  and  Bridge.  IBng 

News — Apr.  9.  08.  2  figs.  500  w.  20c. 
Describes  a  dam  consisting  of  a  relnforced- 
concrete  deck-slab,  in  the  shape  of  the  ordi- 
nary Kravlty  dam  sections,  supported  at  In- 
tervals by  interior  reinforced-concrete  but- 
tresses. Tho  bridge  is  formed  by  continuing 
rlieae  interior  supporting  bnttressea  up 
through  the  deck-slab  and  carrying,  upon 
their  top.  strlngera  bearing  the  railway. 

A  Concrete  and  Earth  Dlvenlon  Dam  In 
California.  Eng  Rec— Mar.  14,  08.  2  figs. 
r,4  00  w.  20c.  Describes  the  John  Days 
diversion  dam  on  the  Eel  River.  Mendocino 
County,  Cal.,  a  concrete  and  earth  structure 
having  a  total  length  of  630  ft.  on  top. 

A  Large  Irrigation  and  Power  Project  in 
Southern  California.  Eng  Rec — Apr.  4,  08. 
5  llgi.  3600  w.  40c  Deacrtbea  dam  and 
Temrrotr  and  methoda  of  oonatruetlon  Hied 
In  a  project  In  the  flan  Bernardino  Monn^ 
tains. 

Coiistrurtlon  of  the  Main  Dam  of  the  Cro- 
ton  Falls  Reservoir.  Eng  Rec — Mar.  28,  08. 
5  figs.    4700  w.  aOe. 

Derrick. 

A  40-Ton  Wooden  Guyed  Derrick.  Eng 
Ren— Apr.  4,  08.  1  fig.  1100  w.  40c. 
Describes  n  guyed  derrick  with  a  7."  ft.  mast 
and  a  66-ft.  boom  recently  designed  and  con- 
structed for  the  erection  of  the  6,000  tons  of 
structural  ateel  In  the  Singer  Building,  New 

lK)ni<"^  !Ui<l  V  aults. 

Thp  Design  n(  nonif-p.  Vaults  and  Conical 
Coverings.  Edward  Godfrey.  Gone  fingg — 
Mar.,  08.    S  flgi.    8000  w.  20c. 

Fonudatlnnt  and  Piling. 

Concrete  Pile  Foundations.  M.  Deutach. 
Ind  Mag — Mar..  08.    2000  w.  20c. 

Foundation  Construction  of  the  New  State 
Capitol  Of  South  Dakota.  Samuel  H.  Lea. 
Bng  Reo-nApr.  4,  08.  2  flga.  1800  w. 
40c. 

FounflatiniiH.  With  Special  Referencn  to 
Mo-lrrn  Mnftiods  and  Plant.  Perclval  M. 
Fras.  r  ('oi;tr  Jl^Apr.  1.  OS.  10,000  W. 
40c.  Paper  read  at  the  Institute  of  Sanitary 
Bnglneere. 

HAT. 


Foundations.  A.  B.  Clark.  Proc  Engrs 
Club — Jan.,  08.  4  figs,  3700  w.  80c. 
Taper  read  Dec.  7,  07,  before  the  1  :ni^ii.i  ers' 
Club  of  Philadelphia.  Describes  some  of  the 
less-known  phases  of  development  on  Man* 
hattan  Island  iu  the  last  fifteen  yeara. 

Loading  Teat  ot  a  Compreesol  Foundation 
Pile.  F.  von  Emperger.  Beton  u  Blaen— > 
Feb.  19,  08.    8  figs.    5000  w.  U- 

Repairing  Foundations  with  Grout  and  by 
Divers.  Eng  Reo— Apr.  4.  08.  2800  w. 
40e. 

Special  Fionndatlons  for  a  New  Edison  8ub» 
Station.    (New  York  City. )    Eng  Reo — Apr. 

•3.  OS.  1  flp:.  1100  w.  40c.  Deacribea 
methods  uaed  in  soft,  wet  ground. 

The  Development  of  Building  Foundations. 
Frank  W.  Skinner.  Eng  Reo-^pr*  4,  08. 
l€  flga.    1200  w.   40e.   DiacnaMa  nallioda 

used  in  building  foundatlona  ot  high  build- 
ings in  the  congested  dlstrlcta  of  New  York, 
Chicago,  and  other  large  cities. 

The  Strauss  System  of  Concrete  Piling. 
Beton  u.  Blsen — Mar.  12»  08.  1  flga.  80O 
w.  |1.  Deacrlbee  a  Ruaelan  ajratem  in 
whldi  a  hole  l«  driven  by  means  ot  a  well 

drill  and  in  %Yblch  the  concrete  iB  depoalted 
and  then  compacted  by  a  pile  driver. 

Gasholder,  Oonereto. 

The  Construction  and  Costs  of  a  Com  rate 
Gasholder  Tank.  E.  Frith.  Am  Gas  Lt  Jl 
.—  .Mar.  22.  OH.  4  figs.  2400  w.  20c. 
Paper  read  before  the  Manchester  District 
Inatitntton  of  Qaa  Baglaewa. 

Pipe  Trestle. 

A  Relnforced-Gonorete  Sewer  Pipe  TMatle. 
Bng  Reo— Mar.  14,  08.    1  Sg.    1700  w. 

20c.  Describee  a  construction  recently  built 
in  Los  Angeles.  Cal..  to  carry  an  Intercepting 
■ewer  acroea  the  Lea  Angelea  RlTer. 

Itetnforccd<Concrete  Construction. 

Architectural  Fxpreselon  In  a  New  Ma- 
terial. Arch  Rec — Apr.,  0'^.  \<  flga.  6500 
w.  40c.  Discusses  the  practical  and  es* 
thetic  problema  of  deaign  In  relntoroed  eoo« 

Crete. 

Calculations  for  Reinforced -Concrete  Con- 
struction. R.  Wuczkowskl.  Beton  u. 
Eisen — Feb  19,  08.  4  figs.  1200  w.  81. 
Gives  a  siinpb>  formula  for  uae  OH  feetangu-' 

lar  and  T-section  beams. 

Concrete  Insp<'ctlon.  .\.  D.  Williams,  Jr. 
Cone  Engg — Mar,  08.  2  figs.  4500  w. 
20c.  Dlscusst's  the  duties  of  an  Inspector  of 
concr(>tn  work  and  enumerates  tho  points  to 
which  bis  attention  should  be  directed  In 
auch  work. 

Cost  of  Rclnforced-Concrete  Work.  Cem 
Era — Mar..  08.  2000  w.  20c.  Discusses 
the  toudoiK  y  of  contractors  to  eatlmate  tOO 
low  on  concrete  construction. 

Cracks  In  Rein  forced-Concrete  Beama.  F. 

von  Emperger.  Zent  d  Ban — Mar.  4,  OS. 
8  figs.  3000  w.  40c.  Gives  graphical  dls- 
eoaslon. 
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Consulting  Engineert 

The  Arnoij>  CmiPAsr 

iiwtMiBjia-coiisTiiiiemis 

■UECTmCAL-  CIVIL-  MICHANICAI. 


iniarcontinental  Engineering  Com/Htny 
R.  Tmutsctioid,  il.  Manassr. 
ISO  Uberty  St,  NBW  YORK.  N.  T. 


Lewis  &  Moore 

CooAulting  Watorproolmg  Eagioeen. 


fieatloB*  for  W>unirwnlii^  — i  Pi 
Cl>»i*t  of  StnietarM. 


WaiarproofloB  reqaIrM  Um  mom  aBlWtW*  tlWtnMnt  m 
agliiMrtas  pnUtna  t»*eMala        wloal  mA 
ranltt. 

Wo  arB  'h«  only  consulting  >-:-i:i"»eTt  apeclalUIng  In 
waier^jrooUog— oot  aSlllAtwl   with  aoy  tpMiAl  loterwt 

w«  act  In  mMattr  apftMtr  t»  uagumn,  tNfettMtt  Mi 

bulMert. 

OwtMpondenM  InvIUd. 

.    Utt  Braadwigr.  NBW  TORK. 


James  B.  McCord 

Amqo.  K.  An.  Sott.  0.  S. 

Civil  Eneineer 

W«tor>Worlu.  lUtimtloo,  Beports  on  PropartiM  ot 
FbltUvflenrtoe  Gurporatioait 

39  Braadimir.  NEW  TOBK. 

OoamlHnc  BnglaMr  ud  aimtlclM. 
Blectrie  Rallwara.        Oil  Holer  Om.       aaa  Works. 
Electrto  UgbtliiK  SlBttni. 

Pant  Expert  In         and  BlootileNj  lo  N«r  T«rk  Cltj, 
RufTalo  CItluna'    OM  'OOBpftV,  flHlt*M|ni11t 

Also  otlMr  muulcipaUtlaa. 

PMA  8aw  BnUaing,  NBW  TORK. 


H.  HaU  Marshall 


ComolUiis 


PiwMnA  tor  Oanplfto 
nc  Plut& 


Pluui  nd  BmcUc 

liuiitiketvrlBC  PluU. 

Power  Plants. 
ElectrlcUjr.  Heatiog,  VenttlattoD,  Plumbing. 
South  Penn  Square  Bldg..  PHILADELPHIA,  VA. 


Consulting  Engineers 

Alexander  Potter,  C.  E., 

HrttMlle  Engineer  anrj  iirtn:ti\7V  Expi-rt,  ^  

143  Liberty  Street,  NEW  YORK  GITT. 

iawerass  and  Sewage  Disposal. 
Wat«P  Supply  and  PurlOcaUon, 
Water  ar  T  :  :•  trie  Powar. 
Valuatlo&s  of  RxlaUag  Plant*— Bzpart  TuUmocy— FlanJ 
ud  BrtlmatM. 


C*  i4*  P»  Turner 

M.  Am,  too.  m» 

BrldK«i.  Building*.  Haautacturlnc  Plant*. 
Rainforcad  Conent*  Oooatrnetloa  a  Specialty, 


ConauttinE  Engineer. 

BsamlnatloM,  Brtlinat**,  Flaaaetal  and  Bnctnaartat 

y.  9, 


9L  FMd  Bite..  MBW  tOBOL 


A  Necessary  Requisite 

In  order  to  hiivf  :i  tliii)>;  done  well,  it  is  nec- 
essary to  have  Huine  one  do  it  who  knows  how. 
I  have  for  years  been  executing  the  fuHowing 
branches  of  engineering: 

Electric  power,  lighting  and  transmission 
work,  eteam  power  plants,  steam  piping,  heat- 
ing, ventilation,  plnmbing  work,  sewaM  dift* 
posal  and  water  supply  and  Are  protccnon  for 

OaildingB.    Send  for  !nff>r»  «tin<'  h'>nV:!ct. 

FRANK  SUTTON,  E.  E. 


•t  WALL  5T. 


NEW  YORK 


Contractors 


Baitte  Creek  Bridge  Co. 
ENGINEERS  AND  CONTRACTORS 

Kelnforred  ConiTwte  Brldses 
AlMBtoul  aud  Woodvn  Briageit,  Pile  Driving 
Foonilatious,  Plans,  etc. 

BATTLK  CRBBK,  XtCR. 


Fayette  Engineering  &  Contracting  Comp 
CIril,  MlniDg  and  Contraetlof  Boclnaara. 
Herbart  M.  CrawHavd. 

L.  C.  MechllDg. 
E.  L.  Zearley. 
Spaclaltias:  CoDstructlon  ol  Co&l  and  Coke  Pl^uu  &ai 
■    ~  9t  Coai  Propertle*. 

ONIONTOWN,  PA, 
nrancb  omca.  BBOWN8V1I.LB,  FA. 


It  Will  B«  Mntully  Beaellelal  to  Bay  WImn  Ton  Saw  tlM  AdrertUaiiMBt. 
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Design  and  Construction  of  Forms  for  Re- 
iDforced  Coucrele.  Kicbard  H  Haas.  Cone 
Engg — Mar.,  08.  ■  19  flgs.  2t]oi*  w.  20c. 
Describes  several  types  of  forms  used  la  re- 
ewt  bnildiogs. 

Booaomlcal  ArTugement  of  Mlxl&s  Pkmta. 
R.  W.  Mftxton.  CoDC  Engg — Mar.,  08.  900 
yr.  20c. 

Graphostatic  Caiculatlotis  for  Reluforcetl- 
Concrptc  Construction.  G.  Ramisch.  Bcton 
n.  El8«n — Feb.  19.  08.  4  flgs.  1000  w. 
|1.  Gives  mathematical  relations  and 
graplltcal  constructions  derived  therefrom. 

Methods  and  Costs.  W.  H.  Mason.  Cem 
Age — Mar.,  OS.     4  figs.     3700  w.  20c. 

New  Heeearrhes  on  Heinforoed  Concrete. 
M.  R.  von  Thulllo  Ueton  u  Eisen — Feb.  19, 
08.  4  flss.  1200  w.  II.  Discusses  the 
efliMt  or  repeeted  loadluf  of  beaaoa. 

Notes   on   Reinforced   Concrete  (Con.). 
Prof.  A.  W.  French.    Jl  Wor  Poly  Inat — 
Mar.,   08.    5   flgs.    3100    w.    4uc.  Gives 
Btraight-line  and  parabolic  stress  analysis  of 
'  simple  rectangular  beams. 

System  In  Eatimatlng  Relnforced-Concrote 
Building  Construction.  Robert  E.  Lamb. 
Cono  £iiM — Mar.,  08.  800  w.  20e.  De- 
■eribea  erne  ajBtem  of  making  up  a  Md  os 
relaforeed  buildings  which  win  be  simple, 
and.  If  fully  worked  out,  will  result  in  an 
estimate  which  Is  practically  Self-checking. 

The  AiiBtrian  Oovernnient  Regulations  for 
Concreto  and  Rein  forced-Concrete  Construc- 
tion. Cem — Mar.,  OS.  1800  w.  40c.  OlTea 
tbe  regulations  In  force  for  btghirar  brldgaa. 

The  Development  of  a  Practical  Method  of 
Reinforcing  Concrete.  II.  F.  Porter.  Cone 
Engg — Mar.,  08.  ;i  figs.  2800  w.  20c. 
An  address  delivered  at  Toronto  University, 
Toronto,  Canada. 

The  Edison  Concrete  House.  £i.  S.  Lamed. 
Cem  Age — Mar.,  08.  2  flge.  4500  w.  20e. 
Olvea  oondualona  of  englneera  eomeemlng  tlie 
practloablUty  of  the  project,  and  statee  tbe 

purpose  of  the  Inventor. 

The  Practical  Problems  luvolved.  Percy 
H.  Wilson.  Cem  Age — Mar.,  08.  1800  w. 
SOc  Diaouiees  the  constructioaal  questions 
Involved  In  tbe  Sdlaon  ctmeieUi  Itouae. 

TlM  Unit  T«.  tbe  Looae-Bar  Bratem  of  Re- 

Inforeed-Conerete  Conatroctlon.    Emlle  O. 

Perrot.  Eng  News — Mar.  26,  08.  180  0  w. 
20c.  Paper  read  before  the  National  Asso- 
ciation of  Cement  I  st^rii,  Fourth  Annnal 
Meeting.  Buffalo.  N.  Y.,  Jan.  24.  08. 

The  Use  of  Reinforced  Concrete  in  Engi- 
neering and  Architectural  Construction  In 
America.  Ernest  R.  Matthews.  8nnre7or~ 
Mar.  27.  08.  9  flga.  6000  w.  40c.  Prom 
a  paper  read  lately  before  the  Royal  Society 
of  Arts. 

Rcserrolrs. 

Reservoir  Construction  In  Rochester,  N.  Y, 
Mun  fiogr — Apr..  08.  4  figs.  800  v.  40c. 
Qtvea  Information  concerning  the  conatru^ 
tloa  of  Cobb's  Hill  reservoir,  which  Is  a  dis- 
tributing reservoir  for  the  water  works  of 
Rocbeater,  N.  T. 


Some  Construction  Methods  at  the  Croton 
Falls  Reservoir.  Eng  Rec — Apr.  11,  08.  6 
fU^.     4000  w.  20c. 

The  Relnforced-Concrete  Reservoirs  and 
Aqueduct  of  Mexico  City.  James  D.  Schuy- 
ler. Eng  Reo— Mar.  28,  08.  8  flge.  8900 
w.  20e.  Describee  the  building  ot  four 
largo  circular  reservoirs,  lined  and  roofed 
with  armored  concrete,  for  the  dlltrlbntlon 
system  of  the  new  waterworka  of  MMloo  City. 

Retaining  Walls. 

Comparative  Costs  of  Gravity  and  Rein-  , 
foreed-Concri  to  Retaining  Walls.     Frank  A. 
Bone.     Eng  News — Mar.  26,  08.     4  flga. 
800  w.  20e. 

llop«way. 

Wire  Ropeway  in  the  North  Argentine 
Cordilleras.  Engg — Mar.  20,  08.  20  flgs. 
:?200  w.  Apr.  3.  10  flgs.  ROOO  w.  Each 
4  0c.  Describes  a  21 -mile  ropeway  connect- 
ing the  Famatine  mines  and  the  railway 
Chilecito.  having  a  capacity  of  4  tons  per 
hour  on  the  up  Journey  (11,800-ft.  rise)  and 
40  tons  on  the  down  JounMy.  at  about  5.B 
miles  per  hour. 

Sewers. 

A  Large  Double-Barrel  Sewer  Built  Acroia 
a  Bait  Marah,  Borough  of  the  Bronx,  Mew 
York  City.  Eng  Reo — Apr.  4,  08.  4  llgn. 
2100  w.  40c. 

A  Private  Sewer  Tunnel  in  Rock  Excava- 
tion. Eng  Rec-  -Apr.  11,  08.  7  flgs.  3200 
w.  20c.  Describes  construction  of  Ptorm- 
water  sewer  for  draining  the  depresee  1  .vari 
'for  auburban  train  service  at  the  N.  T.  C.  * 
H.  R.  R.  terminal.  New  York  City. 

Relnforced-Concrete  Intercepting  and  Out- 
fall Sewer.  Waterbury,  Conn.  Wm.  Gavin 
Taylor.  Eng  Nevra — Mar.  26,  08.  1&  fig*. 
4100  w.  20c. 

The  New  Main  Intercepting  Sewer  at 
Waterbury.  Conn.  Wm.  Gavin  Taylor.  Eng 
Ree — ^Apr.  4.  08.    7  liget    1400  w.  40o. 

Btoel  CoBBtruetioa. 

Erecting  an  Open  Hearth  Furnace  Build- 
ing.   Eng  Rec — Apr.  4,  08.    8  figs.    900  w. 

4(ic.  Dcscribcfi  work  on  a  1 72 '4 x4  48-ft. 
steel  building  for  the  PcnnsylvaDia  Steel  Co., 
at  Httelton.  Pm  iitout  117  ft.  in  extreme 
height  and  containing  6,610,000  lbs.  of 
Structural  steel. 

Steel  Construction  for  Lohg-Span  Floors  la 
tlie  Chicago  AtUetie  AaaooiattoD  Building. 
Eng  News — ^Mar.  19,  08.   6  flga.   800  w. 

20e. 

SirucUmal  Design. 

Notes  on  Structural  Designing.  E.  A. 
Stone.    Can  Engr — Apr.   3,  08.    2400  w. 

20c. 

Similar  Structures  with  Corresponding 
Loads.  Prof.  A.  luokuty.  Pract  Engr 
(Load  1— Apr.  8,  08.  1  llg.  3500  w.  40e. 
Discusses  the  limitation  of  slie  due  to  the 
fact  that  weight  Increases  as  the  cube  of 
dimensions,  while  iK>wer  to  sustain  loada  in- 
cr«ah«.«  only  as  the  square. 
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WHY  THE  OSCILLATING  TOWER  ELIMINATES 

THE  DEAD  LOAD 

T)Y  countorweiKhtiiin  a  lu'avv  window  a  diild  can  rain*'  it,  becaupi*  tl«' child  has  mrroly 
to  overcome  tin- coniiiarativoly  (*linhl  n'sistancp  of  friction  of  tho  pull<*y8.  In  like 
manner,  by  providin);  an  owillatinj;  tower  we  make  a  cableway  that  is  counterbalanced; 
and,  as  a  renult,  the  electric  motor  is  a  child  in  size  ci>mpare<l  with  tiie  engineH  used  on 
any  otlier  type  of  cal)leway.  In  l)rief,  our  motor  does  not  have  to  lift  tlie  <lead  l<iad,  nor 
does  it  have  to  overcome  the  graih'  due  to  tlie  sbr  of  the  cable.  Due  to  the  owillatinn 
tower  and  its  counterweiglit,  the  sag  in  the  cable  becomes  less  and  less  as  the  trolley  ami 
its  loarl  approach  the  tower.  The  counterweight  g<M''S  down  and  the  trolley  ris«'S,  and 
ttie  result  is  precisely  the  same  as  if  the  trolley  were  running  on  a  level  track. 


Showing  Battery  of  Halanced  Cable  ("ranee  at  work  on  the  Krie  K.K.  cut,  Hergen  Hill, 
Jersey  City.    Capacity  of  5  tons  load  lift  at  Kit  feet  a  minute.    Traveling  speed 
1,^10  ft.  per  minute.    But  one  rail  under  each  end  uf  cableway. 

Our  catalog  explains  not  only  the  tlieory  which  accounts  for  this  remarkable  result, 
but  it  gives  numerous  examples  of  existing  plants  whose  operation  ]»roves  the  result. 
Send  for  our  Catalog  E.  D. 

THE  BALANCED  CABLE  CRANE  CO. 

131  WILLIAM  STREET  NEW  YORK  CITY 


It,  Will  Be  Mutually  Uenfllclal  lo  say  Whore  You  Saw  IUl-  Advertisctucnt. 
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Tunucljt  and  Subwojrs. 

LowcTinK  thf  Traction  Tunnels  Under  the 
Chicago  River.  L.  F.  Wilson.  8c  Am — 
Apr.  4»  08.    S  figi.    900  w.  SOe. 

Profress  on  the  Bridge  Loop  Sabwagr*  M«ir 
Tortc  City.  Eng  He(^— Apr.  4.  08.  4  llgs. 
2300  w.  40c. 

The  Kffect  of  TuiniPling  OperatioD*  on  8t. 
Paul's  Cathedral.  London.  BBR  Rm — MU. 
28,  0^.    2600  w.  20c 

The  SMond  Raton  Hilt  Tunnol.  N»w  V«s., 
of  the  Atchison,  Topeka  &  Santa  Fe  Railway. 
Eng  Reo — Apr.  4,  08.   8  flgs.   2300  w.  40c 

The  Strand  to  Embankment  Subway. 
Engr  (Lond) — Mar.  13.  08.  lo  flgs  3600 
•w.  40c.  Describes  the  engineering  fMl* 
UTflB  oC  the  construction  of  the  tunnels. 

Th«  tTnttod  States  C!ai»ttol  Snirways.  W. 

J.  Knight.  Bng  Reo— Mar.  21,  08.  9  flgs. 
24  00  w.  20c.  Describes  the  two  recently 
completed  reinforced -con  Crete  subways  con- 
necting the  United  States  Capitol  with  the 
SMiKte  and  Hoiue  ofllce  hnlldliiga. 


Some  Notes  ou  Waterproofing.  E.  P. 
Goodrich.  Wtrpfg  &  Flrepfg — Feb.-Mar.. 
08.    600  w.  20c 

Waterproof  Cement  and  the  Waterproof- 
iBg  of  Concrete.    Brit  Clmy  Wkr — Mar.,  08. 

1400  w.  40c. 

Waterproofing  Concrete  Structures.  James 
Lb  Davis.  Cem — Mar.,  08.  7500  w.  40c. 
Deaeribea  the  laboratory  of  the  Board  of 
Water  ftipplr  of  tlie  Ottr  of  New  York. 

What  Waterprooflng  Hay  do  for  the  Ce- 
ment Indu8tr>'.  A.  C.  Horn.  Waterproofing 
&  Flreprooflng — Feb.-Mar.,  08.  2800  w. 
20c.  Paper  read  before  the  Vnloan  Aseem' 
btjr  et  Philadelphia,  Peb.  tS.  OS. 


MATEJBIALB. 

Gcment  and  Concrete. 

CetiK'nt  Stucco  In  Arprentlne.  Cem  Age— 
.^!:lr.,  ON.  11  figs.  900  w.  20c.  Shows 
how  a  plastic  material  has  been  used  by  the 
architects  of  Buenos  Ayres,  and  gives  ezam- 
plee  of  modem  structures  in  this  South 
American  dtjr. 

Vortland  Cement:  Its  Uses,  Improved 
Manufacture,  and  Metiiods  of  Testing  It.  G. 
M.  H.  Layton.  Brit  Clay  WkrMar.,  OR. 
4000  w.  40c.  A  recent  lecture  to  the  stu- 
dents of  the  Northern  Polytechnic  Institute. 
I/ondon. 

Tlie  DauK»,r«  of  Ci  nimt  Analysts.  Brit 
CA'.iv  Wkr— Mar..  OS.  TDO  v, .  40c.  Dis- 
cus <s  necessity  for  a  standard  method  nnd 
t'i' .  s  table  of  widely-different  results  ob- 
tained by  analysis  of  same  sample  in  six 
laboratories. 

Til'-  M  >il  il  :^  of  Shearing  of  Concrete. 
T1,  i  r  HeinU'i.  Heton  u.  i^isen — Mar.  12,  08. 
7  figg.  i.^oow.  St.  Olvee values dedneed 
from  Bach's  beam  t^ts. 


Oenaent  Works. 

An  Eugliyh  Electrically-Driven  Cement 
Worlcs.  Eng  Reo — Apr.  11,  08.  6  flga. 
2100  w.  20c. 

Inland  Portland  Cement  Worka.  Bagr 
(Lond)— Mar.  20,  08.  12  flga.  2(00  w. 
40c  Describes  a  modent  BriUA  cemuit 
worlts  at  Cambridge. 

HeUow  Bride  and  Tile. 

Fireproof  Construction.  M.  M.  Sloan. 
Arch  &  Bid  Mag— Apr..  08.  6  flga.  2100 
w.    40c    v.— Hollow  bri^  and  tile. 

Iron,  Rnstlng  of. 

The  Rusting  of  Iron.  Engg — Mar.  13,  08. 
3500  w.  4  0c.  A  r£8um6  of  recent  re> 
searches  Into  the  theory  of  rustins* 

Sa^. 

The  Value  of  Sand  In  Concrete  Construc- 
tion. Com  Age — Mar.,  08.  3200  w.  20c. 
Report  of  the  Section  on  Testing  Cement  and 
Cement  Products,  presented  at  the  National 
Association  of  Oenent  Uaera  at  Buflalo,  Jan, 
20-2.'..  08. 

Slog  Brick. 

The  Manufacture  of  Concrete  Brick  from 
Blast  Furnace  and  Other  Slag.  Josl^h  But-- 
ler.  Ir  Tr  R«T — Uar.  19,  08.  4800  w.  20e. 
Abstract  of  a  paper  preaented  before  the 
Staffordahlre  Iron  tk  Steel  Instltate,  XHidleiy* 
England,  Jan.  18,  08. 

Stone-Crushing  Plant. 

A  Commercial  Stone-Crushing  Plant  at 
North  Le  Hoy.  N.  Y.  John  Rice.  Eng 
Reo — Apr.  4.  0  8.  1  flg.  1800  w.  40c 
Deaoribes  a  plant  the  average  jiroductlon  of 
which  is  about  50.000  tons  monthly  of  2%- 
In.  etone,  Indadloc  the  aataUer  aliea. 

Umber. 

A  Graphical  Comparison  of  Varloua  Loig 
Rules.    Arthur  H.  Morse.    Bng  News — Apr. 

9.  08.     2  figs      1  700  w.  20c. 

Kansas  Cltv  i  i  irit  of  the  American  Creo- 
Botlng  Co.  Ry  Age — Apr.  3,  OS.  11  flgs. 
;!4  00  w.  20c.  Describes  a  recently  com- 
pleted jilant  which  will  supply  under  con- 
tract about  75Q,Q00  treated  ties  annually  for 
a  term  of  90  year*  to  the  0.  R.  I.  A;  P.  R7> 

The  Shrlakace  of  White  Oak.  Walker  L. 

Wellford.    Wood  Craft — Apr.,  08.    900  W. 

20c.  Rend  at  the  St.  T.nuls  Convention  Of 
the  National  Coopers'  Association. 

RIVERS.  CANALS,  HABBOB8. 

A  Novel  Breakwater  for  Alsoma  Harbor, 

Wis.    Kng  Rec— Mar.  21,  08.    S  flg«.  1000 

w.  2*^0  Ti-  scrihes  a  breakwater  consisting 
of  atiout  iins  lin.  ft.  of  pile  or  plank  crib 
pier  am!  about  ",00  lin.  ft.  of  breakwater 
made  of  rein  forced-concrete  caissons. 

Caaal-BoBt  Haulage. 

Notes  on  i:!ertr;r  Haulage  of  Canal  Boats. 
T.r-wlH  B  Sfillw.ll  arifl  H.  St.  Clair  Putnam. 
Fy<<c  .-\in  Inst  Kler  Eng — Apr..  OS.     4  flgs. 

1000  w.    80c   An  appendix  in  which  re* 
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PERFECTION 


is  the  aim  of  all  improve- 
ment and  development  in 
manufactured  products. 
The  highest  development 
is  reached  in  our 


1908  Type 

Hayward  Bucket 


the  result  of  constant  improvement. 
Our  catalogues  would  convince  you. 


THE  HAYWARD  COMPANY 

50  Church  Street,  New  York 


We  make  also  all  kinds  of  Machinery 
to  operate  our  Buckets,  including 
Dredges,  Excavators,  Derricks,  Coal 
Towers  and  Bridges 


It  Will  Bo  Mutually  BeneOcial  to  Say  Where  You  Saw  tbe  Advertlsoment. 
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'  tttltt  given  in  the  paper  tn  compared  with 
tkOM  obtained  iu  tli«  very  complete  teftta 
made  by  Sympher  Thlele,  and  Block  on  tho 

Rhlne-Wcspr  Canal  in 

Coast  Protection. 

Foreahore  Proteetfoa  of  tb«  Wcat  dcraiaii 
Coast  of  the  Baltic  8«a.    ZvKt  d  Bau — Apr. 

1,08.    36  figs.    4000  w.  40e. 

The  Principles  and  Practice  of  Coast  Pro- 
tfctSon.  Fruuk  J.  Gray.  Coutr  Jl^ — Mar  18, 
US.  ij  figs.  4500  w.  4nc.  Takes  up  the 
plauDlog  and  construction  of  groynes  for  ar- 
resting the  travellDg  shingle  and  retarding 
the  alongahore  currenta  so  that  they  will  de- 
poaft  their  auapeaded  material  and  then 
build  up  and  maintain  the  alope  of  the  fore- 
shore. 

The  Royal  Comminion  on  Coast  Ero- 
sion.— nr.  Engr  (Load) — Mar.  13,  08. 
2j00  w.  40c.  a  continuance  of  a  ir,;ow 
of  the  statementa  of  the  enslneeriDK  experta, 
and  dealing  with  the  CTldenca  oC  iorvef  on, 
etc. 

Dredging. 

Clay-Cutting  Suction-Dredger.  Engg — 
Apr.  3,  08.  12  flgs.  1700  w.  4  0c.  Dp- 
lorlbes  a  dredge  conatmcted  for  filling  in  the 
new  extension  to  the  north  of  Lincoln  Park. 
Chicago. 

Dredging  Equipment  of  the  Panama  Canal. 
P.  B.  Maltby.  Proc  Engr  Club,  Phlla. — 
Jan..  08.  4000  w.  80c.  Paper  read  Jan. 
4.  08.  before  the  Engineers'  Club  of  Phila- 
delphia. 

The  Cost  of  Hydraulic  Dredging  on  the. 
Mississippi  River.  Bog  Rec — Mar.  21,  08. 
1800  w.  20c.  A  memorandum  by  Lieut- 
Col.  Clinton  H.  Scars  for  the  Board  of  Engi- 
neers on  the  I m |>ro\ enient  of  the  Ohio  RIver. 
Gives  data  relating  to  tho  bIx  best  dredgrea  In 
use  by  the  Mississippi  Hivor  Commission  as 
to  first  coat,  repairs  and  betterments,  ope- 
rating expenses,  deterioration,  and  resalta 
obtained. 
Docks. 

Electric  Power  in  Docks.  C.  B.  TUflor. 
El  Engr — Mar.  13.  08.  7  flgs.  4000  W. 
40<-  I'aper  read  before  the  Institution  Of 
Electrical  Engineers. 


Terminal  Improvements  at  Ashtabula  Har- 
bor for  the  Pennsylvania  Lines.  Ry  &  Eng 
Bev — Mar.  14,  08.  18  figs.  700  w.  20e. 
Descrlbea  the  increased  tacUltlee  for  hand- 
ling coal  and  ore  at  this  Erie  port 

The  Contractor's  Plant  and  Methods  on 
Mare  Island  Dry  Dock  No.  2.  Eng  Rec — 
'  Apr.  4,  08.    8  flgs.   8800  w.  40e^ 

Erie  Barge  Canal. 

Construction  Work  on  the  Brie  Barge 
Canal.     James  C.  Mills.     Cass  Ifiw-^pr., 

08.     14  figs.     3200  w.  40c. 

Progress  on  Section  IX,  New  York  State 
Barge  Canal.    Bng  Rso — Apr.  4,  08.    8  flgS. 

1  4  00  w.  40c. 

Gi-eAt  Lakes-dnlf  Waterway. 

Some  of  the  Bngtneering  Probtans  In- 
volved In  the  Oonstruetlon  of  a  Deep  Wnteir^ 
way  from  the  Great  Lakes  to  the  Quit  of 

Mexico.  J.  A.  Ockerson.  Jl  Assoc  Engg 
Socs — Feb..  08.  18  flgs.  8200  w.  50c. 
Paper  read  before  the  EngtBeers'  dub  ot  St. 

Louis,  Feb.  5,  08. 

Irrticatlon  Work. 

Lining  of  Ditches  and  Reservoirs  to  Pre- 
vent Seepage  Losses  (Cont.).  Prof.  B.  A. 
Etcheverry.  Irrlg  Age^Apr.,  08.  7  flga. 
2000  w.  20c  Dlacoases  cement  mortar 
linings. 

Reclamation  Projects  In  Montana,  IT.  N. 
Savage.  Jl  Assoc  Engg  Socs — Feb.,  08. 
2400  w.  50c.  Paper  read  before  the  Mon- 
tana Society  of  Engineers,  Boseman.  Moot,. 
Jan.  Ill  08. 

SI7R\'EYING,  MEA8UREMBNTS. 

Curves,  Formnlas  for. 

C.eoeral  Formulas  for  Simple  Curves.  J. 
C.  Locke.    Eng  News — Mar.  26,  08.  20o. 

Sorreyor's  Tools. 

Some  Vsefut  Tools  for  Surveyors  WorWiiK 

Alone.     Thaleott  Blake.     Eng  News — Mar. 

10.  08.  7  flgs.  800  w.  20c.  Describee  a 
substantial  marking  pin  and  sevenil  dSVtoSg 

for  holding  a  surveyor's  rod. 


ECONOMICS 


Commercial  Research. 

Commercial  Research.    C.  B.  Skinner. 

Eloc  Jl— Apr..  08.  9000  W.  20c.  Address 
delivered  before  the  Rnglneering  Assembly 

of  I'nrdue  Unlversltv,  j;iu.  20.  ns.  Di.'scusses 
itr.*'st!^;atlons  iiinliT  t.iVcu  for  the  purpose  of 
adding  to  hiinuni  k iimvli'iip,'  wifli  the  direct 
view  of  securing  commercial  returns  in  a 
reasonable  time. 

Con'wTvathm  of  Vntarol  R*»soiircc«r. 

Conservation  of  the  Natural  Resources  of 
the  United  Sf.-it..?:  tIk-  Work  of  the  TT.  S. 
Geological  Survey.  Herbert  M.  Wilson. 
Bng  News— Apr.    9,    08.    9500   w.  80c 


Published  by  permission  of  the  Director  of 
the  United  States  Oeologlcal  Surrey.  Dt^ 
cusses  the  various  Investigations  carried  out 
by  this  government  bureau. 

Coet  AcoooBttef . 

A  Complete  System  for  the  Purchaaing 
Department.  J.  Cecil  Nuckols.  Eng  Mag~ 
Apr.,  08.    6  Hgs.    1700  w.  40e. 

Additional  Methods  of  Tracing  the  Prog- 
ress of  tbo  Work  Oscar  R.  Perrigo.  Ir 
Tr  Hev — Apr.  L'.  i>s,  ties.  :!Tno  w.  20c. 
Seventh  of  a  series  of  articles  on  cost-keep- 
ing snd  shop  management. 
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CONCKETE-STEEL  ENGINEERING  COMPANY 

PARK  ROW  BatLDlNG      Co»«altIns  Ensin««ra  NEW  YORK  CITY 


awM  Tuna 


THACHER  BARS 


J 


POWER  PLANT  EQUIPMENTS 


OAS  PROmiCER  INOTALLATIONS 


CONSULTING  ENGINEERS 


GAS  FURNACE  PLANTS 


Situations  Wanted 

Until  furttttr  noUe*  w«  wUl  publish  witkoat  ehvi* 

ddvertitcmenti  from  our  reinilar  iiub«crlb«r«  who  Mak 
emplormCDt-  Maki^  them  tirlrf  Rej:ilies  may  tM  Mnt  !■ 
•«r  car*.    Tb*  chari^e  to  othen  li  two  canta  a 


ORADUATB  MBJCHANICAL  BNOINBBR  (80).  expOTl- 
«noed  In  electrical  ertKlceerinK  a.n<l  a  machinist  bf  trade, 
dmlrce  a  poKltlon  aa  superintendent  or  a»alslant  managar 
Of  machine  mannfactarinB  eatabllshment.  Bxp«rl«oe«d 
la  po««r  Dlaot  conatnnttoat  aaad«m  '^^''^  nop  pw 
ttce  and  Dualiwra  raatfeods.  HaT«  bandied  wm  neoMM 
fally.  Addreu,  1816,  care  Englnf«r!nf  n!p<>*it. 

POSITION  WITH  OPPORTUNITy,  by  employed  cradu- 
•te  mechanical  enclocer.  Have  had  one  rMr'a  expert- 
•Bce  In  manufacturing  plant,  one  rear  teetlnf  and  com- 
pntlng  reinforced  concrete.  Can  handle  men.  Add 
"B.  B.  T.."  care  of  The  Bnflneertns  Digest. 


TRADE 


PATENTS 


COPY- 
RiailTS 


PMaot  So  c  tor  mat  ConiiMl.  fttont  Oftloe  aad 

Court  Practice.   High  Class  Service. 
WILLIAM  T   JONES.  Atlorney    and  Counsclor-at- 
Law.    Suite  2-7  Metzerott  BIdg.,  Washiogton,  D.  C. 


HAIR  GROWS! 

WhOD  our  Vacuum  Cap  m  uned  n  r.  w 

nilntitAH  ilfilly.    Boot  on  no  dnyo  FliKF. 
irKil  III  Diir  .'XiheDi*'-.    Ni>  •Irni:''  >>r 
trli-lt_\.  St' >[•■<  ff! !!  •   L- li  >i  I  -  i"i"->".  il*.r>4rurf. 

MODERN  VACUUM  CAP  CO. 


594)  llnrrlH)  Klix-k 


Di-iivpr,  Colo. 


Testing  Laboratories 

T%9  imUutrial  Laboratoriet 

No.  184  Front  Street, 
New  York  City. 
Conaulting  and  Aaalyttcai  Cbemlfta. 
Df^  K?.   aod   Supervise  ConstnctlOO  of  Ct«mlcAl  PliJlti. 

ruraish  AdTioe  Wbmver  Chemlcala  are  Made  «r  Oaei. 
4,  X. 


Midiifui  Technical  Laboratory 

Testing,  Consulting  and  Analytical  ChwUsta. 
AaaJyM*  aad  Btpnta  nada  la  all 

CMntail  Bnglne«rInK 

SS-4I0  Lafayette  bouieirard.  DBTROIT,  HIGH. 


Architectural  Books 


Architectural  Books 

Send  rnr  STU niC.ST  S  A  DRAFTSMAN'S 

.it.iingue    (Small  montliUr  pajnoMota.) 
Also  Gonrrnl  CatalVBDa  ot  AMhlUMOCal* 

S.uuDie  copy  Of  AMbltaoW  'A 

ua  r««iki«*t. 


It  Wilt  Bo  Uutaallr  BanaBelal  to  Baf 


[.  T.  OMMVOOK. 
WitTM  ML, 

Wkera  Tmt  Saw  tha  AdvarttMBMat. 
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Time  Keeping  and  Distribution  of  Cost 
SystemB.  J.  H.  K.  Shannalian,  Jr..  and  B. 
O.  RelsL  BuHlnen  Man'a  Has — Avr.,  OS. 
1  fls.  1400  w.  20e.  Oeaorlbes  the  unlgae 
■yatema  now  In  uae  by  tb.9  Maryland  StMt 
.  Co.  of  Sparrows'  Point,  Md. 

Ba^vftn*  Uabilltf ,  Imw  of. 

Tb«  tMW  of  Blectrto  Light  Companies.  J. 

E.  Brady.  Elec  Wld— Apr.  4,  08.  2100  w. 
20c.  Discusses  liability  of  electric  compa- 
nies to  their  employees. 

Bngtneers  and  Public  Affairs. 

The  EnKlneer's  Activity  In  Public  Affairs- 
Public  Utility  Commission's  and  Franchise 
ValuatioDB.  Henry  Ploy,  Proc  A  I  B  B — 
Apr.,  08.  :■  10  w.  SOc.  Paper  presented 
before  the  American  Institute  of  Electrical 
lfaiSliiMra«  New  Tork,  Apr.  10,  08. 

Vactory  Management. 

An  Analysis  of  Machine-shop  Metiiode. 
Holden  A.  Evans.  Am  Mach — Apr.  11,  0  8. 
5  flgs.  6800  w.  20c.  Discusses  the  In- 
efficiency in  Government  shops  which  Is  often 
due  to  day-work,  lack  of  ■yatam  in  toola, 
material  and  orgMklntfon. 

Effective  Machine-shop  Organization. 
Alexander  Taylor.  Am  Mach — -Mar.  19,  08. 
1600  w.  "  Stales  methods  used  by  the 
WestinRhouKL'  Elec.  &  Mfg.  Co.  for  fixing  re- 
Bponslbility,  Increasing  productive  periods 
and  floor  space  and  decreasing  clerical  labor. 

Tnereastng  tbe  WUOxAmof  of  IbAhlnee. 
Oscar  E.  Perrigo.  Southern  itmihf  -Afig.t 
08.    4  figB.     2800  w.  20c. 

Making  the  Most  of  Floor  Space.  O.  W. 
Mueller.  Factory — Mar.,  08.  6  figs,  1200 
w.  40c.  Shows  how  a  machine  shop  can 
be  laid  oat  to  aecure  economy  in  production. 

Mazlmiim  Prodnetton  Tbrough  Orgaain- 
tlon  and  Supervision.  C.  B.  Knoeppel.  Bng 
Mag — Apr..  OS.  4000  w.  40c.  Deals 
chiefly  with  the  adjustment  '  r  the  Internal 
organization  to  the  utmost  working  efflciebcy. 

Produrinp  Power  at  Lowest  Cost.  O.  M. 
Becker  and  W.  J.  Lees.  Factory — Mar.,  08. 
4  flga.  2800  w.  40c  V.— OrgantntlMk  of 
tlie  OperaUnt  Force.   Sbowa  Jhow  responsi- 


bilities in  the  plant  can  be  fixed,  what  men 
ataould  be  choaen  for  definite  poeitloiis  And 
how  the  operating  force  ahonld  be  handled. 

Running  a  Factory  by  Schedule.  Robert 
Daily.  Factory — Mar..  OS.  4  figs.  1400 
w.  4  0c.  V. — Shows  In  detail  how  dally  re- 
ports of  one  of  the  originating  departments — • 
the  foundry — arc  summarized  for  ttB  QllielE 
insj>ectlon  of  the  work's  manager. 

The  Fandamental  Prfnetplea  of  Work  Or- 
ganization and  Management.  P.  J.  Darling- 
ton.   Eug  Mag — Apr..  08.    6200  w.  40c. 

gyglentee  of  lllwmliietlen. 

Hygienics  of  Gas  and  Electricity.  Samuel 
Rldeal.  Prog  Age — Mar.  27.  08.  3500  w. 
20c.  Paper  recently  pri  -  lu  id  to  the  Royal 
Sanitary  Institute  of  Ix>iuion.  Gives  data 
upon  which  it  is  argued  that  the  choice  be- 
tween the  two  system  does  not  depend  on 
hystente  coiisldemtloas. 

Industrtal  Conditions,  Worianan's  View  of. 

American  Industrial  Conditlona  from  a 
Workman's  Vlewpcrtnt.    Bng  Mac— Apr.,  08. 

1600  w.  40c. 

Industries,  Claasiflcation  of. 

The  Classification  of  Industrial  Enter- 
prises. William  D.  Bania.  Stev  Inst  Ind — 
Jan.,  08.  6500  w.  60&  Study  of  the  con- 
ditions which  mar  serve  to  «l«Mlf!r  Indna- 
trlee  ao  as  to  determine  the  jvstnees  of  their 
standards  Of  procaM,  organiaitlen  end  Sftnlp- 
meat 

Shop  BdneetioK. 

Progressive  Shop  Education — A  Snggee- 
tion.  Frederick  A.  Waldron.  Am  Mach — 
Apr.  2.  08.  noo  w.  20c.  Outlines  a  con- 
tinuous and  systematic  course  to  train  ahop- 
tnen  for  responsibilities  of  effectlTe  fOremSH* 
superiutendents  or  managers. 

Wage  Systems. 

The  Payment  of  Wages.  Forrest  B.  Car- 
dullo.  Ir  Tr  Rev — Mar.  19.  08.  4700  w. 
20c.  Discusses  three  systems  In  general  use 
and  sets  forth  the  advantage  Of  an  Ideal  sys- 
tem in  which  results  rather  than  time  QMllt 
are  tbe  baaia  of  paymenL 


ELECTRICAL  ENGINEERING 


£LECTIlOCH£MISTBY. 
Btoragw  Battertee. 

Tin"  Care  of  Storage-Battery  Cells.  Will- 
iam Kavanagh.  Power^ — Mar.   17,   08.  2 

ags.  1000  w*  S0& 

ELIBCTROPHYSIOS. 

Altemate^Current  .^n.ilysls. 

Vector  AUT'hra  for  Alternate-CurTent 
Problems.  William  Cramp  and  C.  F.  Ftiil':i. 
E!  Engr— 5Iar.  20,  OS.  3  figs.  2600  w. 
40c.  auBK'"st3  an  improvement  In  the  nota- 
tion for  dealing  with  alternate-carrent  prob- 
lems. 


Electric  Discharges  Through  Gases.  Engg 
—Mar.  13.  itS.  I  lig.  3200  w.  Mar.  20. 
2100  w.     .Mar  27.     4  flgs.     1900  w.  Apr. 

3.      2  100    w.      Karh    4  0  c.      RCsumfs   of  a 

series  of  four  lectures  at  the  Royal  Institute 
by  Prof.  J.  J.  Thomson. 

ORNERATORS,  MOTORS,  TBANBTORMBRB. 

.\lte maters  In  Parallel. 

Alternators  In  Parallel.  Morgan  Brooks. 
West  Elecn — Mar.  21.  08.  12  figs.  1300 
w.  20c.  Paper  presented  hofore  the  Elec- 
trical Section  of  the  Western  Society  of  En- 
glneera,  Chicago,  Mar.  11,  08.  Oiyea  a  dia- 
gram ahowlng  what  chuiBe  ss  to  power  In- 
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Technical  Education 


Annomr  Institute  of  Technology 

CHICAGO,  ILLINOIS. 

CouTMS  In  BUMtrtcal,  Medumlcal,  CItII,  Chemical  maA 
Fir*  ProtMtloa   BoKloMrlDC  aad  ArohiUctur*.  Com- 
pl*Ul7  aqulpped  UbontorlM  In  all  dtpartmanta. 

Tear-book  Mot  on  appUoation. 

Lehigh  Uniyenity, 

SOUTH  BETHLBHBM.  PA. 
HENRY  S.  DRINKER,  President. 
Conrees  In  CItII.   Mechanical,   Mining,  Hetallurdeal 
Electrical,  and  Chemical   Engineering,  in  Electrometal- 
lurgy and  Chemistry.  Also  Claeslcal  and  Literary  Couraaa. 

For  further  Information,  for  Registers  of  the  Unlveraity 
and  for  descrlpUye  circular*  of  the  different  coursaa 
address                                      THE  REOISTrar 

CUrluon  School  of  Technology. 

Thomaa  8.  Clarkaon  Memorial,  Potidam,  N.  T. 
wf»nl«e<l  under  charter  of  the  UnlTeraltr  of  th*  State 
•J  New  York.    Courmee  leadlnx  to  de«re«i  of  Bachelor 
of  8olme«  in  Chemical,  CItU,  Electrical  and  Mechenlcal 
Ennneertog,  comprliln*  four  year*  of  thorough  training 
and  reeldent  college  work  In  theory  and  practice  of  engi- 
neering.    The   Clarkson   Bulletin,   published  Quarterly 
mailed  on  application. 

WM.  8.  ALDRICH.  Director. 

ReuseUer  Polytechnic  Institiite, 

TROT.  N.  T. 
A  SCHOOL  OP  ENOINEKRINO  AND  SCIBtNCB 
Roads.  Railroads,  Bridges,  Roofs,  Arches.  Dams  Btean 
Engines,  Electric  Engines,  Dynamos.  Turbines  Pounda- 
tlons,   Water-Works.    Tunnels,    Sewers.    Rlrers,  Canalai 
Chemical  Analysis,  Mineralogy,  Metallurgy,  Assaylng^^ 
For  catalogue  or  other  Information,  sddreas 

PALMER  0.  RICKETT8.  PraaldanL 

CoIIefe  of  Engineerinf, 

OHIO   NORTHERN   UNIVERSITY,   ADA,  OHIO. 
OottrMe  in  CItII,  Mechanical,  Electrical,  Mining.  Sanl- 

„„  tary.  Municipal,  Archltectura. 

THOROUGH.             PRACTICAL.  ECONOMICAL. 

School  In  eesilon  the  entire  year.    No  time  limit  for 
graduation.    No  fee*.    Rnter  eny  time.    We  glre  etudenta 
what  they  need,  when  they  need  It. 
For  pamphlet,   cauiogue.  or  Information,  addraaa, 

THOS.  J.  8MULL.  Dean. 

Rom  Polytechnic  Institiite, 

TBRRB  HAUTE,  IND. 
Coursee  In  Mechanical.  Electrical  and  CItII  Bnglnaerlng 
Architecture  and  Chemistry.     ExtenslTo  Shops.  Com- 
pletely equipped  Laboratoriea  In  all  DeoartmenU.  Bz- 
pensas  low. 

For  caUlogue  or  apaolal  Information,  addrmt, 

C.  L.  MBES,  Preatdaot 

SELF  EDUCATION 

TEACH  YOURSELF  AND  INCREASE  YOUR  WAGES 

ONIY  DRAKE'S  PLAINIY  WRITTEM 

PRACTICAL  BOOKS 

CAN  TEACH  YOU  WITHOUT  THE  AID  OF  INSTRUCTORS 

A  CORRESPONDENCE  COURSE  IN 
REINFORCED  CONCRETE  DESIGN 

For  engineers.  architeotB  or  their  oMlstantj  and 
all  men  havintr  some  enKineerinK  training  or  ex- 
pcrlouce.  An  undemtandine  of  liieher  mathe- 
matics ia  ncceasary.  but  wo  ha%'o  n  course  in  tha 
also. 

The  roarae  In  dpsign  la  written  by 
Wllbnr  J.  Watson.  M.  Am.  Hov.  C.  E. 

For  a  few  weeks  we  are  making 
a  reduction  of  40  per  cent,  in 
the  cost  of  this  course. 

PAYMENTS  UN  BE   MAOE   IN  INSTALLMENTS  TO 

AlllV     TUP       gswiiiai~aa-M-|Ms  ■uMM.aAv 

SUIT  THE  STUDENT  S  INCOME 

ProfpectuB  and  application  blank  upon 
rniurvt.     Al»o  teinl  fur   a   copy  of 

CONCRETE  ENGINEERING 

The  only  engineering  and  oontractinR  journal 
devoted  excluHively  to  the  concrpto  industry, 

587  Caxton  Building.     Cleveland,  Ohio 

Kvcry  vnlumc  po«.ltlvoly  UP-TO-DATE  an.l  \iriii,  n 
in  a  lauiniaec      plain  th8t  even  a  rhllrt  fan  muter- 
»tanrl.   DRAKE  l^  llio  larirput  publinher  nl  Modern 
Mechanical  Book*  for  home  and  tbop  fttudy  in  Ihe 
world.    \V<.  iiiiM|..fi  good  t.i.nk'.  mi  i/\  tTy  un'i  tiiiiiical 
MiliJ<-<'t     Our  larae  illuttraled  Catatoc  now  ready. 
Sent  free. 

FREDERICK  J.  DRAKE  &  COMPANY 

MO  Wabaah  A*eao«        CHICAGO.  U.  S.  A. 

In  onkTlni:  nurrntalok:  please  niciition  tlils  parM-r. 

A  HINT 

When  you  write  advertisers  in 
THE  ENGINEERING  DIGEST 
don't  fail  to  say  where  you 
saw  the  advertisement.  This 
courtesy  will  be  appreciated 
by  us  and  will  tend  to  improve 
the  magazine. 

It  will  Be  Mutually  Beueflcial  to  Say  Where  You  Saw  the  Advertisement. 
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take  of  Olio  niiichiue  or  of  the  other  is  caused 
by  a  Kiven  change  oC  Mcoltmtloii  Of  vector 

position  or  of  load. 

Coiiunnuitors.  Trnlng  of. 

Jruiiig  Up  Rotary  Commutators.    C.  L. 

Greer.    St  Rjr  Jl— Apr.  4,  08.    2  fLgfi.  600 

w.  20c 
Dfrect-Carrc'iii  Motors. 

Direct-Current  Motors,  Thoir  Action  and 

Control. — VI.    F.  B.  Crocker  and  M.  Arendt. 

Blec  Wld— Apr.  4.  08.    14  flge.    1200  w. 

20c.   Deieribae  apeed  control  in  motors  with 

unsaturated  magaetle  drcuita.  in  motors 

with  high  flux  density  of  the  pole  tlpe  and 

In  inlprpole  motors. 

Heating  of  Armature  Core*. 

The  Heating  of  DToaino  Amature  Cores. 
G.  Schmaltz.  Elek  Zelt-'Mb.  27,  08.  6 
figs.     1000  w.  '40c. 

Sliig!le»niBae  MoCoiB. 

The  Classification  of  Slngle-phaae  Motors. 
J.  Jonas.  Elek  Zelt— Feb.  27,  08.  MOO  w. 
40a 

Transformer  Design. 

Transformer  Design.    E.  Aim.    Elek  Zelt 

—  Mar.  r,.  OS.  5  flgs.  4600  w.  40c.  Gfves 
method  of  calculating  dimensions  of  a  trana- 
former  whose  cost  Is  a  minimum  under  the 
given  ooBditiODs  of  efnciency  and  beating. 

LIGHTING. 
UlnmiuAtlng  Engineering  and  Architects. 

The  Relation  of  IHttmlnatlng  Engineering 
to  Architects  from  the  EngUMN»r'a  Standpoint. 
K.  L.  Elliott.  Am  Gas  Lt  Jl-^Uu,  it,  08. 
4600  w.  20c.  Paper  road  before  the  New 
York  Section  of  the  illuminating  Engineer* 
ing  seeletr. 

ninmlDHtJnn. 

Economical  and  Efficient  Plans  for  Light* 
ins  STnall  HouBi-'S.  J.  R.  Cravath  and  V.  R. 
Loinslngh.  Ek-c  Wld^Apr.  i,  08.  8  flgs. 
8200  ^.  20c. 

Influence  of  the  Height  of  Suspension 
Upon  Uniform  Ulumlnation.  Alfred  A. 
Wohlaucr.  Elec  Wld — Mar.  21.  08.  5  flgs. 
2200  w.  20c. 

On  the  Coini'-irisois  of  Public  Street  T.lght- 
lue  KfTccts.  W.  H.  Y.  Webber.  Am  Gas  Lt 
jl_Apr,  6.  08.  4  flgS.  8600  W.  20C. 
From  the  "Gas  World." 

Problf  ras  In  Illumination  Made  Easy.  W. 
R.  Bonham.  Woat  Blocn — Apr.  11.  08. 
450  Ow.  20c. 

MercnryVapor  I«iDp. 

A  New  Form  of  Cooper-Hewitt  Mercury- 
vapor  Lamp.  F.  H.  Von  Keller.  Weat 
Elcrn— Apr.  11.  08.  3  fips-  KOO  w.  20c. 
Describes  a  form  of  lamp  in  which  tilting  la 
not  neceaaary  to  effect  atardng. 

Photometry. 

A  Calculator  for  the  Use  of  Illuminating 
Fnginp^rs  Xorman  Machoth.  Ill  BngT— 
Mar.,  08,    3  flgs.    ISOO  w.  40c. 

KAT. 


A  Convenient  Metbod  o(  Drawing  tlua 

RouB.'^cau  Diagram.  W.  8.  Kilmer.  Ill 
Eugr— Mar..  OS.     1  fig-    800  W.  40c 

A  Method  of  Determining  .Mean  Spherical 
Candle-Power  Without  the  Use  of  the  Rous- 
seau Diagram.  Norman  Machelh.  Ill 
Enur— Mar..  08.    1  flg.    300  W.  40c. 

A  New  Graphic  Method  for  Determining 
the  Mean  Spherical  Intensity  of  a  Lamp  by 
the  Length  of  a  Straight  Line  When  the 
Cvirve  of  Mean  Meridianal  Intensity  Is  Given. 
A.  E.  Kennelly.  Blec  Wld— Mar.  28,  08.  9 
flga.    400  V.  SOOw 

TELEGRAPHY  AND  TBIJEPHONY. 

Automatic  Telegraphy. 

"Electro-Magnet!  '  Automatic  Telegraphy. 
(The  "TelepoBt.";  Falrick  B.  Delany.  Jl 
Fklin  Inst — Mar.,  0  8.  Ki  flgs.  4  500  w. 
40c.  Deacribea  the  inventor 'a  aystem  where* 
by  1000  words  per  mlnvte  can  be  traas- 
mltt«»<!  over  a  wire. 

Cities,  Telephone  and  Telegraph. 

Telephone  and  Tel^raph  Cables.   F-  "Ti*" 

main.  Elec  EnRg— Apr.  2,  08.  4600  W. 
40c.  A  paper  read  at  a  meeting  of  tm  New- 
castle Local  Section  of  the  InstitntlOII  Ot 

Electrical  Engineers,  Mar.  23,  08. 

Wireless  Telegraphy. 

A  Directive  Svslem  of  Wireless  Teleg- 
raphy. B.  Bellini  and  A.  Tosl,  Blec  Engg 
lllfar.  5.  08.    10  flgs.    4000  w.  400. 

Wireless  Telegraph  Plant  at  the  Unlt^ 
States  Naval  Academy.  Lieut.-Com.  W.  H. 
G.  Bullard.  EleC  Wld — Mar.  21,  08.  4  flgS. 
2100  w.  20c. 

TESTS  AND  MEASITBiBMEIlTS. 

A.  C.  Measuring  Instruments. 

New  Alternate-Current  Instruments.  W. 
E  Sumpner.  D.  S.  C.  and  J.  W.  Record. 
Elec  Engr— Mar.  27,  08.  i:i  flgs.  4000  w. 
40c  Paper  read  before  the  Institute  ot 
Electrical  Engineers.  Describes  Instru- 
mentB  which  are  the  outcome  of  an  investi- 
gation on  the  vroperUea  of  iron-cored  eleo- 
tromagneu  for  use  In  altomste-cnirrsiit  in- 
struments. 

Central  Station,  Te^t  of. 

Test  of  a  Medluui  Capacity  Centrrf  fltsp 

tion  Howard  S.  Knowltou.  Elec  Wld— 
Apr.  4.  08.    4  flRs.    3600  w.  20c. 

Generators,  To^tinR  of. 

Artificial  Load  for  Testing  Electrical  Gen- 
eratora.  R.  K.  Morcom  and  D.  K.  Morris. 
Elec  Bngr— Mar.  27,  08.  6  figs.  3300  w. 
Apr.  3.  8  flgs.  2100  w.  Bach  40c  Paper 
read  before  the  Institute  of  Electrical  gng' 
neers.  Treata  Of  the  use  of  watM  rssut- 
ances. 

Tests  of  Electrical  Machinery.  Indus 
Elec— Feb.  25»  08.  6000  w.  40c  Olvee 
a  comparison  of  various  methods. 

iMi. 
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WinimM»r 


Edge's  Weight  Computer 

/br|Structural  Shapes— iVvf^  $2.00 


Very  Useful  and  Helpful  Instrument/' — Ndsm  CmtshmUUm  Co. 

"^HIS  k  a  conTenient  and  low-priced 
labor-caving  device  bf  oieeM  of  wkidi 

the  weight  o(  any  plate,  from  the  smallest 
filler  to    the  largest  rolled  web  plate, 


angle  bars  and  beams  oi  any  length  can  be 
(olind  in  a  few  seconds  without  multiplica 


tion  or  reference  to  boob  or  tables. 
Eiiton  •re  entirely  Ununited;  weiehls 

are  definitely  marked  on  the  iewlt  ^cale. 

The  computer,  several  times  as  rapid  as 
a  slide  rule,  will  save  its  cost  in  two  or 
three  day*. 


AGENTS  WANTED  RVERYWHERE 
Liberal  Discounts 

Send  for  Desertptive  Circular 

The  Edge  Gmiptiter  Sales  Agency,  Room      220  Broedway,  New  Yark 


Itinu  Be  Mataallr  BmSeiai  to  Say 


Too  Saw  At  ASTcrtlfaoMBt. 


^  kjui^uo  i.y  Google 
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The  Meter  and  Testing  Department  of  the 
Hartford  Electric  Light  Co.  F.  W.  Prince. 
BleeJl— Apr.,  08.    S  flgi.    8000  w.  tOe. 

OHClUograph. 

The  Oscillograph  and  Ita  Application.  J. 
A.  Johnson.  Jl  Wor  Poly  Inst — Mar.,  08. 
20  flga.  6500  w.  40c.  Describes  the  In- 
strumsiit  and  the  work  it  does»  toc»tli«r  'with 
tbs  nMM  It  era  be  put  to  la  oonasottoa  with 
the  work  of  «  targe  power  oompwir* 

TRANS^nssfON,  DISTRIBUTION,  CONTBOIi. 

GaMes,  Capiicitjr  of. 

Cspadtj  of  Cables.  F.  J.  O.  Howe. 
Bleon— Mar.  SO,  08.  8  llgs.  3(00  w.  Mar. 
27.    6  figs.    1800  w.    Bach  40«.  PolBtB 

out  orrors  In  measurements  due  to  methods 
now  used  and  glvca  results  of  an  InreBtlga- 
tlon  which  led  to  the  design  of  a  simply 
operated  combined  bridge  for  resistance,  in- 
duetance  asd  eaipaeltr  measnnmeiits. 

Oboklng  CktUs. 

Choking  Coils.    Pract  Engr  (Lond)— Apr. 
3,  08.    1  fig.    1800  w.    40c.    Olvoa  m.  th 
ods  for  calcuUtlns  dimensions  and  windings 
of  an  apparatus  to  ledvoe  altamatliis  Tolt^ 
age. 

Olrcnit  Breakers. 

Alioiith  Circuit  Breakers  for  High-Te&aloii 
Systems.  Indus  BloO — ^Mar.  10,  08.  2  flgS. 
2400  w.  40c. 

Circuit-Interrupting  Devices.  F.  W.  Har- 
ris. Elec  Jl— Apr.,  08.  7  figs.  1900  w.  20c 
V. — Carbon-Break  Clrcatt  Breakers. 


Fuse  Phenomena.  Prof.  Alfred  Sohwarts 
and  W.  H.  N.  James.    Blec  Bngg — Mu.  18, 

08.    12  flgs.    6000  w.    40c.    Paper  on  the 

propORf»d  standardization  of  fuses  read  be- 
fore ttit"  Manrhnster  Section  of  the  Institute 

nf  KU'ftrlcnl  Entrlneers,  Mar.  31,  i)8. 

Insulators  for  High- Voltage  Lines. 

High-Voltage  Insulator  Manufacture. 
Walter  T.  Ooddard.  Can  Elec  News — Apr., 
08.    11  flgs.    8200  w.    80e.  (Cone.). 

Porcelain  Insulator  for  Rtgh-Voltage 
Lines.  J.  A.  Sanford.  Jl  Wor  Poly  Tost— 
Mar.,  OS.  :.ooo  w.  40c.  DIbcubbgs  re- 
quirements, manufacture,  testtug  and  cur- 
rent practice. 

Poles,  Concrete. 

Concrete  Poles.  F.  N.  Eutherford.  Can 
Bngr.   Apr.  8, 08.    1  flg.    1300  w.  SOa 

Pfocective  Devices. 

Protective  Device  for  High-Tenaion  Trans- 
mission Circuits.  J.  B.  Peck.  MechEngr— 
Mar.  20.  08.  8  fl^js.  300  w.  Mar.  87.  18 
fles.  2400  w.  Each  40c.  Abstract  M  pager 
read  before  the  Instltntlon  of  Blectrlcal  Bn> 
gineers. 


Protective  Relays.  M.  C.  Ryplnski.  Elec 
Jl — Apr.,  08.  3  flga.  8000  w.  20c.  Alters 
nattnf-ciirrent  orerload-— polyphase:  InTerse 

time  element  action. 

The  Protection  of  Electric  Circuits  and 
.'Vpparatus  from  Lightning  and  Similar  DIa- 
turbances.  R.  P,  Jackson.  Blec  Jl — Apr.* 
08.  8  flgs.  3800  w.  20a  QiTes  dlra^ 
tlons  for  spedtylas  llshtning  arresters  and 
choke  coils. 

Swiss  HI^-TMiaion  Transmisaleii. 

The  Engleberg-Luceme  25,000-Volt  Ov«r- 
he:id  Transmission.  Elec  Engg — Mar.  12, 
tiS.  flg.s.  140  '  w.  40c.  Gives  a  de- 
scription of  the  high-tension  transmission 
lines  and  sab-stattons  hslonsinff  to  this  cam- 
pany. 

Voltages  for  Economical  Traasinission. 

Distribution  Voltage  for  Central  Stations. 
J.  B.  Fries.  West  Bleca — ^Apr.  4,  08.  4 
flgs.    8700  w.    20e.   A  paper  read  before 

the  Toronto  Branch  of  the  American  Instt> 
tute  of  Klectrlcal  Engineers,  Mar.  13,  08. 

Economical  Pressures  for  Power  Trans- 
mission by  Underground  Cables.  J.  B. 
Sparks.    Blec  Bngg — Apr.  8,  08.    4  tea. 

2100  w.  40c 

Wiring  Rules. 

Comparing  Gi-raiau  and  English  Wiring 
Rules.  W.  P.  Stelnthal.  Elec.  Engg — Mar. 
26.  OS.    i(>oo  w.    40c.    Abstract  of  a  pc^r 

before  tlie  Leeds  Local  Section  Of  the  IlMtlttt- 

tion  of  Electrical  Engineers. 


MISCELLAIIEXIIJS. 

iiureau  of  StMidamls:  Talme  to  Blectrtoal  ^ 

dustry. 

The  National  Bureau  of  Standards:  The 
Service  that  It  May  Render  to  Electrical  En- 
gineers and  Central-Station  Companies. 
Joseph  B.  Baker.  Bleo  Wld— Apr.  4,  08.  3 
flgs.    3800  w.  20c. 

Copper  and  Electrie-ol  Industry. 

Is  Copper  Essential  to  the  Electrical  In- 
dustry? H.  M.  Uobart.  Cass  Mag — ^Apr., 
08.   1700  w>  4Pe. 

Paper  Manufacture,  Blectrle  Power  in. 

The  Application  of  Electric  Power  to 
Pulp  and  Paper  Mills.  LeRoy  M.  Hanrey. 
Bag  Rec^Mar.  14,  08.    4000  w.  30e. 

Plants,  Effects  of  Electricity  on. 

The  Effect  of  Electricity  Upon  Plants.  J. 
H.  PriesUey.  Elec  Engg— Mar.  26.  08. 
5000  w.  40c.  Abstract  of  paper  before  the 
Proceedings  of  the  Naturalteta*  Soetoty. 

Porto  Rico,  Electrical  Developmente  tn. 

Electrical  I)e\ .'lopmeuts  In  Porto  Rico. 
Elec  Wld— .Mar.  28,  08.  6  figs.  1600  w. 
30c. 
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DNAWINa  INRB 
KTCRNAL  WRITINO  INK 
CNOROSSINa  INK 
TAURINC  MUCILAQC 
PHOTO  MOUNTSN  MMTt 
DRAWINO  aOARD  MSTB 
LIQUID  PASTE 
OFFICE  PASTE 
VCQCTABLE  QLUE,  ETC. 


Best  Goods  of  Their  Kind 


Siajuicip«ta  yoBCMlf  from  the  use 
of  eonodve  sad  in^iiwlliiig  iaki  and 
adhesives  and  adopt  the  Hin^n* 
Inks  and  Adhesives.    They  will 

be  .1  rrvr-Iation  to  you,  they  are  so 
sw(!rt,  clean  aod  well  put  up.  For 
home,  otiice  Of  aebioal  nas  tiMij  are 
unexcelled. 


AT  DEALEHS  GENERALLY 


CHAS.  M.  HIGGINS  &  CO.,  Manufacturers 

Bmcbes:  Outm,  Lutai  271  NHth  Stmt.  BROOKLYN.  N.  T. 


MIDGET  SLIDE  RULE 


;  Materials  and  SurTeyiiiK  Ii 

Wnt*  for  CircoUr  No.  8 

KOLESCH  &  CO.,  138  Fultoo  Street 
NeirYork 


■mauaaiB  1883 

R.  SEELIG  &  SON 

MAjreffSMTrUB-s  nr  THK  MOST 
lUPKOVKD 

Engineering 
^  Surveying 
Instruments 

TmI  I II  ■■*^^  A^utaS. 

170  E.  Madison  Street 

Chicago 

Send  for  •{weiAl  cAtAlocua 


BUFF 


ENGINEERING 
INSTRUMENTS 


Briff  &  M 

Company 

Jiauca  riaia  SlaliM 


The  "Buff" 

is  the  strooiest,  most  n%ii  and  loQiest 
lived  traasit  built.  Ask  aay  eaiioeer  who 

OWII 


L  G.  RUEHLE  &  CO. 

11»  FUte  8l«  NEW  YORK 

iDd  Importers  Ri*?"' 


AKHnECTS'  AND  EaSMEEir  lOmKS 

DRAWING  MATERIALS 

THI  ORIATUT  TIME  SAVER  IN  SXWTEIlOB  ■hh^^mbb 


T 


HE  ENGINEERING  DIGEST  should  always  be  on  the  library  table  of  every 

engineer.    It  is  a  coDataat  eurreat  reference  to  ell  articlea  of  importance  in  the  ei 

of  EaaiiiaariHia  Sodslies  of  tint  wacld* 


It  will  Be  MatuRllr  Bene&clal  to  Say  Where  You  Saw  the  AdTertlaement. 
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INDUSTRIAL  TBCHNCttXXlY 


G«s  Bngineerlng. 

A  Xl'w  Ciirtionlc  Aclil  Gas  Indicator. 
Charles  D.  Kobisoii,  J'rog  Age — Mar.  16, 
08.  1  flg.  1000  w.  20c.  Paper  read  be- 
fore the  American  Can  Institute,  Wasbiug- 
ton  D.  C,  Oct.  ir.,  08.  Dt'stiibes  a  new 
apparatus  for  use  in  connection  with  water- 
gas  generators. 

Oas  LightlDg  In  tlie  Factory.  T.  J.  LIUe. 
Prog  Age — Mar.  16.  08.    6  flgl.    3600  w. 

20c.  F'.-iiier  read  before  the  Natl.  Comin^F- 
clal  Gaji  Assn..  New  York,  Jan.  8-10,  08. 
Shows  the  uses  and  advantages  of  the  In- 
verted gas  mantle  and  Its  economy  over  oiher 
metliodH  of  illumination. 

Readiness-to-Serve  Cost  of  Gas  Bupply. 
W.  H.  Gardiner.  Prog  Age — Mar.  lii,  oS. 
1  flg.  3000  w.  20c.  Paper  read  before 
the  New  England  A«n..of  Oas  Bnglneen, 
•  Boston,  Feb.  18-20,  08.  Dticttiaea,  with 
calculation,  the  proportion  of  the  price 
chargod  for  gas,  which  is  due  to  investment, 
over  and  above  that  part  actually  due  to 
manufacture  and  delivery. 

Retort  House  Practice.  W.  I-'-.  Hartman. 
.  Am  Gas  U  Jl — Apr.  ti,  os.  1  fig.  6000  w. 
20c.  Paper  read  »t  the  fourth  annual  meet* 
Ing,  IlHttoia  Oas  AsMMslatlon. 

The  Behavior  of  Ca.s  Pipes  I'nder  PresB- 
nre.  A.  Petsch.  Jl  f  Gasbel  -.Mar.  I  J,  08. 
6  flga.     1800  W.  60c. 

The  Disposal  of  Coal  Tar.  Carroll  Miller. 
Am  Oas  Lt  Jl — Mar.  23.  08.  1600  w.  20c 
Paper  t«ad  before  the  New  Bngland  Amodar 
Hon  oC  Qaa  Bnglaeen.  Sbowa  the  Talne  of 
tar  as  a  by-prodQCt  to  botlk  the  gas  and  coke 
industries. 


The  Roger  Incandescent  Gas  Lamp.  H. 
Guirltt.  Q4nte  Civil— Mar.  21.  08.  3  figs. 
l&OO  w.    80e.   Describes  a  lamp  operating 

with  vaporized  gasoline  and  used  by  a  num- 
ber of  French  railways  for  yard  and  station 

lighting. 

Working  Standards  ul  Light  and  Their 
I'se  in  the  Photometry  of  Gas.  Charles  A. 
Bond.  Jl  Fklln  Inst — Mar.,  08.  4  ftgs. 
7500  w.  40c.  Paper  read  before  the 
Franklin  Inatltute,  Jan.  9,  08.  Deals  with 
several  standards  generally  ussd  in  this 
country,  and  faroring  the  Pentane  lamp. 

(•a.«i-Flrlnjr. 

Gas-Firing.       ICrnest.    SchraaLolla.  Brit 
Clay  Wkr — Mar,    OS.     19    flgs.     3400  w. 
40c.   Ad  address  on  gas-flrlng  delivered  be- 
•  tore  the  BngUsh  Ceramic  Society  In  Fab. 

Glac. 

Some  Phases  of  Glue  Selection.  B.  L. 
Fernbacb.    Wood  Craft— Apr.«   08.  3000 

w.  20c. 

Iilme>Damlng,  Heat  Calculations  in. 

Calculating  the  Heat  Balance  of  Lime 
Kilns.  Itohert  Scliorr.  Eng  &  MIn  Jl — 
.Mar.  2  1,  (IS.  2400  w.  20c  Gives  data  of 
combustion  of  coal,  wood,  oil  and  producer 
gas  for  use  in  calculating  the  efficiency  ol 
direct  and  gas-flred  lima  kilaa. 

Shellac. 

Further  Notes  on  Shellac  Dr.  H.  Ende< 
man.  Jl  Fkln  Inst — ^Mar..  08.  2100  w. 
40c.  Additions  to  a  paper  paUlshed  in  Oet^ 
07,  number  of  the  Jonrnal. 


MARINE  ENGINEBRING 


Battleships. 

On  the  Size  of  Battlenhlps.  Sidney  G. 
Koon.  i:ng  Mag  Apr..  OS.  2000  w.  40c 
An  analysis  showing  the  great  sacrifice  in 
efficiency  which  must  be  made  whors  the 
Size  of  the  battleship  is  reduced. 

Speed  In  Battleahlp  Conatmctlon.  Ueut. 
A.  C.  Dewar.  Intor  Mar  Bngg — Apr.,  08. 
2400  w.    40c.    From  the  United  Servlos 

Magazine. 

Tbe  Ileiatlve  Values  of  WarshipS.  C  T. 
Brady,  .ii.     inter  .Mar  Bngf — ^Apr.,  OS.  1 

flg.     1000  w.     4  0c 

Diesel  Sliip  Eitgiiics. 

Diesel  Oil  t^ngines  for  Ship  Propulsion. 
F.  E.  Junge.  Power— Mar.  24.  08.  3  flgs. 
2900  W.  20c.  Gives  results  of  tests  of  the 
latest  type  of  high-speed  Diesel  engine,  built 
at  the  Augsburg  Works.  Germany,  especially 
for  marine  Kervice. 

Forro  of  Hlgh-Hpeed  SiUps. 

The  Form  of  High-Speed  Ships.  A.  B. 
Long.  Ship  Wid — ^Mar.  18.  08.  9  figs. 
3100  w.    40c    From  a  paper  read  before 

J  WAV, 


the  Nortb^Bast  Coast  Institution  of  Bnglr 
neers  and  Shipbuilders  at  NewcastloKiifc- 

Tyne,  Feb.  21,08. 

Heating  and  VentUaUon  of  Ships. 

The  Heating  and  Ventilating  of  Shlpou 

Sydney  F.  Walker.  Inter  Mar  Engg — Apr.. 
08.  3  flgs.  2000  w.  40c  Describes 
metbods  oC  beating  by  stoam. 

Lnbrlcatton  of  Marine  Machinery. 

Internationa!  Lubrication  of  Marine  Ma- 
chinery. Lieut.  H.  C.  Dinger.  Intor  Mar 
Engg— Apr.,  OS.     '2100  w.  40c. 

Marine  Engine  Lul)rication.  Inter  Mar 
Engg-Apr..  OS.  4  100  vv.  40c.  Discusses 
nun-fluids,  petroleum  and  animal  greases, 
and  fiake  graphite. 

Marine  Ikiilem. 

Comparison  of  Rules  for  Calculating  the 
Strength  of  Steam  Boilers.  B<rtlor  Mkr — 
Apr.,  08.  2500  w.  20c.  Compares  results 
obtained  from  the  use  of  U.  8.,  Lloyd's, 
Board  of  Trade,  British  Corporation  and 
Bureau  Veritas  rules,  with  critical  eommsnt. 
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Th©  Clipper  Clip 

J^^^Ils  triatiRular  shape  prevents  entan^linK 
and  gives  three  times  the  capacity  of  any  other 
Clip  for  attaching  papwrs  together. 

Bfs^  and  C/iru/est.    AU  Stationers. 

Bract  or  Steel.  Send  10c.  for  Box  of  100. 

Clipper  Manufacturing  Company 

366^68  Gerard  Avenue,       New  York,  U.  S.  A.  The  MOGUL  CLIP.  b..  .i  so  iik  is  c... 


EVERETT. 
McADAM 
Continuous 
Electric 

Blue 
Print 
Machme 


\4'0ST  economical,  least  current,  beet 
contact,  easiest  to  operate,  most  com- 

f>act,  uniform  in  tone,  variable  speed,  noise- 
ess.  Usee  mercur}' vapor  lamps;  nocarbone, 
tracing  cloth  or  celluloid  belts  to  renew. 
Prints  a  mile  long  with  no  straks. 

Aak  for  lid  first  100  aaara 

REVOLUTE  MACHINE  CO. 
527  West  4Sth  St.,      New  York 


THE  LIFE 

of  a  bridge  is  measured  by  its  deflections. 

THE  RICHARD 
Deflection  and  Strain 
RECORDER 


Is  the  most  accurate  and  simply  operated  in- 
strument for  measuring  the  deflections  of  a 
structure  ever  placed  on  the  marlcet. 

Send  for  Circular 

ERNEST  H.  DU  VIVIER 
14  Church  Street  New  York 


THIS  BOOK  IS  INDISPENSABLE 
to  DESIGNERS  and  DRAFTSMEN 

For  it  contains  an  immense  amount  of  matter  on  pipes,  fittings  and  valves,  etc. 
2500  have  been  sold — 3d  edition  ready  soon.  Extra  tables  to  2d  edition  2Sc., 
or  bound  together  for  75c. 


.Ill  K.clillon.  7a<. 


Read  "  DRAFTING,"   the  new  magazine 

Four  DATA  SHEETS  <Mch  month  $100  per  year 

Sent  with  jrt  edition  of  Ijook  (or  $12$ 

THE  INLAND  PUBLISHING  CO.,  Collinwood,  O. 


It  will  Do  Mutually  D?ncflclal  to  Say  Where  You  Saw  the  Advcrllsemcnl. 
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Estimating  the  Cost  of  a  Small  Scotch 
Boiler.  James  Crombie.  Boiler  Mkr — Apr., 
08.  1  fig.  8200  w.  20c.  Gives  an  eitl- 
mate  of  tb«  cost  ot  buUdins  a  42x84<1ii.  ma^ 
line  boiler  eaimMo  of  earr]rln«r  125  11m. 
working  pressure. 

Some  Remarks  on  the  Design,  Coastruc- 
tion  and  Working  of  the  Marine  Boiler. 
Richard  Hirst.  Boiler  Mkr— Apr.,  08. 
8400  W.  20c.  Paper  read  before  the  Mer- 
■er  Foremoft  BoUermakerB'  and  Iron  flUp- 
bvllden*  Awodation,  Liverpool.  EnglMd. 

Navtri  Base,  Firth  of  Forth. 

The  New  Naval  Establishment  at  Rosyth. 
Engg — Mar.  13,  08.  1  flg.  500  w.  40c. 
Gives  a  chart  to  illustrate  the  scheme  pre- 
pared by  the  Works  Department  ot  the  Ad- 


miralty, for  the  establishment  of  a  naval 
base  at  Rosyth.  on  the  Firth  of  Forth. 

Screw  Propellers. 

Model  Propeller  Experiments.  ESngr 
(Lond) — ^Apr.  3,  08.  6  flgs.  3000  w.  40e. 
Describes  experiments  carried  out  by  Prof. 
Flamm»  of  the  Technical  High  School.  Bei" 
lla. 

The  Screw  Propeller.  .\,  E.  Seaton.  Mar 
Engr— Apr.,  08.  3400  w.  40c.  XVII. — 
Namber  of  Bladea. 

Vibrations  on  Board  Ship. 

Vibrations  on  Board  Ship.  Engg — Mar. 
13,  08.  4  f\sv.  1100  w.  40c.  Describes 
apparatus  for  indicating  the  extent  of  vlbrar 
tions  due  to  the  uae  Dt  ezploeion  engliMW  for 
ship  propulsion. 
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AIR  MACHINERY. 
Air  OompreseoTC. 

Atr-Compressor  Plants  for  East  Hlvcr 
Tunnels  of  the  Penusyivanla  Hallway.  A. 
D.  Williams,  Jr.  Engr — Apr.  1,  OS.  3  flgs. 
1600  w.  20c.  Describes  these  plant* 
which  are  the  largest  inBtallatlon^^  <<f  atr^ 
compressing  machinery  for  any  puipoee. 

Corllaa  Inlet  TalTw  <»  Air  Oomprcoaom. 
H.  V.  Conrad.  Power — ^Apr.  14.  08.  4 
flgs.  1100  w.  ZOe.  Gives  simple  dlreo* 
tlons  for  setting,  with  diagrams  illustrating 
the  plain  and  8wlng-|)!ate  forms  of  CorllBS 
alr-valve  drive. 

Steam  Consuiuptiou  in  Air  Compressors. 
Kiigg-Contr — Apr.  8.  08.  400  w.  20c. 
Qlves  tables  showing  the  weight  ot  steam  re> 
quired  to  oompreas  100  en.  tL  of  free  air  to 
various  gage  presanres. 

Air  Drills. 

Lubrication  of  Air  Drills.  Claude  T. 
Rice.    Eng  &  Mitt  Jl— Apr.  11.  08.    S  figa. 

1300  w.  20c. 

Blower,  Impeller  Layout  for. 

Laying  Out  the  Impeller  for  a  Poritive 

Pressure  Pli  ,ver.  W.  S.  Glele.  Castings-^ 
Mar.,  0&.     1  fig.    1100  w.  20c. 

Drying  Appliances. 

Drying  Applianres.  Oscar  Nagel.  Elec- 
trocbem  &  Met  Indus — ^Apr.,  08.  12  flgs. 
1800  w.  40c.  Describes  fan  drying,  rotary 
cylindrical  diyers  and  seyeral  vacuttm  di7« 
ing  systems. 

I'low  of  Gu-scs. 

The  Measurement  of  Gas  Flow  Through 
Thin  Orifices.  A.  O.  Mueller.  Z  V  D  I — 
rob.  22,  08.  8  figs.  5500  w.  60c.  Gives 
oonstructlon  coefficients  for  various  condi- 
tions, by  the  use  of  whJch  the  quantity  of 
gas  flowing  through  their  orifices  may  be 
measured. 


PneomaUc  Tub4-»<. 

Pneumatic  Tubes  for  the  Factory.  Rich- 
ard H.  Llbbey.    Ind  Mag — Mar.,  08.    2  flgs. 

8100  w.  aoc. 

FODHIMNG. 

Core<Ovens. 

Core-Ovens — Their  Styles  and  Sizes.  B. 
D.  Fuller.  Castfngs~Mar.,  08.  1300  w. 
20c.  A  study  of  designs  and  dimensions, 
fuels  and  fluea,  oto. 

Cost  Keeping  in  Foundry  Work. 

Cost  Keeping  in  the  Foundry.  W.  It, 
ChurohlU.    Ir  Age— Mar.  19,  08.    1600  w. 

20c. 

OnpoUi  Practice. 

Charging  Machines  for  Cupolas.  O.  R. 
Brandon.  Ir  Ago — Mar.  19,  08.  6  flgs. 
1300  w.  20c.  From  a  paper  read  before 
the  Pittsburg  Foundrymen's  Assodntloii, 
Mar,  2,  08. 

The  Cupola  Practice  of  the  Foundry.  W. 
S.  Anderson.  Cai^ngs — Mar.,  OS.  2500  W. 
20e.  Paper  read  at  a  meeting  of  the  OIb> 
cinnati  Foundry  Foremon's  Association. 

Slalieiililo  Onstingf). 

Malleable  Cast  Iron.  W.  H.  Hatfield.  Ir 
Age — Ajjr.  2,  OS.  9  flgs.  2200  w.  20c. 
Gives  a  conipariBon  of  "Black  Heart"  and 
old  process  castings.  Abstract  of  paper  read 
before  the  Institution  of  Euglnt^ors  and 
Shipbuilders  in  Scotland,  Mar.  IT.  OS. 

Malleable  Iron  Castings:  Their  Charae* 
teristtcs  and  Annealing.  C.  H.  Gale.  Ind 
Wld— Apr.  13,  08.     2200  vr.  20c 

Manufacture  of  Malleable  Castings  by 
Xpw  Crucible  Process.  K.  C  Ongley.  Ind 
"VVld — Apr.  1.3.  08.  1800  w.  20c.  De- 
scribes process  for  producing  i.iK  ir  metal 
tnd  castings  by  melting  wrought  Iron  with 
carbon.  0.05  to  2.25  per  cent.,  in  crucibles 
placed  In  a  furnace  of  special  construction 
with  natural  or  forced  draft 
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In  JPr€9M 

THE  DESIGN  of  HIGHWAY  BRIDGES 

AND  THE 

Calculation  of  Stresses  in  Bridge  Trusses 

By  MILO  S.  KETCHUM,  M.  Am.  Soc  C.  E. 

Dman  of  Collmgm  of  Engineering  and  Professor  of  Cioil  Enginewingg 

uni9eraity  of  Colorado 

Author  of  "SeMf  ma  SuikHng^  and  "WoOm,  Bbm  and  GrainEhoator^ 

CMttt9x9lnAm.     300  figares  in  the  text,  SO  Ublss  and  8  folding  pUte*.     Printod  aad  Wnd 
o^fom  %rilh  "Staal  MiU  BoiMinca  "mad"  Walls  Biaa." 

TABLE  OF  CONTENTS 
Stresses  in  Truss  Bridges 
Chapter  I. — Types  of  Truss  Bridfjes. 
Chapter  IL — Loads  and  Weights  of  Bridges. 
Chapter  III.— Methods  for  the  Calculation  of  Stresses  in  Framed 

Stnictures.  I 
Chapter  IV. — Stresses  in  Beams. 

Chapter  V. — Stresses  in  Htfirhway  Bridge  Tnisses.  . 

Chapter  V'l. — Stresses  in  Railway  Hridtje  Trusses.  ' 

Chapter  VIL — Stresses  in  Portals  and  Lateral  Systems. 

Chapter  VIII.— Stresses  in  Pins,  Combined  and  Eccentric  Stresses, 

Stresses  in  Rollers.  Deflection  of  Trusses,  Camber,  etc. 
Chapter  IX. — The  Solutions  of  24  Problems  in  the  Calculation  of 

Stresses  in  Bridge  Trusses. 

The  Design  of  Highway  Bridges' 
Chapter  X. — The  Design  of  Short  Span  Stee!  Bridg-es. 
Chapter  XI. — ^The  Design  of  Hi^h  Truss  Steel  Brieves. 
Chapter  XII.— The  Design  of  Plate  Girder  Bridges. 
Chapter  XITl. — The  Hesi^'n  of  Truss  Members. 
Chapter  XIV . — The  Details  ot  Highway  Bridge  Members. 
Chapter  XV. — ^The  Design  of  Abutments  and  Piers. 

Chapter  XVI. — Stresses  in  Masonry  Arches.  j 

Chapter  XVII. — Design  of  Masonry  Bridges  aiad  Culverts. 

Chapter  XVIII.— The  Design  of  Timber  and  Combination  Bridges.  j 

Chapter  XIX. — The  Rrection  of  Hif,'^lnvay  Bridges.  ; 
Chapter  XX. — Estimates  and  Cost  oi  Higfhway  Bridges.  1 

Hu;n\v,\v  Bridge  Det.\ils 

Chapter  XXI.— Estimate  of  the  Weight  of  a  i6o  ft.  Span  Steel  Pin- 
Connected  Highway  Bridge. 

Chapter  XXII. — Calculation  of  the  Efficiencies  of  the  .Members  of  a 
160  ft.  Span  Steel  Pin-Connected  Highway  Bridge. 

Appendix  I.— General  Specifications  for  Steel  Highway  Bridges. 

The  Engineering  News  fiook  Department*  220  Broadway*  New  York 
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production  of  Malleable  CflfltinKS.  -III. 
Richard  Moldeuke.  Fdry-  Ai)r.,  OS.  1  fig. 
23011  w.  IMH".  Dlscnyses  the  methods  o{ 
makin;;  tests  o(  inalleablea  and  their  IBH- 
provoLiiouc  aud  deterloratioa  iu  (quality. 

MoliUng  >Ic-tho(lH. 

Molding  a  Cast-Steel  Clam-Sholl  Bucket. 

H.  J.  McCasUn.    Fdcy — ^Apr.,  OS.    10  flga. 

I.  000  w.  SOe. 

Molding  a  Heavy  Pipe  Without  a  Pattern. 
W.  W.  McCarter.    Southern  Machy — ^Apr., 

08.     7  figs.     2500  w.  20e. 

Molding  a  Large  Engine  Frame.  Paul  R. 
Ramp.  Fdry — Apr.,  08.  7  flga.  1000  w. 
20c.  DflMTlbes  the  method  uaod  in  mftklss 
*  tO-ton  casting  in  a  Western  fomidrrt  ud  ■ 

the  use  of  cope  plates. 

Molding  Drums  for  Hoisting  Engines. 
Joseph  P.  Hart.  Am  Mach — Mar  i,',  OS. 
14  flgs.  1000  w.  20c.  Describes  and  lllus- 
tratee  the  sweeps,  bars,  anchors,  spiders, 
core  boxes,  etc.,  used  in  sweeping  and  buUd- 
tng  tbM  mtMB  In  gre«n  land  or  loam. 

Ornamental  Iron  Ca^ting<4. 

Ornamental  Gray  Iron  CaBtlngs.  H.  Cole 
Bstep.  Fdry— Apr.,  OS.  8  flgB.  2600  W. 
SOc  Gives  details  of  practice  followed  in  n 
Bsw  plant  in  mmiMpolia,  man. 

Pnltema,  Harking  and  SUirac*  fll. 

The  Marking  and  Storing  of  Pattenn. 
John  J.  Jaekaon.  Castings — ^Mar.,  08.  8 

figs.  2000  w.  20c.  Suggests  a  system  of 
symbols  for  yielding  a  practical  and  auffl' 
dent  classlflcatioD  of  live  and  obaolota  draw« 
ings.  patterns  and  castings. 

St^l  Castings. 

Converter  vs.  Small  Open-Hearth. — IV. 
W.  M.  Carr.  Fdry — Apr..  08.  1000  w. 
SOc  Discusses  the  disadvantages  of  the 
open-hearth  furnace  for  steel  casting  plants. 

The  Annealing  of  Steel  Castings.  E.  H. 
Oebler.  Fdry— Apr.,  08.  4  figs  900  w. 
20c.  Gives  results  of  the  heat  treatment 
of  cast  steel  from  the  ezperl«iee  of  a  prac- 
tical steelmaker. 

Vanadium  in  Foundry  Work. 

The  Practical  Application  of  Vanadium  to 
Steel  and  Iron.  J.  Kent  Smith.  Ir  Tr  Rev 
— ^Apr.  2.  08.    1  flg.    2800  w.  SOc. 

Vati.idiuni  in  Rte«'l  Castings.  K.  F.  I^ake. 
Am  Miirti— Apr.  2.  08.  1600  w.  20r.  Dl^- 
cus.si's  tln^  properties  C(Htft  rr<  d  on  stee]  cast- 
ings by  the  addition  of  vanadium,  together 
with  eome  of  the  teata  mada,  etc. 

HEATRVO  AITD  YENTUjATKiN. 

Boiler  Settings,  Testa  of. 

Comparative  Tests  of  Tubular  Poller  Srf 
tings  for  Chicago  I'ublic  Schools.    Heat  & 
Vent  Mag — Mar.,  08.    2(00  w.  SOe. 

Bof-nia'.t  Heating. 

An  Anemometer  and  Wind  Dlrpction  Imli- 
oator.  Eng  Rec — Apr.  11.  OS  1  fit;. 
1200    w.    20c.    D^cribes    the  apparatus 

HAT, 


u&ed  in  the  Hotel  St.  Regis,  New  York  City, 
which  is  heated  throughout  by  the  indirect 
fau-blasi  b>i>leui.  lor  adjusting  the  tempera- 
ture of  the  air  deliveries  and  the  propor- 
tions of  the  aupply  volumes  to  the  different 
Bldea  of  the  vulous  floors,  so  as  to  equalize 
aa  nearly  aa  poaalble  the  heating  effect  la 
all  parte  of  each  floor. 

Size  of  Drip  Mains  for  Hot  Blast  Heaters. 
(Table.)  Charles  W.  Fortune.  Dom  Engg. 
—Apr.  11.  08.  SOc 

Hot-Blast  Heating.  Charles  L.  HuLbard. 
Dom  Engg — Mar.  14,  08.  3  llgs.  1200  w. 
20e.  ZZIIL-— Tamperatnre  Control. 

Hot-Water  Heating. 

The  Calculation  of  Piping  Systems  foa 
Hot-Water  Heating  Plants.  Gesund  lag—' 
Mar.  14.  08.    7  figs.    4400  W.  40c 

Hot-Water  Sopplj. 

Hot  Water  tor  DomeeUo  Uae.    (II  *  IIL> 

John  K.  Allen.  Dom  Engg — Mar.  21,  08» 
1  fig.  1400  w.  Apr.  4.  1  flg.  1000  w. 
Badi  SOe. 

House-Heatlng  Plants. 

Summer  Care  of  Heating  Planta.  Dom 
Bngg — Apr.  4,  08.    1800  w.  SOc 

Testing  Cast-Iron  House-Heating  Eni^ers. 
"Wm.  Kent.  Heat  &  Vent  .Mag — Mar.,  OS. 
2400  -w.  20c.  Paper  read  Jan.  22,  08.  be?- 
fore  the  Am.  Soc  Heat  A  Vent.  Engineers. 

Steam  Heating. 

Back  Pressures  In  a  Factory  Heating; 
Plant.  John  C.  White.  Power — Apr.  14, 
08.  1  fin  S'lOft  w.  20e.  Shows  that  in- 
creasing the  back  pressure  adds  little  to  thfr 

heating  capacity  of  the  plant,  while  It  aerl- 
onalT  rOdttoea  Ita  eAdanc^. 

Modern  Steam  Heating  Illustrated.  B.  P. 

Taher     Dom    Engg — Mar.    21,    08.  1  flg. 

11 '10  w.     Apr.  4.      1  flg.      900  w.  Eacl* 

20c.  II. — The  two-pipe  syatem.  lU.— 
Baiement  arrangementa. 

VentllaUon. 

Fmrel  Ventilation  in  Buildings.  K.  Brab- 
ble. Z  V  D  1— Feb.  28.  08.  7  flga.  6500 
w.  60c. 

Heating  and  Vrritllation  of  the  Madison 
Square  Presbyterian  Church.  New  York. 
Eng  Rec — Mar.  14,  08.    6  llga.   5200  w* 

20c. 

The  Operation  of  a  Modem  Heating  and 

Ventilating  System.  Heat  &  Vent  Mag — • 
Mar..  08.  .1  figs.  5200  w.  20c.  Gives  In- 
formation i>nd  irjstrurtinns  on  Ihp  heating 
and  veniiUir iur,  of  (he  New  York  City  Pub- 
lic School!!,  as  published  hy  the  Nav  Tork 
City  Board  of  Education. 

Warming  and  Ventilation.  W.  H.  Cas- 
mey.  Heat  &  Vent  Mag — Mar..  OS.  7400 
w.  2ftc.  From  a  prixe  paper  read  at  the 
Feb  .  OS.  m.v  ting  of  the  British  InstitutlOB 
of  Healing  and  Ventilating  Engineers. 

lOOS. 
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Wooden  Tanks 

ANY  SIZE  OR  SHAPE 

STEEL  TOWERS 

A>V  IIKI(;IIT 

Manufactured  hj 

THE  BALTIMORE 
COOPERAGE  CO. 
Leadholm  Street       Baltimore.  Md. 
Catalogue 


Rife  Hydraulic 
Ram 


Pumpa  Water  by 
Water  Power 

Town  Water  Works 

Railroad  Tanks   Country  Homes  Irrigation  Greenhouses 
No  Attention    No  Expense    Runs  Continuously 

0|vf  aling  uoJm  '8  incbrt  lo  SO  feel  1*11.  FJe«*lea  water  30 
Iwl  each  fool  o(  fall.  6.000  in  tucceaitul  operalioB.  Sold  oo  30 
da)r>' trial.    Catalog  and  atimalc  free. 

RIFE  HYDRAULIC  RAM  COMPANY 

2160  Trinily  Buildin*  NEW  YORK 


THIS  CUT  shows  the  only  double  pump  Hydraulic  Jack  of 
this  form  on  the  market.    This  Jack  is  operated  in  the  usii^il 
way,  exceptinfT  that,  when  both  pumps  are  used,  the  valve 
handle  must  be  turned  to  the  left :  when  one  pump  only  is 
used,  it  must  be  turned  straight  downward.    The  lowering  is  done 
by  turning  the  valve  handle  to  the  right  or  by  using  the  lever  in 
the  ordinary  maimer. 

RICHARD  DUDGEON 

Itiiftilor,  Pntftitrr  nnd  On(jinal  Manufnrturrr  of  the  Hydraulic  Jack, 
BKOOMK  AND  COLUMBI.V   STKF.ETS        ::        N  K  W  YOKK 


JESSOP'S  STEEL 


Wm.  Jessop  &  Sons,  Ltd. 

MANUFACTORY.  SHEFFIELD,  ENGLAND 

Chief  American   Office     91    John  Street 
New  York,  N.  Y. 

A  HINT 

When  you  write  advertisers  in 
THE  ENGINEERING  DIGEST 
don't  fail  to  say  where  you 
saw  the  advertisement.  This 
courtesy  will  be  appreciated 
by  us  and  will  tend  to  improve 
the  magazine. 

It  win  Bo  Mutually  Beoe&clal  to  Say 


To  Secure  Good 
Results 
Buy  It 
For  T00I5 
Mining  Drills,  etc 


ARE  YOU  INTERESTED  IN 

CAS  ENGINES? 

Then  you  will  want  tho  OU  tmco  pamphlot  cntltl«i| 

**Some  Notes  on  Gas  Engines" 

Uv  Hr.iiMA.N  in i:i'Miu  11^.  I'p'f'-Hwr  of  Exi-i-rl- 
luprital  Enulin-orltii:.  CfTm  ll  r  iilvontlty. 
Sabjecta  Treated:  Oft*  KiiKino  t'jvl.B  Th.lr  Ihcorrtl- 
cal  tli.Tiual  i  nicl.-tic'i.'H  ttml  i>rai-il<-»l  llmltnilotm.  Kixir 
Cyi'lc  v».  TwKCy.'li'  KhkIh''"-  MnttrrM  cf  1><>hIi;u  unil  tbo 
rrllicl|i«l  UlnixunloUB.  Mt'Hio'lM  <if  U«<i:ulntloii.  Alt-oliol 
n*  a  Kuol.    Bnnl  iiostpHlJ  on  rwrliit  of  i.rlc««.  78C.,  '"y 

The  Sibley  Journal  of  Engineering 

ITHACA.       NEW  YORK 
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HOfiBiniro  Aim  haiidumo  MJumnam. 

OWUewaj-.H,  Cranes,  Conveyors. 

Hoisting  Machinery  for  ibe  Handliog  ot 
Materials.  T.  Kennard  Thomson.  Eng 
Mag— Apr..  OS.  24  flgs.  2700  w.  40e. 
II. — CnwM,  oabtowsys  and  transportlns  ooa- 

veyors. 

A  140-Ton  Floating  Crane.  W.  K&em- 
merer.  Z  V  D  1 — ^Feb.  22,  08.  II  flgs. 
1804  w.  HOe. 

Plve-Tbn    Electric    Overhead  Traveling 
Jlb-Crane.     Engg — Mar.    20,    08.     1  fig. 
.  1700  W.  40c. 

Forty-Ton  Revolving  Crane.  M.  Lom- 
bard. Grille  Civil — Mar.  11,  OS.  9  fl^s. 
20  00  w.  60c.  Describes  the  principal 
features  of  a  new  InatallatloB  at  Uie  port  Of 
Ia  Rochelle — Pallice.  France. 

The  Storage  Warehouse  of  the  Sonth  Ger* 
man  Danube  Navigation  Co.  R.  Duh.  Z  V 
D  1 — Mar.  7,  OS.  20  flgs.  2500  w.  60c. 
Describes  the  revolving  and  traveUag  cranes 
used. 
Elevators. 

Electric  Lifts.  EUeo  Engg— Mar.  18,  08. 
2800  w.    40e.    lUsumd  of  a  paper  read 

Mar.  11  by  H.  D.  Wilkinson  before  the  AlMH 
elation  of  Engiueers-ln-Charge. 

The  Hlgh-PresMi:  Hydraulic  Elevator. 
Wm.  Baxter.  Jr.  Power — Mar.  2  4,  0  8.  3 
figs.  1700  w.  Apr.  7.  3  flgs.  1  200  W. 
Apr.  14.  5  flgs.  1400  w.  Each  20c. 
Mar.  24:  Construction  and  operation  of  the 
Otis  vertical  elevator.  Including  pumps  and 
aocumnlator.  Apr.  7:  Main  and  pilot 
valvee  of  Otis  elevator,  and  the  eleotrical 
control.  Apr.  14:  Valve  modifications  ne- 
cessitated by  use  of  magnets:  construction 
and  operation  of  accumulators  for  high- 
pressure  work. 

The  Hydraulic  Elevator.  WJlliaTn  Baxter, 
Jr.  Power — Mar.  17,08.  '>  figs.  H»00  w. 
20e.  Discusses  features  of  th<-  .MorBe  &  WIU- 
laow  palling  machlno;  why  it  iias  no  pilot 
valve;  eonstmctlon  of  the  carrier  rollers  luid 
piston;  lubrication,  etc. 
Bsealatora. 

Escalators.  (.6nle  Civil — Mar.  21.  08.  8 
fi;;s.  800  w.  COc.  DesiTlbos  a  inmiber  Ot 
moving  stairway  systems  now  in  \ise. 

Ore  nattdUng. 

Methods  of  Handling  Ore  on  the  Great 
Lakps.  Charles  H,  Wright.  Mln  Wld— 
A?  I  10  figs.    1000  w.  20c 

fipirni  Conveyor. 

Tlio  ri[il  !cni  of  tilt'  Sjiir.-il  Conveyor.  F. 
Webster.  Machv — Apr..  08.  .=»  tigs.  120rt 
w.  40c.  Desorlbey  niPtbod  for  laying  <>ut 
th«*  pattern  for  the  flights,  which  are 
punched  from  sheet-metal. 

WiodliiR  Marliinrry. 

Dense-Air  WindlnK-Engine  for  the  Con- 
Hdlldatofl.  flold-Flclds  of  South  Africa. 
EnRK— Mar.        ftS.     3900  w.  40c. 

WlndlMK-Roites.  Safety-Catches,  and  Ap» 
pllances  in  Mine-Sbafts.  li^ogg — Mar.  18, 
08.    6  flgs.    2800  w.    40c.  Concluded. 


HTDRAITIilO  POWER  FIiAinDB. 

Centrifugal  IMunps. 

High- Pressure  Centrifugal  Pumps.  D. 
Banki.  Zeit  Oest  Ing  u  Arch — FOb.  88,  08. 
29  flgs.    l&OO  w.  80c. 

The  Action  of  Centrifugal  Pumps  and 

Fans.  It.  Biel.  Z  V  D  1— .Mar.  21,  08.  28 
tigs.  GOOO  w.  .Mar.  2  8.  fiSOO  W.  Bach 
60c.  Gives  a  brief  statement  of  the  theory 
of  their  acituu  and  results  obtained  from  a 
number  of  tests. 

The  Eflldencar  of  Centrifugal  Pnmpa. 
Tech  Sanlt— Mar.,  08.  6  flgs.  8600  w. 
8  Do.   Ahstract  from  a  dtanisalflii  of  tk* 

points  to  be  observed  In  attaining  mazlmsUBi 

emoient  y;  read  before  the  CoDgreiB  Of  Btt- 

giueers  of  the  Lower  Rhine. 

Flow  of  Water,  MeasnraBen*  of. 

Deternilnatton  of  the  Voluicc  of  Water 
Flowing  in  a  Stream.  F.  M.  Berlm.  Power 
— Apr.  11,  (IS.     2  figs.     1100  w.     2 Or. 

Notes  on  the  Measurement  ot  Flowing 
Water.  Ernest  W.  Schoder.  Cornell  Civ 
Bngr — ^Mar.,  08.  7  figs.  3000  w.  40& 
Reviews  some  of  the  available  methods  of 
measurement  in  order  to  bring  out  e^^rtatn 
obscure  points,  as  well  as  to  look  Into  the 
matter  of  the  desirable  degrees  of  accuracy 
for  different  cases  and  also  the  accuracy 
practically  attainable. 

Hydro-Elcctrlc  1*1ant8. 

A  Hydro-Electric  Development  In  Utah. 
Eng  Rec — Mar.  14,  <is  4  flgs.  :i4  00  w. 
20c.  Describes  the  Battle  Creek  plant  of 
the  Tellurlde  Power  Co.,  near  Provo. 

Construction  Features  of  the  Hydro-Elec- 
trlc  Plant  of  the  Rockingham,  N.  C,  Power 
Co.  J.  8.  Vlehe.  Eng  Reo— Apr.  4,  08.  6 
flgs.    2800  w.  40c. 

Hydraulic  and  Electrical  Works  of  the 
Lewlston-Clarkston  Co,,  Clarkston,  Wash.  Ry 
&  Engg  Rev — Mar.  14,  os.  7  flgs.  800  w. 
20c.  Describes  this  recently  completed 
tenslve  engineering  work  In  hydro-elect rlc 
plants,  dam  aud  pipe-line  conatruction.  for 
purposes  of  power  development.  Irrigatioa 
and  for  municipal  use. 

Power  Development  at  Priest  Rapids  on 
the  Columbia  River.  Ore.  C.  L.  Creelman. 
Eng  Rec — Apr.  4.  OR.  2  flgs.  900  w, 
40e.  Iiesrrlbo.H  work  consisting  of  a  canal, 
an  embankment  about  2  miles  loiii;.  n  i>ower 
house  with  a  present  capacity  of  2,r,00  HP. 
with  arrangements  for  an  additional  5.000 
HP.,  a  dam.  4r>0  ft.  long,  across  the  channel 
just  below  the  diversion  point,  and  a  arstem 
of  gates  In  the  canal  mldwar  between  the 
Intake  and  power  honae. 

IVnstock. 

penstock  with  Rein  forced-Concrete  Lining 
at  the  Northern  Aluminum  Works,  Shawini- 
gan  Fells.    Eng  Reo — Apr.  4,  08.    8  flgs. 

4000  w.  40c. 

power  Ctists  in  Ontario. 

The  Cost  of  Power  In  (Int.Trlo.  Can  Mfr 
— Apr.  3,  08.  6000  w.  20c.  ExtracU 
from  the  report  by  the  Hrdro-Blectrlc  PoiAr 


MAT,  IMS. 
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COMPRESSED 
AIR 

The  final  authority  on  Pneu- 
matics ;  edited  by  experts ; 
addressed  to  practical  men. 

Are  You 

An  Engineer? 
An  Architect? 
A  Contractor  ? 
A  Manufacturer? 
A  Railroad  Man? 
A  Mine  Manager? 
A  Coal  Operator? 
A  Foundryman  ? 
A  Quarryman  ? 

Everything  relating  to  compressed 
air  practise  from  all  over  the  world 
will  be  placed  before  you  monthly 
if  you  are  a  subscriber  to 

Compressed  Air. 

A  new  volume — No.  I  3 — begins  with 
January,  1908.  Subscribe  now  and  get 
the  complete  volume  for  the  year. 

$1.00  per  year — U.S.  and  Mexico 
$1.50  per  year — Canada  and  abroad 

Sample  copy  on  request 

Compressed  Air 

Bowling  Green  Bldg.,  New  York 
EASTON,  PA. 


Smooth  Talks 

ON 

Rough  Files 

TALK  No.  2 


WORKMANSHIP 

This  comes  after  quality.  We  first 
stock  up  with  the  best  Crucible  Steel 
obtainable.  Expert  File  Makers  de- 
serve only  the  best  material.  It  is  the 
combination  of  these  two  that  makes 
Delta  Files  second  to  none.  You 
will  find  machinery  in  our  plant  of  a 
type  that  cannot  be  found  in  any  other 


DELTA 

file  plant  in  the  world.  Machinery  that 
turns  out  the  file  with  the  deepest  cut. 
We  spare  no  trouble  or  expense  in 
preparing  for  you  a  file  that  will  cut 
quicker  and  last  longer  than  any  other 
file.  It  cuts  into  everything  but  your 
pocket  book  and  there  it  saves  money. 
Both  labor  and  money  saving  satis- 
faction go  with  every  sale  of  a  Delta 
F'ile.  If  your  dealer  will  not  supply 
you,  write  us  and  we  will  give  you 
the  name  of  one  that  will. 


DELTA  FILE  WORKS 

CARVER  FILE  COMPANY 
3  2  3  0   Frankford  Avenue 

PHILADELPHIA 


It  win  Be  Mutually  Beneliclul  to  Say  Where  You  Saw  the  Advertisement. 
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Commission  of  Ontariu  on  the  cost  of  power 
jirod action  through  the  aKenoy  of  producer 
pas  plantH  and  othor  prime  movers  under 
the  condltioDB  obtainiog  In  tbe  Province  of 
OnUrto. 

PiimpinR  Machinery. 

Modem  Hydraulic  Machlnerjr.  Carl  Wig- 
tel.    Cue  Hag — Apr.,  OS.    16  flgo.  17aO 

w.  40c.  Describes  recent  pumps,  aocumu*' 
lators  and  pressure-generating  apparatus. 

Modern  Pumping  ami  Hydraulic  Ma- 
chinery. Edward  Buller.  Mech  Engr— 
Mar.  20.  OS.  .J  flgs.  4200  w.  i9e. 
XXXI. — Variable  delivery  pumps. 

A  Htgh-Head  Reaction  Tnrblne  Installao 
tion.  Eng  Rec — Mar.  21.  08.  3  Arh.  2f!00 
w.  20c.  Describes  a  9.700-HP.  hydraulic 
reaction  turl)ine  at  Centerville,  Cal..  de- 
signed to  operate  under  an  effective  liead  of 
660  ft 

lNTKIlNAIi4X»MBlj8TEON  BNGIKBS. 

OriotUnpter,  Gas> 

A  Simple  Continuous  Gas  Calorimeter. 
Prof.  C.  E.  Lucke.  Proc  Am  Soc  Mech  Engr 
— Apr..  OS  Ci  figs.  3000  w.  80c.  Paper 
presented  at  the  first  meeting  of  the  Gas 
Power  Section  of  the  A.  S.  M.  E.,  Feb.  11.  08. 
Describes  an  arrangement  of  Junkers'  ap> 
pamtus. 

OombwUon* 

Conibostion  In  Gas  Engines.    Z  V  D  I— 

Apr.  4.  08.  14  figs.  7500  w.  60c.  Olves 
results  of  experiments  carried  out  Ot  tlM 
Technical  High  School,  Dantzig. 

Gas-engine  Research  at  Birmingham  Uni- 
versity w.  H.  Booth,  Power — Mar  24.  08. 
•JH  II  \v  20c.  A  critical  rteum6  of  Prof. 
Bur»ull's  recent  report  to  tbe  Institution  of 
Mecbanlcai  Engftieers. 

Cost  of  Gas  Power. 

The  Approximate  Cost  of  Gas  Power.  M. 
P.  Cleghorn.  Powier — Apr.  7.  08.  1«  figs. 
1300  w.  20c.  Gives  (urvrs  showing  com- 
putation of  continuous  expenses,  rust  ot 
ja<  k<  water,  fixed  dbarges  and  relative  con- 
tinuous costs. 

tiiiH  Kngincs,  Design  and  Tc>stlnK  of. 

Hlgh-I'ower  Gas  I^nglnes  for  Mining 
Service.  Frank  C.  Perkins.  Min  Wld^ 
Apr.  4.  08.    2  flgs.    TOO  w.  20c. 

standard  Designs  and  Construction  of 
Lar^e  Gas  Engines.  —  1.  F.  K.  Jnnge.  Ir 
Tr  Kev  Mar.  2fi.  08.  C  fljrs.  .TlOO  w. 
2()c.  Discusses  economy,  combustion,  cycles, 
governing  arrangement  and  accessibility  of 
p.irts.  engine  frames,  ofc. 

Test  of  a  Small  ir,-iip.  Suction  Gas  Pro- 
ducer Plant.    Eng  Rec — Mar.  28,  08.  1500 

w.  Jttc 

The  r<  >tlnK  oi  Somali  Gas  EiikIucs.  Pract 

KtiuT  (l-ond.i    Mar.  i;!.  O.S.     I'.OOw.  40c. 

(•iveti  inHt ructions  for  carrying  out  such 
tests. 


Gas  Producers. 

Gas  Producers  for  Lean  Gas.  M. 
Letombe.  Mem.  Soc.  Ing.  Civ.,  France. 
60.000  w.  14  figs.  $1.20.  Extended  dis- 
cussion on  gas  producers  used  for  drfvlBg 
gas  motors  as  well  as  for  lndu.strial  furnaces. 

Nuw  Gas  Producer  Dulhling,  I'ennsylva- 
nia  Steel  Works.  Kng  Rec- -.Mar.  21,  08. 
7  figs.  2.")  (I  II  w.  2  0c.  Describes  u  pro- 
ducer house  with  a  capacity  of  :i:jniit  1,4C0,- 
000  cu.  ft.  per  hour  for  supplying  five  new 
75'ton  open^bearth  ateel  funuuMS. 

Gas  Turbine. 

Recent  Developments  in  tbe  Gas  Turbine. 
Alfred  B«rb««at  Cos*  SUg-nApr..  08.  S 
flgs.  1700  w.  40c  Describes  tbe  «d- 
▼aoces  made  In  the  past  year. 

Ouafanteesv  of  Bnglnco  and  Prodneeia. 

Gas  Engine  and  Producer  Guarantees. 
Prof.  C.  E.  t.uoke  I'roc  ASM  E — Apr., 
es.  ;!(joii  \v.  .sue.  Paper  presented  at  the 
first  meeting  of  the  Gas  Power  Section  of 
the  A.  S.  M.  E.,  Feb.  11,  08.  Gives  many 
forms  of  guarantees,  clipped  from  some  old 
contracts,  to  direct  attention  to  the  need  for 
an  accepted  mode  of  procedure  and  inter> 
pretatloQ  of  terms. 

Heatliw  Valve  of  Owes. 

Computatior  of  IToatlnR  Value  of  Gases, 
li.  B.  MacFarlaod.  Gas  Power — Mar.,  08. 
8S00  w.  20e. 


MACHINE  PAltTS. 

Belting. 

Power  Losses  In  HIgb-Speed  Belts.  A.  B. 
Dickinson.  Am  Maeb — ^Apr.  2.  08.  800  w. 
20c. 

The  Design  of  Belt  Drives. — I.  George  P. 
Pearte.       .Southern  MkCby — ApT..    08.  4 

figs.     :!.'>!» I'  w,  2'ic, 

Cnwa>lleuils,  «\>nnecting-f{ods,  etc. 

Machine  Elements.  C.  Volk.  Z  V  D  I — 
Mar.  28.  08.  63  flgs.  2800  w.  60e. 
Gives  numerous  sketcbes  of  rarloue  forma 
of  cross-heads,  cross-head  pins,  connecUBg- 
rod  ends  and  brasses,  nut  loclis,  etc 

Stub-Tooth  Gears. 

The  Stub- Tooth  Gear.  Aiachy — Apr..  0  3. 
7  tigs.  1  300  w.  40c.  From  a  pamphlet 
IMil'livlied  by  the  Fellows  (;<^.ir  Sliaper  Ct).. 
Springtleld.  Vt.  niscusses  the  advantages 
of  the  "Btub-tooth"  gear,  a  form  of  short- 
ened and  strengthened  Involute  tooth  cut 
with  stub-tooth  cutters. 

MATERIALS. 

Alloys  for  Bearings. 

A  New  Bearing  Metal.  Lothar  Sempell. 
Power — Mar.  24.  08.  1  fig.  1700  w.  20c. 
GIvt  (ii  r  ills  retfnrdlng  an  alumiiuim-copi)er 
alloy  havint;  better  wearing  iiroperties  than 
a  certain  hiKhly  regarded  tln-antlmony-rnp- 
per  white  metal  and  costing  but  one-sixth  as 
much. 


MAY.  1IM6. 
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GnadianMachinery 

MANUFACTURING  NEW5-^ 

Circulates  in  every  province  of  the  Dominion. 

flRead  by  Proprietors,  Managers,  Superintendents,  Foremen 
and  Engineers  of  Manufacturing  and  other  Industrial  Estab- 
lishments, 

— men  who  must  b€  consulted  when  machinery,  power  equipment 
and  supplies,  and  foundry  equipment  are  to  be  bought. 

flis  the  most  influential  and  widely  read  industrial  paper  of 
Canada. 

flTo  have  your  campaign  cover  this  important  market,  include 
CANADIAN  MACHINERY 

Post  card  will  bring  sample  copy  and  rates. 

THE  MacLEAN  PUBLISHING  COMPANY,  Limited 
MootrMki  Toronto  Wiiu>ip«s 


WORKS  OF 
HALBERT  POWERS 

G I LLETTE 

The  Authority  on  Contract  Costs 


HANDBOOK  OF  COST  DATA 

Fllloil  with  riiiurrnanil  rocto  that  sro  Invaluilble 
U>  nnjrrinn  lnt<«r><nt«'<l  In  o<>nir(i''t  w«irk  or  ontidirur. 
Hon  u(  nny  klml  Klr^xlttlx  l<vath(>r.  Kilt  o<Ik(>m.  ht2 
|>aK**8.  IIIUMtratpil ;  S4.01*  net  |K)Bt{»ald. 

ROCK  EXCAVATION-Methods  and  Cost 

Cliitli.  Ti I  7  In.,  '.ini  |>HKi>i<.  'i>)  flguroM  aoU  II- 
lUMtrntlODA;  $j.lX)  uot  pOMtpnitl. 

EARTHWORK— And  its  Cost 

Cloth.  r>  z  7h  In..  2<lo  iMiefw,  I>i)  nguroa  arnl  II- 
luntrBllouH:  S2.<H>n<>t  pont{>oUI. 

ECONOMICS  OF  ROAD  CONSTRUCTION 

A  nionoin'aph  on  oarth,  mncmlitni  and  tolfnri 
rfMMU— how  to  ronatruci  th«ni  and  kr«>i>  tborii  In 
ropalr.  Oloth.  0  x  !•  In..  4ti  |>aK««.  u  llluntratluni! . 
$l.o<i  not  (Mwtpniil.^ 

Engineering  News  Book  Department 

220  Broadway,  New  York 


It  \Vi;i  Be  Mutiiallv  Bcnonclal  to  Say  Where  You  Snw  ihf  AUvtrilsomcnt. 


Third 
Eldition 

(1908) 


Mechanical  Encineerinc 


Samcs 


Reriied 
and 

Eolargad 


4z6S  iat. 

2|lp4fl(i 

41  figura 


Rezible 

Morocco 


$2.00  poMiMud 


A  0rm«r  vuielr  of  MecKaaical  tad  Electrical  Engiaeering 
Problem*  can  be  •olved  with  the  aid  oi  lhi<  book  ikao  with  thai  oi 
aay  other  liagle  volume  printed  in  Engiiah. 

Itneriptirr  nrrutar  on  rt'tuat. 


Charles  M. 

J44  BRAMHAI.L  AVE. 


Sames 

JERSEY  CITY.  N.  J 
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History  and  DeTelopment  of  Alloy*  for 
Railroad  Bearings.  Q.  H.  Olamer.  Can 
Maehjr — ^Apr.,  08.  8000  w.  20c.  Pre- 
sented at  the  annual  meeting  of  the  Ameri- 
can Society  for  Testing  Materials.  Dis- 
cusses influences  causing  the  development, 
giving  records  of  experiments  performed  by 
several  investlgal  irs  and  tlM  OOnpOlltlon  Oi 
many  standard  alloys. 

The  Manufacture  of  Ingot  Brass.  Mech 
Bngr — ^Bfar.  IS,  08.  2100  w.  40e.  Be* 
print  of  an  artlda  In  **Tli«  Bran  Woild.*' 

White  Brass  and  While  Bronze.  Cast- 
ings— Mar.,  08.  1200  w.  30c.  Gives  com- 
parisons of  various  new  and  old  formulas, 
some  recent  tests  of  alloys,  and  a  surrey  of 
UmIv  use. 

Oast  Iron«  Growth  of. 

The  Growth  of  Cast  Iron  by  Heating.  A. 
E.  Outerbrldge.    Am  Mad» — ^Har.  10*  OS, 

1200  w.    20c.  . 

Hardness  Tester  for  Iron  and  Steel. 

The  Schuchardt  &  Schiitte  Steel  Hardness 
Tester.  Ir  Age — ^Apr.  'J,  OS.  5  figs.  3000 
W.  20c.  Describes  an  electro-magnetic  in- 
Btrument  for  determining  carbon  content* 
hardneai,  ete.,  of  Iron  and  steeL 

Imbrl  cants. 

Tbe  Cbemlcal  and  Physical  Testing  of 
IinbTioantB.<~^.  J.  J.  Uorgan.  Praet  Bngr 
(Lond.)-'Har.  20,  08.    2  flga.    2400  v. 

40c 

Blecl. 

The  Effect  of  Work  and  Time  on  the  Prop- 
erties of  Mild  Steel  and  Iron.    John  H. 

Heck.  Boiler  Mkr — Apr..  08.  4  figs. 
3100  w.  2ac.  Paper  read  before  the  North- 
east Coast  Institute  of  Engineers  and  Ship- 
builders, at  Newcastle-upon-Tyne,  England, 
Not.  29,  07. 

MBOHAinOAIi  DBAFTDTQ. 

Large  ]>rswing8. 

Making  Six  by  Ten-Foot  Drawings.  H.  F. 
Noyes.    Am  Madi — ^Uar.  19,  08.    1  Jig. 

600  w.  20c. 

Perspective. 

Perspective.  S.  M.  Turrill.  Cornell  Civ 
Engr — Mar.,  08.  7  figs.  6500  v.  400. 
Gives  definitions  and  works  out  lllmtratlTe 
problems  In  parallel  and  aafttlar  penqpee- 
tlve,  the  perspective  of  curvee  and  of 
■hadowa. 

MKCHANICS. 
Helicni  Governor  Springs. 

The  Deflection  of  Rotating  Helical  GoT- 
emor  Springs.  J.  Zvonlcek.  Z  V  O  I— 
Feb.  22.  08.  17  flga.  4000  w.  80e.  Oivea 
fornnutri^  uTiii  illustrative  calettlatiooa. 

StrcsA<%  in  Lanki),  Eyes,  etc. 

The  Calculations  of  Curved  Bars.  A. 
Banman.  Z  D  V  I — ^Feb.  28.  08.  1  flg. 
8000  w.    Mar.  7.  7  figs.    8000  w. 

60c.  Gives  mathematical  analysis  of  the 
stresses  la  links,  eyes,  staples,  etc. 


Jigt  and  FIstnMS; 

Jigs  and  Fixtures.  E.  Morin.  Machy — 
Apr.,  08.  4  figs.  4200  w.  4Uc.  Oiscussea 
the  fundamental  principles  in  Jig  design. 

Toolmaklng  in  a  Large  Manufacturing 
Plant.  H.  C.  Barnes.  Am  Mach — Apr.  9, 
08.  5  figs.  4000  w.  20e.  Diaoniaee  the 
eoonomleal  production  of  jlia,  dies  and  otlier 
appliances  made  in  large  qnantltlee  by  Tarl- 
ous  toolroom  department!. 


Making  a  Novel  Gun-Barrel  Mandrel. 
Eui^ene  C.  Peck.  Am  Mach — Mar.  19.  08. 
3  figs.    [too  w.  20o. 

MUUng  Machines. 

Purchasing  Milling  Machines  by  Power. 
P.  V.  Vernon.  Eugr  (Lond.) — Mar.  IS,  08. 
1800  w.  40c.  States  how  the  question  of 
power  as  applied  to  milling  maohtaua  abouU 
be  regarded  by  the  purchaser. 

Bfolop  Drive. 

The  Application  of  Motort;  to  r^Iachine 
Tools.  Dexter  S.  Kimball.  Sibley  Jl — 
?klar..  OS.  1  ng.  COOO  w.  40c.  From  the 
Proceedings  of  the  Combined  Electrical  and 
Mechanical  Bnglneerlns  SkMiettee  of  GenieU 
University. 

Painting  of  Machinery. 

Filling  and  Painting  Machine  Tools.  H. 
J.  Huddleston.  Machy — ^Apr.,  08.  2  figs. 
1000  V.  40e. 

Planers. 

Some  Planing  Machine  History.  T.  R. 
Shaw.  Mech  Kngr— Mar.  13,  08.  7  flgs. 
2100  w.  40c.  Paper  read  before  tbe  Coven- 
try EngineerlsB  Soctelr.  Contlnded. 

Punch. 

.V  Hand  I'uncU  for  Making  Rivet  Holes. 
Eng  News — Apr.  9,  08.  1  ttg.  700  w. 
20c.  Gives  proportions  for  a  punch  capable 
of  punching  a  12/18-111.  bole  in  %>ln.  steel 

plate. 

Screw  ^lachlne  Work,  Time  Required  for. 

The  Time  BoQuired  for  Machine  Work.— > 
n.  Fred  R.  ColTln.  Am  Maeb — ^Uar.  19, 
08.  6  flgs.  1100  ir.  Apr.  2.  $  flga. 
1200  w.  Each  20e.  Gives  examples  of  au- 
tomatic screw-machine  work  of  assi.'ilanco  In 
estimating  or  in  selecting  the  beat  types  of 
machines. 

Spiral  Cuttpni. 

A   Study   in   Spirals.     Walter  Grlbben. 
Macby — Apr..  08.    3  flgs.    1800  w.  40e. 
Shows  the  departure  from  tbe  tme  form  of 
the  cutter,  due  to  faulty  table  eettlns. 
Steel  and  Ita  Uses. 

Steel  and  Its  Uses.  Edmund  F.  Lake. 
Am  Mach — Mfir.  2fi.  Og.  SS  figs.  40.000 
w.  20c.  A  Borlos  of  artlclcR  fllllnR  40 
pages  (40,000  w..  38  figs.)  of  the  issue, 
and  forming  a  brief  and  up-to-date  treatise 
on  furnaces  for  converting  iron  into  steel. 
Ingredients  and  materials  of  steel,  beat 
treatment,  propertlee  and  metbods  of  teetlnc 
steel,  rolling,  forging,  welding,  eaatlAK  and 
rinriiining  and  tbelr  eSect  on  atiengtli  and 
grain,  etc.,  etc 
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ANALYSIS  OF  ELASTIC  ARCHES 

Two-lungedy  Three-hmged  and  HingeleH 

of 

Stady  Masonry  and  Concrete 

JOSEPH  W.  BALET 

ConsalUng  EnginMr 
Cl*tki  «s9  iachttt  320  pafet;  wlA  I&4  diaframa  (iflclwlinf  6  folding pUtea)  aai  19  taUaa 

Price,  $3,00  net 

Thla  work  has  been  written  tor  the  purpoMe  of  brtnRlnK  to  the 
aid  or  practicing  engineers  an  exact,  simple  and  reliable  method 
for  coraputlttf  tba  atMaaea  la  lilngalaaa  arctwa.  Mcartflat  t»  fha 
•taatte  tiMoiy. 

The  alaatle  theory  alone  la  antltM  to  rull  connd«nce  In  the 
analynla  of  him  l  ,^  ir  fi  s;  but  Us  application  tu  the  :«)hJtlon 
of  problems  requlrea  more  conoantrated  atudy  and  labortoua 
calculation  than  moat  enclaaeni  can  find  lite  Uma  tor.  Variona 
methods  baaad  upon  thia  theory  are  now  In  uae;  but.  In  order 
to  aimplify  tta  application,  their  authors  make  so  many  aa- 
aumptlons  and  neglect  so  many  elenientn  th  a  cl.f  infiii, nist  arc 
not  conducive  to  accurate  deaisning.  and  are  entirely  untruat<- 
wonby  whan  appllatf  to  lonK-ap«n  nuiaooiy  archaa. 

The  flrat  six  chapters  of  the  book  present  the  application  of  th^ 
elastic  theory  to  all  types  of  arches.  In  all  Its  axiomatic  truth 
ani  .U;ht)ut  n  slnKle  a.Hsumptlon  or  the  neglect  of  a  single  ele- 
ment. It  la  written  In  such  form  that  no  special  preliminary 
•tudr  «C  tba  aubjaet  la  reiiairadl.  aad  tlia  almpliclty  or  Ita  ap- 
plication makes  It  preferable  to  any  other  method  now  In  use. 
The  engineer  will  And  the  many  exumplea.  which  are  fully 
worked  out.  a  valuable  feature. 

The  aacond  part  of  the  work  glvaa  the  algebraic  analyals  of 
til*  daatle  theory,  tha  thaoratn  of  laaat  work,  tb*  dafloetloa 
theory  (linear  and  anjirular).  etc..  as  developt'd  by  Kanklne. 
Winkler.  Maxwell.  Mohr.  Castlgllano.  Bukowskl.  MOller^ 
Breslau.  Weyrauch.  Sternberg.  Melan  and  others;  and  these 
ftuthoriUea  have  baan  freely  coaaultad  In  Ita  preparation.  It 
aaalyrc*  the  prindplea  applied  In  the  flrat  part,  and  la  apoelally 
written  for  thi-  student,  the  deductions  of  the  %-  jrlni-i  f<irms  of 
analysis  tMilntc  given  (or  the  purpusu  of  iaciiiiaitii((  self-ln- 
at  ruction. 

No  other  American  or  torelcn  work  treata  of  the  maaonry  or 
relnforeedoconcmta  arch  with  complete  accuracy.    Wttb  the 

aid  of  this  vohinie  arches  of  thene  t>'p<'s  may  bo  analyaad  with 
the  same  certainty  as  an  ordinary  girder. 

The  Engineering  News  BooK  Department 
220  Broadway*  New  York 

It  WUl  Be  Mutually  BaneBclal  to  Say  Where  Tott  Saw  the  AdvertlMBMnt. 


5^4 


THE  EiNGlNEERlNG  DIGEST 


MBTAit  woBKnra. 

Borini;. 

Boring  Bars  for  Turbine  Castings.  T.  M. 
Lowthlan.  Am.  Maeh — ^M«r.  26,  08.  4  figs. 
800  V.  20e. 

Special  Features  of  Recent  Boring  Mlll«. 
Am  Mach — Mar.  19,  08.  5  figs.  800  W. 
20c. 

IMe,  Sectional. 

A  Remarkable  Section  Die.  Am  Mach — 
Apr.  11.  OS.  1  flg.  ',00  w.  2  0c.  De- 
scribes a  die  constructed  for  making  a  large 
Bumlier  of  openings  In  sheet  steel,  and  con- 
taining nearly  70  parts,  lacludiog  the  series 
of  clamp  blocks  along  tbo  oldei  of  the  dto 
sectloDs. 

Drill. 

A  Multiple-Spindle  Sub-Drill.  P.  H. 
Stead.  Am  Mach — Mar.  19,  08.  800  W. 
SOCL 

F^vglng* 

Armor-Plate  Forging  and  Machlntnp  at 

the  Bethlehem  Steel  Works.  Machy — ^Apr., 
08.    4  figs.    3100  w.  40e. 

Gear  Cutting. 

Cutting  Racks  with  a  Hub.  Am  Mach— 
Apr.  11,  08.    4  flgs.    300  w.  20c. 

Derivation  of  Formula  for  Determining 
8par-Q«ar  Cutter  Number  for  Sptiml  Geam. 
H.  W.  Henes.  Machy — ^Apr.,  08,  1  flg. 
1400  W.  40c 

Gear-Cutting  Machinery.— IV.  Ralph  H. 
Flanders,  Marhy — Apr..  (VS.  19  figs.  7000 
W.     40c.     Describes   rack   cutters   and  ma- 

chinee  for  forming  worm,  spiral  and  herring- 
bone gean. 


A  New  Type  of  Grinding  Machine.  Am 
Mach — ^Mar.    19.   08.     6   fig*.     KOO  w. 

20r  De'^rrihef!  machine  using  emrry  cloth 
belts  In  a  new  way  to  produce  finished  sur- 
faces at  a  \  ery  low  cost. 

Grinding  and  Grinding  .Machines.  Carl 
Olson.  Machy — Apr..  08.  4  figs.  5200  w. 
40c.  Gives  data  on  wheel  speeds  and  cuts, 
and  Instructions  for  using  grinding  nti- 
chines. 

Grindlne  vs.  Cutting  by  Emery  Wheels. 
C.  H.  X  rtois.  Am  Mach — Mar.  26.  08.  12 
flR.s.     1   I'll  \v  filvea  n  oompariaon  of 

eondltiiiri-;.  power,  spi'i'ii.^;  ninl  tinii-  necessary 

to  remove  metal  by  grinding  under  normal 
and  abnormal  conditions. 

Taper  G»ee. 

A  Qage  for  Use  in  Producing  Accurate 
Tapers.    C.  C.  Stuts.    Am  Mach — ^Mar.  28, 

08.  9  figs.  2000  w.  20c.  Describes  the 
measuring  of  tapers  or  establishing  their 
l>roportions  by  a  gage  with  adjastable  jaw* 
set  by  a  pair  of  disks. 

Taps. 

Taper  Taps.     Krik  O:  '-r^:      M.-i''hv  — .\pr.. 

OS.  7  figs.  3000  w.  4Uc.  Gives  data  on 
pipe  hobe.  boiler  tape  and  triatiksmlth  tapi. 


Teniporing,  etc. 

Chloride  of  Barium  for  Hardening.  O.  M. 
Becker.  Am  Mach — Apr. .  8,  08.  1  flg. 
2600  w.  20c.  States  the  proper  style  of 
turaaoe  to  use^  how  the  chMnical  shonld  bn 
handled  and  Its  eifect  when  hardening  afeeel 
tools. 

The  Hcut  Treatment  of  Steel.  E.  R. 
Markbam.  Southern  Machy — ^Apr.,  08. 
2200  w.  soe.  U.— Seleetiott  and  teotlng  of 
BteeL 

Modem  Methods  of  Temperature  Measvre- 

nient.  Pract  Engr  (Lond.) — Mar.  27,  08. 
9  flgs.  2800  w.  Apr.  3.  4  figs.  1200  w. 
Each  40c.  Describes  the  construction  and 
working  of  the  various  types  of  thermome- 
tt :  :.nd  pyrometers  need  in  commerelal 
work. 

Tool-Room  Systems. 

Tool  Rooms.  C.  L.  Goodrich.  Ir  Age — 
Apr.  2,  08.  2S00  w.  20e.  Enumerates 
most  of  tlie  conimon  tools  and  the  number 
of  each  which  auswer  for  a  department  of 
about  75  men  building  small  automatic  and 
hand  turret  lathes  and  similar  work.  Also 
describes  several  tool*keeidng  systems. 

RBPRIOERATION, 

Absorption  System. 

AdvanfaRos  of  AbRorption  Refrigerating 
Machines,  llcyward  Cochran.  Cold  Stor  & 
Ice  Jl— Mar.,  08.  1  flg.  4000  w.  80e. 
Paper  read  before  the  Western  lee  Mfre. 
Exchange,  Kansas  Cltyt  Mar.  6-7,  08. 

Compressor  Icet. 

Test  of  Compressor.  Chsriea  K.  Lttdw. 
Ice  ft  Refrlg — ^Apr..  08.  4  flgs.  6700  w. 
40c.    Gives  details  of  tests  on  a  50-ton  De 

T.a  Vernne  oil  compressor,  with  tables  show- 
ing apeeds,  pressures,  temperatures  and 
Steam  used  per  ton  refrigeration. 

Mcrhnuical  Ttcfrlf;crntion. 

.\l<'chaiii>  ii.  ii-ipcration. — 1.  M.  G.  An- 
dergon.  .Mcch  Mid — .Mar.  20,  OS.  6  fiss. 
IfiOO  w.  40c.  Paper  read  before  the  .Man- 
<-licster  Association  of  Kn>;lneers.  Dlscus3os 
brielly  the  principles  on  which  refrigerating 
raachineH  are  based,  and  the  special  appa* 
rat  us  used  for  carrying  out  tests  in  m 
methodical  way. 

Refrigeration  with  Compressed  Air. 

Practical  Refrigeration  with  a  Goill- 
pressed-Alr  Motor.  Comp  Air— Apr.,  08. 
8500  w.  20e.  Describes  an  air  motor  In 
a  Paris  brewery,  the  public  compressed-air 
service  being  used  to  drive  the  motor  for 
electric  llghtiug  purposes,  and  the  exhaust 
being  used  for  rcf rit^crat ini:  with  such  suc- 
cess that  the  power  and  light  service  costs 
practically  nothing. 

Reniodeird  Plant. 

I  low  a  KefriHeraliuK  Plant  Was  Remod- 
eled. Warren  O.  Rogers.  Power — Mar.  2  4, 
|>S.  ;;  flKH.  KiOO  w.  20c.  Describes  the 
iiuli-station  of  gas  enprlues  for  the  electric 
equipment  of  a  packing  house  resulting  in 
marked  Improvement  in  efficiency. 
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lbs  Scientific  American 

promptly  chronicles  every  hem  of  news  concerning 

The  Industrial  Development  of  the  World 

IT  is  unique  among  periodical  literature  because  of  the  authoritative  infoT' 
mation  it  contains  tnat  cannot  be  found  elsewhere  regarding  Scientific, 
Mechanical  and  Engineering  Progress.  It  is  a  favorite  in  the  Home  because 
its  news  of  the  great  achievements  of  the  day  is  F>opularly  and  practically 
told,  thus  interesting  the  entire  family.  In  a  word,  the  "Scientific  American" 
is  a  distinctively  American  Weekly  for  the  enlightened  American  at  home 
or  abroad.  Subscription  price,  $3  per  year  to  any  address  in  the  United  States. 


Valuable  Books  FREE  to  New  Subscribers 

SCIENTIFIC  AMERICAN  REFERENCE  BOOK,  by  Albert  A. 
Hopkins  and  A.  Russell  Bond.  12mo,  516  pages.  "Is  a  veritable  gold 
mine  of  knowledge  on  almost  every  conceivable  subject  under  the  sun." 

— Pittshurs/i  Post. 

SCIENTIFIC  AMERICAN  BOY,    by  A. 

Russell  Bond.  l2mo,  320  pages.  "The  book  is  a 
volume  of  practical  directions  by  means  of  which 
the  outdoor  boy  can  fit  himself  out  for  all  kinds 
of  sport." — Nnv  York  Ttmes. 

HOME  MECHANICS  FOR  AMATEURS, 

by  George  M.  Hopkins.  12mo,  370  pages.  "The 
book  may  be  commended  for  its  practicability  and 
suggestiveness." — New  York  Tribune. 

The  books  are  beautifully  and  substantially  bound 
in  cloth,  and  cannot  be  purchaised  at  bookstores  for 
less  than  $1.50  each. 

Addre*.  MUNN  &  COMPANY,  No.  353  Broadway,  New  York 


It  win  Be  Mutually  Benuncial  to  Say  Wlipre  You  Saw  the  Advertisement. 


OUR  OFFER 

IF  YOU  will  send  us 
$3.00  in  payment  for 
a  ne-iv  subscription  for 
one  year  commencing 
January  I,  1908,  we  will 
send  you  any  one  of  the 
books  absolutely  free;  and 
also  send  you  the  remain* 
ing  issues  of  the  "Scien* 
tific  American"  for  the 
year  1907  from  the  time 
your  order  is  received 
without  additional  cost 
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SHOPS  Aim  BUOiDIIfaB. 
Engineering  Works  und  MacMne  Sbopa. 

Tike  Hungartan  State  Bnglneeriiig  Works. 
— ^I.    Bngr  (Lond.) — ^Mar.  27,  99.    9  flga. 

4300  w.  40c.  Describes  works  at  Buda- 
pest for  the  construction  of  steel  brlrlges, 
all  kinds  of  structural  work,  boilers,  en- 
gines, locomotives,  agricultural  machinery, 
oil  motors,  Bteain  und  electric  Vallwey 
motors,  water  mulus,  pipes,  etc. 

The  New  Works  of  Hans  Renold,  Ltd.  J. 
W.  Carroll.  Am  Maelk— Uar.  l»,  08.  7 
llgi.  1400  w.  SOc.  Deacrlbea  methods 
trherefay  the  details  of  eqaipment  of  the 
MandioBter  (Eng.)  factory  are  effectively 
worked  out  on  a  unit  Interclmiigeeble  aye- 
tem. 

The  Works  of  Sir  William  Arrol  &  Co., 
Ltd.  Engg—.Mar.  20.  08.  13  flga.  400  w, 
40c.    iiiuf;trato(i  description  ot  a  large 

bridge  Fboyi  in  Claspow. 
Pattern  Sho|).  system  lor. 

A  Practical  Pattern  Shop  System.  Oscar 
£.  Ferrigo.  Fdty — Apr.,  08.  6  figs.  2000 
w.  20c.  Deeorlbes  a  etmple  method  ot  re- 
cording patterns,  employing  the  use  of  cards 
ot  dlstlnctlTO  colors. 


A  Large  Wooden  Frame  Shop.  Bng  Rec 
^Apr.  11,  08.    2  figs.    700  w.  20c. 

8TEAM  iH>WEK  I'liAM'S. 

AvtooMtle  Steam-Pipe  ValTee. 

Isolating  Valves.  O.  W.  Koehler.  Z  V 
D  ! — Mar.  14,  08.  35  flgs.  6500  w.  60c. 
Describes  a  lur^e  number  of  steam-pipe 
valves  which  automatically  close  when  a 
rupture  takes  place  la  the  pipe  beyond  the 

valvp. 
Boiler. 

A  Welded  Boiler.  Charles  F.  Bennett. 
Boller-Mkr — Apr.,  08.  2  figs.  1500  w. 
20c.  Descrlbe.s  methods  used  on  a  2.'ixl8-iii. 
tubular  boiler  using  the  oxy-acetylene  blow- 
pipe. 

Coal  Cttlorlrnet<»r. 

Radiation  Ct)rri  (  lion  for  th«»  Coal  Calori- 
meter. Ernt'Sl  II.  Peabody.  Stev  Inst 
Ind — Jan.,  08.  1  fig.  2300  w.  60c.  Sug- 
gests a  new  and  simple  formula  for  use  in 

this  criniiertlon. 

Cost  vf  i'uuer  anil  I'uwer  Plants. 

Coat  of  Tower  Production.  I.  V.  Koblu- 
Bon.  £1  Rev  (Load.)— Mar.  13,  08.  1300 
w.  40e. 

Graphical  PreKtiitatlon  of  Power-plant 
Costs.  W.  C.  Way  Power — Mar.  17.  08. 
6  flgB.  1000  w.  2 lie.  Olve.H  curves  show- 
ing averMLTr*  working  conditions,  with  capital 
costs  coin  pi  let  from  Infomatloa  supplied  hj 
manufacturers. 

Some  Interesting  Data  on  Steam  and  Oas. 
J.  H.  Alexander.  Engr — Apr.  l,  08.  2800 
w.  20c.  Gives  comparative  costs  and 
efT!<  i<  udee  of  a  steam  and  a  gas  engine 
plant. 

MAT. 


Draft. 

Does  It  Pay  to  Equip  a  Boiler  Room  with 
CO.-  Itecorders?  H.  J.  Westover.  Power — 
Apr.  7,  u 8.    1  fig.    1500  w.  tOe. 

Recording  Draught-Gauge.  Bngg — Mar. 
13.  08.  3  flgs.  900  tr.  40a  Describes 
an  Instrument  for  reeordlng  OM^noualy 
tbe  suction  of  a  chimney  or  a  flue,  measured 
In  Inches  of  water. 

Hegulatiun  of  the  Draft  of  Steam-Dotler 
Furnaces.  W.  H.  Wakeman.  Elec  Wld — 
Apr.  4,  08.     I  flKS.     2000  w.  20c. 

Fi'ed-Water  TreAUiient. 

A  New  Method  for  the  Puriflcatioa  of 
Water.  Inter  Mar  Bngg— Apr.,  08.  1300 
•w.    40e.   Describes  a  new  process  ot  water 

purification  of  carbonate  of  barium,  by  vir- 
tue of  which  certain  evil  effects  due  to 
chemical  occurrences  In  other  methods  are 
avoided.  * 

Apparatus  for  Prevent ing  the  Formation 
of  Coherent  Scale  in  Boiler.  M.  Oolsdorf. 
Eng  News — Apr.  9,  08.  3  figs.  700  w. 
20c.  From  the  bulletin  ot  the  International 
Railway  Congress  Association  for  Oct.,  07. 

Boiler  Feed-Water  Treatment.  Ir  Age — 
Mar.  19.  08.  2  flgs.  1800  w.  20c.  De- 
scribes a  water  softening  and  purifying  sy»* 
tern  Installed  by  the  Woodward  Iron  Co.. 
Woodward,  Ala. 

Pael. 

Burning  Sawdust,  Tan-baric  and  Mill 
Refuse.  Power — Apr.  7,  08.  B  flgs.  1800 
w.  20c.  Gives  views  of  a  number  of  corre- 
spondents as  to  the  best  methods  of  haad- 
Mm  this  class  of  material.  And  the  tjv* 
furnace  required. 

Oovemmeat  Fuel-Testing  Plant  at  Oen> 

ver.  Colo.  G.  R.  Delameter.  Mln  ft  MIn~ 
Apr.,  08.  II  figs.  3100  w.  20e;  De- 
scribes the  methods  employed  In  making 
tests  and  the  special  apparatus  used. 

Oil  Filter. 

One  Barrel  of  Oil  Per  Year.  George  IT. 
Kellogg.  Power — Mar.  24.  08.  3  flgs. 
800  w.  20c.  Describes  a  home-made  wick 
filter  used  in  effecting  this  result  In  connec- 
tion with  a  400-HP.  engine. 


Piston  Speed  and  Steam-Englne  Economy. 
Prof.  R.  L.  Welghton.  Mech  Engr — Apr.  3. 
08.  .""i  rit;s.  4000  w.  40c.  Paper  read  be- 
fore the  .North-EaBt  Coast  Institution  of  En- 
gineers and  Shipbuilders.  Msr.  20,  08. 

Smoke  I'rcventlou. 

Smoke  Prevention  Experiences  Told  by  a 
Well-known  Expert.  John  W.  Krause.  Ind 
Wld — ^Apr.  13.  08.  8n00  w.  30c.  An  ex- 
tended article  by  the  Saperrislng  Bnglaeer 
of  the  city  of  Cleveland. 

Steam  Formation. 

The  Formation  of  Steam.  R.  H.  Smith. 
Engr  (Lond.)— Mar.  2~.  OS.  3100  w.  40c. 
A  study  of  the  physical  questions  Involved. 
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"BLAMES  NOT  ROOSEVELT 

BUT  HIS  ADVISERS  "-iV^a;  Yorit  Herald 

LINDON  W.  BATES 

"Retrieval^tPanama" 


SAYS 

ii 


Not  ONE  feature  of  the  entire 

waterway  is  as  the  Commission 
presents  it 

Read  this  book  and  tee  what  the  80,000.000  Amer- 
icans who  are  paying  for  the  Panama  Canal  are 
getting  for  their  money. 


In  hs  eladdation  of  the  Panama  Canal  problem,  and  in  hj»  «[foflt  to  Baka 
poHible  ifae  coMtractioii  o{  the  RIGHT  Wal«rwajr  acroM  iIm  bll»iii»  Mr. 
Bait*  hat  peffonaed  a  great  Mrviee  to  the  nation.  In  tkii  book  he  hat  contrib* 
tiled  from  hit  wealth  of  tcientific  attainment*  and  technical  experience  a  teriet 
of  owiterljr  ankles  which  deaervo  a  wUU  drcnlatiea  eaoag  both  the  nMmben 
ol  ha  prekirioo  and  the  p«Uk  at  Uive. 


Rc4Mmi,  €z9indkct;  S54pa|ci;  SSiDnlnliMi  (llMih]»gaphlei).  PrietplS. 

(lodadhig  Half^oM  Pblet,  Ditgreauk  Map*  and  Rdnf  Mapa) 

THE  TECHNICAL  LITERATURE  COMPANY, 

2  2j0   Broadway,  New  York 

It  will  Be  Mutually  Beneficial  to  Say  Where  Tou  Saw  the  Advertlaemeiit. 
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Steiim  Piping. 

Determining;  Sizes  of  Steam  Mains  and 
Risers.      Kngg  Conlr — Mar.    25,    08.  20c. 

Steam  Piping  for  Industrial  Plants.  W. 
B.  Hounuan.  Eng  Mag — Apr..  08.  14  flgB. 
4400  w.  40c.  Deals  i>rliieipally  with  ine> 
d!um-sised  plants  desUsned  for  moderate 

steam  pressures,  also  giving  data  on  the  dis- 
tribution of  steam  underground  In  mining 
operatlona. 

Steani  rower  Plants. 

New  GeucratinK  Siiitlon  of  the  Merchants" 
Power  Co.,  Mt-inphia.  Tonn.  Eng  Reo-^pr. 
lit  08.    2  figs.    1900  w.  20c. 

The  CSentral  Power  Station  of  the  De  Beers 
CoMOlidated  MUms,  UA.,  Klmberl7»  Smitli 
Africa.  Percy  A.  Robblns.  Bull  Am  IttSt 
MIn  Engrs — Mar..  OS.  11  flg;8.  10,000  w. 
92.  Paper  read  at  the  New  York  meeting 
Of  flia  A.  I.  M.  B.,  Feb.,  08. 

fltaani  Turbines. 

Auxiliaries  for  Steam  Turbines.  ThomaB 
Franklin.  Power — Mar.  17,  08.  4  Ars. 
8400  w.  20c.  Discusses  their  adaptation 
to  the  service,  with  especial  reference  to  the 
points  to  be  noted  In  their  preparation  for 

tSStlBg. 

Design  of  a  400-Kllowatt  RrnrM  m  Tur- 
bine. Henry  F.  Schmidt.  En^r  -Apr.  1, 
08.  5  flgs.  4  70  0  w.  20c.  Discusses  the 
forms  of  blades  and  spacers,  and  methods  of 
Insertion. 

Bzhauat  Steam  TurblnMk — ^I.  Bngr 
<Laind.)->lfar.  13,  OS.  3  ll«t.  1«00  w. 
40e.  A  summariBed  translation  of  n  pnpw 
read  by  Prof.  A.  Rateau  before  the  Society 

of  Belgian  Engineers,  Feb.,  07. 

Kxtcnsion  of  Generating;  Plant  at  Wolver- 
hampton. Elec  Eripg — Mar.  19,  OS,  T  liga. 
2700  w.  40c.  Describes  the  new  tarbo- 
g»n«rntor  Installation  for  power  supply. 

Stram-Turblne  Construction. — VIl.  T. 
Franklin.  Mech  Wld — Mar.  27,  08.  10 
figs.  w.     4  0c. 

Stcam-Turblne  Engineering.  Mech  Engr 
—Mar.  13,  08.  2200  w.  40c.  Abstract  of 
a  psper  before  the  Manchester  Association 
of  Stnglneers  by  S.  L.  Pearce;  deals  with 
the  elementary  principles  which  form  the 
basts  of  turbine  design  and  the  dav«lopm«Dt 
of  the  many  types  of  the  modem  steam  tnr* 
bine. 

steam-Turblne  Engineering.  S.  L.  Pearce. 
Pract  Engr  (L-ond.) — Mar.  27,  08.  3000  w. 
40e.  Concluded. 

Steam-Turbine  Power  and  Transmission 
Plant  of  the  Mootezuma  Copper  Co..  Naeoz* 
ari,  Sonora,  Mexico.  John  Langton  and 
Charles  Lpsrand.  West  Elecn- — Apr.  11,  08. 
2  flgp.  4t".00  w.  20c.  A  I'liper  read  be- 
fore the  Electrical  Section  or  the  Canadian 
Society  of  Civil  Engineers  at  Montreal,  Mar. 
6.  08. 

Testing  a  Steam  Turbine.  Thomas  Frank- 
lin. Power— Mar,  34.  08.  2  figs.  3200  w. 
20e.   Describes  metbo^is  used  when  n  nir- 


face  condenser  Is  available;  weighing  and 
measuraig  tanks:  test  loads;  method  of 

starting;  gland  seal,  steam  or  water,  etc. 

Thf  I'l iiu'iplfs  of  Steam-Turbine  Buckets. 
William  K.  Snow.  Power — Mar.  17,  08. 
IS  flgs.  2000  w.  20c.  Compares  the  illf- 
feront  types  of  bucket  and  gives  f  simple 
graphical  explanation  ot  their  various  forms 
and  functions. 

The  Question  xif  Steam-Turbine  Safety 
(iovernors — ^11.  Pract  Engr  (Lond. ) — Mar. 
l,"".,  OS.    5  flgs.    1200  w.    40c.  Concluded. 

The  Steam  Path  of  the  Turbine.  Power — 
.Mar.  24.  08.  4  flgs.  3700  w.  20c.  Re- 
port of  the  discussion  of  Dr.  Steinmetz's  A. 
S.  M.  £.  paper  on  this  subject,  in  which  dis- 
agreement was  manifested  as  to  how  steam 
expands  In  a  nossle,  the  energy  developed 
and  the  velocity. 

Su|»crheat<.'d  Ste^im. 

Hot  Gaa  Reheaters.  Power — ^Apr.  14,  08. 
8  flgs.  700  w.  20e.  Daseribes  a  nUmib&t 
In  which  the  boiler  gnses  pass  through  Um 
tubes  and  the  steam  around  them,  the  steam 
beinpr  snperheated  about  60*  F.»  rsaultlng  fft 
a  saving  of  B%. 

InvpBtigatlonfi  of  the  Pressure  and  Tem- 
perature Drop  of  Saturated  and  Superheated 
Steam  Flowing  in  Pipes. — I.  C.  Bberle.  8 
V  D  1 — Mar.  28.  08.  19  flgs.  8500  w. 
Apr.  4.    11  figs.    9000  w.   Blaeh  80c 

"Is  the  name  Worth  tbe  Candle?" 
Power — Mar.  24,  (iS.  I20(j  w.  20c.  Com- 
nninicatlon  from  K.  H.  Foster,  citing  a  num- 
i)er  of  instances  where  the  use  of  Buper- 
iieate:!  st'':i[ii  has  offected  marked  snTlng  la 
fuel  consumption. 

The  Spedio  Haat  of  Superheated  Steam. 
R.  C.  H.  He^  Power — Mar.  24.  08.  1 
flg.  ISOO  w.  20c.  A  reply  to  Prof.  8.  A. 
Reeve's  recent  criticism  of  the  experiments 
of  Knoblauch  and  Jakob  upon  the  specific 
bear  of  superheated  steam  under  constant 
pressure,  in  which  their  method  of  calcu- 
lation la  questioned. 

ValTe  Setting. 

How  to  Set  the  Valves  of  a  Putnam  En- 
gine. F.  L.  Johnson.  Power — ^Apr.  14,  08. 
7  flirs.  700  w.  20c.  Points  out  tbe  dis- 
tinctive features  of  tlie  valve-fiear  and  gives 
plain  directions  for  setting  the  valves  witn 
approximate  accuracy. 

Valve  Setting  for  the  Oreen*-Wheeloek 
Engine.  Hubert  L.  Collins.  Power— Apr. 
7.  08.  15  figs.  2S00  w.  20c.  Describes 
the  Wbeelock  valve-gear,  with  the  Greene 
and  Hill  inoilinratfoim,  and  gives  detailed 
directions  for  adjusting  and  setting  it. 

wooDwoKKma. 

Saw  Guards.  Gages,  etc. 

Saw  Guards.  Shaft  Couplings  and  Fine 
Woodworitiiifc.  James  F.  Hol<art.  Wood 
rrafl  Apr..  OS.  7  flgs.  1700  w.  20c. 
Describes  a  simple  scheme  of  saw  protec- 
tion, the  secure  connection  of  shafting  in 
woodworking  plants  and  tbe  novel  naa  of  a 
system  of  gages  borrowed  from  another 
trade. 


MAT,  1006. 
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NEW  PUBLICATIONS 

JUST  ISSUED 

Economics  of  Railway  Operation 

Br  M*  Ifc  Bfen,  Ohtof  Enginew,  Mahrtwnnee  of  Wa^,  tUasowi  FacUte  BaOmmg* 
Bu^mn;  <S9  IndhM:  about  700  pages;  many  fi,E;iireB,  dlagramfl  and  tomM  lUtwtr*^ 

log  the  best  recent  practice.    I&.OO,  Mt. 

This  work  wlU  »•  tmmmA  •t  Ib«mIbui»I«  ▼»■«•  »]r 

(1)  All  clau«a  of  nllmir  MjahfM  wte  vn  amblUou*  to  fit  UimiimItm  tor  U|bor  poiltloBt  ui 
to  aacure  »  thorough  knowMg*  Of  tho  tnislB«a  In  irlilch  ttaer  art  aogacad. 

<2)   Itnllway  onicers  harlng  mpoDntbi^  rhsrice  of  the  vaiioaa  OparatlDS  ItapiftBMata. 

(3)  AttorDrjra  hAvtug  a  pructica  n-<4u;r:nK  n  Ki-nornl  knowladfo  Ot  ISOW  t/StnUUKt, 

(4)  KttKla««ring  gludcot*  intaadlDg  to  itollciw  railway  onxlne«riDg. 

Specificationa  tmd  Contract*        By  j.  a.  li.  vvaddeu  and  John  o.  wait. 

Thla  book  eooolats  of  a  aeries  of  lectures  delivered  by  Dr.  Waddell,  author  of 

"De  Pontlbus,"  before  the  Stirdrnts  of  the  Rensselaer  Polytechnic  Institute,  with 
Notes  on  the  Law  ot  Contracts  by  John  C.  Wait,  xVl.  C.  E.,  Ll..  B.,  author  of  "Enjjl- 
SaartBg         Ari-bitoutural  Jurlh:prijdenc«,"  etc. 

StresB  ia  laid  on  the  importanoe  Ot  the  proper  preparation  of  apeclflcatlons. 
and  many  examples  and  exercises  are  gtfm  for  th*  VM  of  atodOBto.  Oloth;  7x9  Uu.; 
about  200  pp.    Price,  11.00  net. 

Amdyais  of  Elastic  Arches  B7  j.  w.  Bale*. 

Two-hlnsed.  three-blnged  and  hlngeless  arches   of  Maaonry,   Concrete  and 
Steel,  are  ccnslderotl  in  this  work,  both  ^graphically  and  analytically.    Thn  author  ha* 
evolved  original  methods  and  expedients  whereby  arches  may  be  design ni  Hccordlac 
to  the  elastic  theory  without  the  laborious  calculations  hitherto  necesBary  Cloth; 
6x9  Ins.,  about  300  pp..  with  many  diagrams  and  folding  platea.    Price  |3.00  net 

Railway  Track  and  Track  W^ork 

By  K.  K.  iiuH«iell  Tratniaji,  A.  M.  Am.  Soc.  C.  K.,  Assocliite  Editor,  Engineering  Newt. 

Third  Edition,  fully  rewritten  aiid  with  additional  chapters. 
Cloth,  6x0  Inches:  600  pp.;  about  250  Ulustratlons;  with  index  of  over  1200  Head- 
ings.   Price,  13.60,  net.   Ready  in  February,  1908. 
Pre-prints  oC  •arller  cliapton  lumi  bem  Isaued  for  w  in  eollegaa.   Price  of  tbla 
editlefi  has  been  adTBiMod  from  $8.00  to  IS.60  not. 

« 

Design  of  Typical  Steel  Railway  Bridges  By  w.  Cbue  Thomaon 

Cloth:  6x9  .  »tioUt  190  ptgr^,:  ir.uslraMnrjp.  r.  of  which  «re  roiiliaf  platM.  $2.00.  n«t 
A  laqual  to  "Bridge  aad  Stmctnral  Daalcn."  a  pravlouii  work  ot  the  antlior'a.  Tha  atruetuiaa 
traatsd  «t  lapiaaint  tha  eomooaaat  tnM«  o<  railway  brtdgaa.  and  war*  ehoaan  becauaa  tbay  aaaaoe 
baat  Buttad  to  llluatiMa  tiia  pcobloBM  wUeli  ooeur  moat  traqnanUy  to  tiw  teUge  daalanar.  Tbay  la* 
cluda  tb«  foilowtugi  a  MML  Daek  PWamMsr,  a  JM-tL  Osek  Wama  OMar.  a  IWML  Tbrpugb 
Pratt  Tru«B,  •  20041.  Tkies*  Piett  Tms  wtik  «8m<  io»  ehoi«,  e  IflO-tt.  SwlBf  BiUan,  aai  a 
Railway  VUdnet. 


FORTHCOMING  BOOKS 
Concreie  Syttem  By  FMak  a.  oiibreth. 


FrataMly  ttlMtntae  wRh  hsIMoae  sistwii,  Has  tewlvaa  sad  <ltgfWM  IHtlly  SaearfUsg  tko 
~      one  of  ttao  aoot  ivcaoaafui  ooatnetan  la  tto  oomtnr. 


Full  details  of  these  and  other  publications  will  be  sent  on  request;  also  In- 
fom*tioa  regarding  anj  books  ot  s  taetantaal  or  general  nnturo  pabUihod  by  other 
bosses. 

Engineering  News  Book  Dept.y220  Broadway^  New  York 


It  will  Be  Mutually  Deneficlal  to  Say  Where  Tou  Saw  the  Adverliaement. 
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CX)AL  AND  COKE. 

Coal  Btiqnetttng. 

Condition  of  the  Coal  Brlquettiog  Indua- 
try  In  the  United  States.  Am  Qu  Lt  Jl — 
Mar.  80,  08.    8400  v.    S0«  Coiieliid«d. 

Pyiitlc  SmeltiDg  and  Continuous  Convert- 
InK.    O.  S.  Oarretson.    Bng  A  Mia  Jl— 

Apr.  11,  08,     2500  w.  20c. 

Smelter  Dust  Flue  and  Stack.  Min  & 
Mln~Apr.,  08.  2  Aks.  1000  w.  20c. 
Describes  the  novel  features  of  construction 
used  n  the  plant  of  the  Sonthmst  SmtitlDg 

&  Refining  Co. 

The  New  Balaklala  Smelter,  of  the  Balftk- 
lala  Consolidated  Copper  Co.  J.  L.  Matjch. 
Mln  &  Mln— Apr,.  08.  5  figs.  6800  w. 
20c.     Describes  the  prOpOMd  HUnpUlkg  Ud 

smelting  operations. 

SUme  Treatment. 

Electrometallurglcal  Treatment  of  Copper 
8Um«s.  Don  HolUs,  F.  P.  Lannon.  Theo.  W. 
Qtiajle  Md  P.  D.  QrommoB.  Bull  Colo  Sch 
•Mln— Jan.,  08.  8000  w.  OOc.  Describee 
tiM  prooBMM  «mploy«d  Cor  aatih  work  and 
gtTM  ooit  data  on  treatmmit. 

GOUD. 

07«niding. 

Cranidlng  Cripple  Creek  Ores.  F.  h. 
Barker.  Mln  &  Mln — ^Apr..  08.  3100  w. 
40c.  Discusses  the  cost  of  treatment,  rates 
of  freight  and  analvses  of  ores.  dosrrlbM  thO 
Isabella  and  the  Wild  Horse  Mills. 

Electro^jr^nide  ProoeH.    Doufflatf  Lay. 

Eng  &  Min  Jl — Apr.  11,  08.  2800  w.  20c. 
Ditirussrs  the  method  of  precipitating  the 
preciniis  nu'tals  from  cyanide  solutloni  tf 
electrolysis  of  muddy  solutions. 

MtlHn?  and  Cyanldiog  Hetboda  In  Mexican 

Camp.     Mark  R.  Lamb.     Mln  Wld — Apr. 

11,  08.    G  flgs.     2600  w.  20c. 

Notes  on  Preliminary  Cyanidation  Work. 
F.  A.  Rlehllng.    Min  ft  Mln  (Denver)— 
Mar.  20.  08.    1800  w.    80e.    Extract  from 

the  Western  Chem.  &  Met 

Present  Cyanide  Practice  in  Mexico. 
Mark  K.  T>amb.    Ens  ft  Mln  Jl — ^Apr.  4,  08. 

1 1  ftef     '  1      w.  20c. 

Preci|tltaUon  by  Zinc  Dost. 

PreclpHatloD  hj  Zinc  Dust  at  tho  Home- 
stead Mills  at  I>oad.  S.  D.  H.  L.  Herrlck. 
Min  &  Min — Apr..  08.  2  figs.  900  w.  40e. 
Describes  apparatus  lnr  nntoir  atlcally  faod- 
in?  the  dust  to  the  gold  solution. 

.Slime  Tn-atnient. 

Treatment  of  ,1  rorn-.-n'rate-Slimf'.  A.  E. 
Drucker.  Min  &  Sc  Press — Apr.  4,  08.  2 
Sffl.    2400  W.  80c. 


IRON  AKD  STEEL. 
Blaat  Fnnuwea. 

A  Down-Draft  Blast  Furnace.  R.  It, 
Lloyd.     Kng  &  Min  Jl— Apr.  11,  08.     1  flC. 

800  w.    2  0c.    Describes  a  fnm«M  la  Chile 
operated  in  thla  manner. 

Preparatlott  of  MAterlala  for  the  Blast 

Fumaoe.  David  Baker.  Eng  ft  Mln  Jl — 
Mar.  21,  08.    2200  w.    30c.    Describes  the 

kiln  treatment  of  fine  iron  ore  and  residues 
which  reduces  the  sulphur  content  and 
forma  nodules  of  desirable  size  for  smelting. 

The  Analysis  of  Blast  Furnace  Tuydrea 
and  Similar  Castings.  M.  AndefiOn.  If 
Age — Apr.  2,  08.    1000  w.  20c 

The  Blast-Furnace  Diagram.  C.  Brisker. 
Stahl  u  Eisen — Mar.  18,  08.  9  flgs.  4500 
w.  60c.  Gives  diagrams  whose  ordlnatea 
rrjircsent  volume  percentages  of  CO  and 
COa,  and  ahaclssas  the  temperatures  at  vari- 
ous Bcctloiis  of  the  furnace:  of  use  in  the 
Study  of  the  blast-furnace  process  and  in 
oomparlttc  the  different  typea  of  fnreaoea. 

The  New  Iron  Works  of  the  Staverley  Co. 
Kngg— Mar.  27,  08.  27  flgs.  4000  w. 
40c.  Describes  in  detail  the  iitv.-  blast  fur- 
nace and  equipment  of  the  Devonshire  works 
of  this  coal  and  iron  company  at  BaiTOW 
HiU.  Chatfleld,  England. 

BrlQuelUni^  Ifoh  Ore. 

Gnlndal  Concentrates  and  Briquettes.  Ir 
Ago — Apr.  9,  08.  1800  w.  20c.  Sums  up 
the  recent  deToiopment  of  this  proee—  uaed 
on  the  fine  Iron  ores  of  Norway. 

Klectric  .SnieltinK. 

Possibilities  in  the  Electric  Smelting  of 
Iron  Ores.  Alfred  Stansfleld.  Can  Mln 
Jl — Apr,  1,08.  3100  w.  40c.  Paper  read 
at  the  Ottawa  meeting  of  the  C^adlan 
Mining  Invtitnte. 

The  Induction  Furnace  and  Its  t'so  In  the 
Steel  Industry.  hJlectrochem  ft  Met  Indus — 
Apr..  08.    11  flga.    1100  w.  80c; 

Ferro  .^Jloy?!. 

Ni  w  Mt  thod  for  Manufai  ill!  liig  Low-Car- 
bnii  Ferro-Alloys.  B.  Neumann.  Stahl  u 
Kife«u — .Vlar.  11,  OS.     1  fig.    3000  w.  60c 

Xomonrlatnre  of  Iron  and  Steel. 

The  Uniform  Nomenclature  of  Iron  and 
Steel.  Bull  Am  Inst  Mln  Engrs — Mar.,  08. 
4r»00  w.  $2.  Report  of  Committee  24,  of  ' 
the  International  Aaeociatlon  for  Testing  Ma- 
terials, presented  at  the  Brusiela  CotaAreaa. 
1906.  Gives  the  names  of  the  chief  clasaee 
of  Iron  and  steel  In  English.  French.  Q*»r- 
rnan.  Swedish.  Danish  and  Dutrh;  English 
deriuillons  of  principal  classes  of  iron  an>i 
steel;  glossary  of  special  sizes  and  shapes  of 
iron  and  steel;  and  notes  on  the  boundary 
between  ateel  aad  caat  Iron. 

RolUng  Willis. 

A  Transfer  for  Rolling  Mills.  Ir  Age — 
Apr.  8.  08.    8  flga.    600  w.  80c. 
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Tkere  is  *But  One  Standard 
Publication  Upon  All  Forms  of 
Portland  Cement  Construction 


Concrete 


Piiblisked  Monthly.  Prkt  $1J00  pet  year 


^COX'^RETK  is  the  most  widely  read 
journal  in  its  field  and  has  the  largest 

bona-fide  circulation  amon?  that  class 
of  people  dicectly  interested  in  the 
cement  and  concrete  industiy. 

9  Its  editorial  matter  is  practical  and 

definite.  It  Canies  more  advertising 
than  any  other  Journal  in  this  field  and 

its  advertisers  are  reliable. 

Send  2en  Cents  ior  Sample  Copy 


Cement  Sidewalks 


9  Plain,  everyday  advice  on  how  to 

make  cement  sidewalks  is  contained  in 
our  new  booklet,  "Cement  Sidewalks." 
This  booklet  covers  every  part  of  side- 
walk making  and  is  designed  for  prac- 
tical purposes.  It  is  small  and  will  fit 
into  your  coat  pocket.  Price  25  cents. 


Concrete  Publishing  Co. 

335  Newberry  BnildinsTf  Detroit,  Mich. 


MONEY  f.TNElS 

YOU  CAN  SAVE 

10% 


Of  your  etpoidiiarai  Ibr  Boob  and 
Periodicili  diroudt  nei&berdup  in 

The  Engineering  Digest 
BOOK  CLUB 


lo  convince  you 


WRITE  FOR  DETAILS 

and  send  25  Cents 
(or  book  of  Credit  Coupons  oi 

$1.00  VALUE 

WE  GUARANTEE 

That  every  tranuclion  made  through 

THE  ENGINEERING  DIGEST 
BOOK  CLUB 


Thr  scrvif  V. ill  Ke  prompt,  thorough  and 
reliable,  and  we  agree  that,  in  any  case  where 
tstvn  at  amrapraMotariou  of  anp  kind  are 

brought  t  I  o  ,1  iitcniion,  Mtitfaclory  correction 
will  be  made  at  once  or  money  will  be  refundecL 

Bcii(ics  the  sarin;!  in  inotH  tj.  the  club  will 
alao  render  valuable  ajintance  to  niembers  tn  iln 
•election  oi  bookt  and  in  the  purchate  of  instru- 
ment*, material*,  etc  Let  ui  know  when  you  are 
in  the  market  for  any  kind  of  nwchinery^  or  (iip- 
plief,  and  we  will  hav«  e«uiogim*  and  priec*  WBt 
you  from  the  best  hrmi. 
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Power  RequlrttmenU  of  B6V«nIiig  HDls. 
Bttita  a  BtMn — ^llar.  11,  0$.  1  flg.  SOOO 
V.  60o. 

flUcon  In  Plff  bon. 

A  CarruHan  Method  for  the  Technical  De- 
terminanirjii  of  Silicon  In  Pig  Iron.  Ran- 
dolph i'  viing.  Can  Mln  Jl— ^Uu.  16,  OB. 
2  figs,     1500  w.  4Qc. 

Steel  Ralls. 

Some  Suggestions  for  the  Improvement  of 
Steel  B»lla.  A.  L.  Reading.  Can  Bngv— 
Mar.  20,  OB.    1800  w.  SOe. 

Strorrth  and  Endurance  of  Steel  Ralls. 
James  K.  Howard.  Jr  Age — Mar.  26,  08. 
6  figs.  3500  w.  20c.  Paper  read  at  the 
ninth  annual  /neeting  of  the  American  Rail- 
way Engineering  and  Maintenance  of  Way 
Association,  Mar.  17-19.  08.  Dlacaaaes  the 
results  or  the  Watertomi  labontoir't  iiiT«»> 
ligation. 

Testing  of  SteeL 

The  Work  of  the  Testing  Deiiartment  of 

the  Watertown  Arsenal  In  Its  Relation  to 
the  Ifetallurgy  of  Steel.  James  E.  Howard. 
Bull  Am  Inst  Mln  Engrs — .Mar  ,  S  2000 
w.  12.  Paper  read  at  the  New  York  meet- 
ing of  the  A.  I.  3f .  E.,  Feb..  08. 

OTOBBIt. 

Becoverj-  from  Oxide  and  Silicate  Qno. 

Recovery  of  Nickel  from  Oxide  and  Sili- 
cate Ores.  William  Koehler.  BleotrodMlll 
ft  Met  Indna— Apr.,  08.    BOO  w.  40a 

BSLVKR, 

Obbalt  Ores,  Conc<»ntrHtl<>n  of. 

Concentrating  Cobalt  (Ont.)  Ores.  G.  H. 
Olllesple.  Can  Mln  Jl — ^Apr.,  OB.  -  1  Hg. 
3800  w.  40c 

Cjanlding. 

Cyanidation  of  Sliver  Ores  at  Guanajuato. 
Mexico.  Bernard  Maodonald.  Eng  A,  Mln 
Jl— >Apr.  4.  08.    4  llgi.    6000  w.  S0& 

Cyanidation  of  Sliver  Ore  in  Mexico. — I. 
W.  A.  Caldecott.  Mln  &  Sc  Press— Mar. 
BB,  08.    8700  V.  80e. 


liixlYlBtlon  Plant,  Mexico. 

A  Small  LIxiviation  I'lant  in  Mexico.  H. 
A.  Horsfall.  Min  Wld — Mar.  28,  08.  3 
flsa.    BBOO  w.  BOe. 

ZIKO. 

.Metallurgy  of  Zinc. 

Recent  Advances  In  the  Metallurgy  oC 
Zino.  Woolaey  McA.  Johnnm.  Jl  FUla 
Inst — ^Mar.,  08.    6800  w.  40o. 

The  Metallurgy  of  Zinc.  J.  W.  Richards. 
Elpctrorhem  &  Mel  Jadus — Apr.,  OS.  2800  w. 
4  0c.  Discusses  the  roastlnR  uf  :-;)'nal>Tlte 
and  gives  two  problems  illustrating  the  cal- 
culations InTOlved. 

Roasting. 

WillJev  Roasting  Process.  J.  M.  McClavo. 
Min  <fc  ^iln — Apr.,  08  1  flg.  900  w.  40c 
De^^cribes  a  new  method  of  roasting  sulphide 
ores  tu  prepare  them  tor  maBvatle  conoen- 
tratloQ. 

MISOBLEiANBOVS. 
Aieenlc,  Bapid  Method  for  Estimating. 

A  Rapid  Mothod  for  the  Estimation  of 
Arsenlo  In  Ores.   Hartte7  B.  Hooper.  Can 

Mln  Jl— Mar.  15,  08.  1200  w.  40c.  A 
paper  read  before  the  Institute  of  Mining 
and  MotaUnnr. 


Lpam  la  8oorlfloatlon  and  Cnpellatlon  of 
lead  Bnttona.  Qooris  T.  Hollowar  mud 
Leonard  B.  Peanw.    Mln  Wld — Mar.  BB,  OS. 

1200  w.  20c.  From  a  paper  on  the  Assay 
of  Tellurlde  Ores  read  before  the  British 
Dist.  of  Mg.  ft  MM.,  D0&  IB,  07. 

iHaphragna. 

Diaphragms.  J.  R.  OrocBter.  Bloetro- 
chem  &  Met  Indus — Apr.,  08.    9  flgs.  2300 

w.  40c.  Gives  a  concise  end  brief  descrip- 
tion of  the  many  attempts  which  have  been 
made  to  meet  varied  requirements  where 
dtaphragma  are  neewiaiy. 

Sintering  Process. 

The  Dwight  and  Lloyd  Slnterlmr  Proosia. 

Arthur  S.  Dwight.  Eng  &  Mln  Jl — Mar.  28, 
08.  3  figs.  2fi00  w.  20c.  Describes  a 
new  blast-roasting  process  in  which  the  ma- 
terial is  sintered  continuously  in  thin  layera, 
vhleh  hare  a  peculiar  cellular  atmetvre. 


MINING  m 

Accidents  In  Mines. 

Fighting  the  Fire  at  the  HomestatW 
Mine.  H.  O.  Pbythereck.  Mln  ft  Mln — Apr. 
Bruce  C.  Yates.  Ehig  ft  Mln  Jl~>-Mar.  88, 
08.  4  flgs.  6000  w.  20c.  Describes 
methods  used:  with  hose,  smothering  with 
BtPam.  and  finally  by  flooding. 

Prevention  of  Arcidcnts  In  and  Around 
Mines.  II.  O.  Pr\  thtr<k.  Min  &  Mln— Apr.. 
08.  IGOO  w.  40c.  Precautions  saggested 
from  experience  and  recommended  for  an- 
thracite mines. 

Rescue  Appliances  in  the  Mines  of  France. 
Jarquf  s  Boyor.  Eng  Mag — ^Apr.  08.    10  flgs. 

66uu  w.  40c. 

MAT. 


SINEERING 
Asphalt. 

The  Tar-Sands  of  the  Athabasca  River. 
Canada.  Robert  Bell.  Bull  Am  Inat  Mln 
BnfTs — Mar..  08.    B  flga.    4400  w.  82. 

PaiivT  read  at  the  ToroAto  meeting  of  th* 

A.  1.  M.  E..  July,  07. 

Canada,  .Miucral  I'rudnction  of. 

Mineral  ProduetlOD  of  Canada.    Eng  * 

Min  Jl — Mar.  21,  08.  3600  w.  BOc.  A  Sttflk* 

raary  of  the  preliminary  report  Of  the  min- 
eral production  of  Canuda  in  1907,  as  pre- 
pared by  John  .McLeish,  Statistician,  under 
direction  of  Dr.  Eugene  Haanel,  director  of 

mines. 
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-  Y.ur  LAST  Opportunity^ 

ONLY  80  SETS  LEFT 

Owing  to  the  popularity  of  this  little  set  of  classics,  we  purchased  from 
the  publishers  some  time  ago  the  entire  balance  of  the  edition,  and  this 
stock  has  now  been  reduced  to  less  than  100  sets.  When  these  are  gone  no 
more  will  be  available  at  any  price,  and  no  new  edition  will  be  made  or 
could  be  made  to  sell  for  less  than  $5.00  a  set. 

Wo  have  supplied  many  eDfrinoere  with  sots  of  the  books  iliustratcd  herewith  at  a  moderote  cost  to 
satlnfy  the  need  for  good,  wholeeome  reading  that  is  not  tacbnicaL  These  eight  volumes  of  the 

MASTERPIECES  OF  THE  WORLD'S  BEST  UTERATURE 

Edited  by  Jaaiuiette  L.  Gilder,  the  welI<kno%m  literary  critic 

comprise  the  best  writings  of  over  two  hundred  of  the  greatest  aathom  of  ancient  and  modem  times,  and 
represent  all  ages.  Elach  volume  is  complete  In  itself. 

You  know  the  value  of  good  literaturo— you  know  that  it  react*  bcnoflcially  to  yotir  work.  You  can- 
not spare  tht>  time  to  read  large  sets  of  books,  however  good,  and  would  certainly  welcome  and  appreciate  a 
small  set  such  as  this,  giving  the  meet  interesting  portions  of  the  world's  greatest  writings.  In  these  small 
books,  the  Classic,  the  Dramatic,  the  Humorous,  and  the  Lyric  writers  are  fully  represented.  Copious  Selec- 
tions/rom  Ari»tophane»  to  Kipling,  from  Aetop  to  ifoo)»<»rr/^,  are  here  formed  into  a  Library  of  over  Seven 
Hundred  of  the  Best  Compositions  ever  written.  The  Miflsion  Htyle  Book  Back  shown  in  the  illustration  Is 
sent  FREE  with  each  set  of  books. 


READ  THIS 


SCHKCEtTADr,  N.  Y. 

Pl'BLlHHKR : 

THE  ENOINEEBINO  DIQE8T, 
KKW  rOBK. 

DCAK  BIBS :— I  hnvo  received  the  set  of  the  World's 
Be«t  Literature,  and  Ond  tbem  much  better  than  I  bad 
any  right  to  expect  for  the  price.  They  are  handsomely 
bound,  have  good,  clear  print,  and  ought  to  last  a  life- 
time.  They  make  a  valuable  addition  t«  any  library. 

Tours  truly, 

D.  A.  YOCSO. 


Sent  prepaid,  ft>r$a.nO,  to  any  addrcna  in  the  United  Statca,  Canada  or  Mexico. 
If  not  Hatinntctory  In  every  reHpert  return  them  to  uh,  and  your  money  will  be 
refunded.    Order  NOW  before  the  edition  in  exhauated. 
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Oement  lUx:k. 

Geology  of  the  Cement  Belt,  in  Lehigli 
and  Northampton  Counties.  Pa.,  with  Brief 
History  of  the  Origin  and  Growth  of  the  Tn- 
duBtry  and  a  Description  of  the  Methods  of 
Manufacture.  Frederick  B.  Peck.  Economic 
Geology ^aD.-Feb..  08.  11  figs.  1<,000  tr. 
60c 

OM*wM,  aoveffmieDt  iMpecCteit  of. 

OoTemmeDt  InBpeettoii  of-lllniiiK  Clatnts. 
J.  B  Tyrrell.  Mln  WId— Mar.  31,  08.  t  fl|«. 

1400  w.  20c. 

ChML 

A  Practical  Classlflcatlon  for  Low-Orade 
CMte.  Matltw  R.  Campbell.  Economic  Geol- 
ogy— Mar.-Apr.,  08.  S  llga.  2700  w.  <0c 
Published  by  permission  of  tlie  Dtreetor  of 

tbe  United  States  Geological  Survey. 

Coal  Formation.  Prof.  Vivian  H.  Lewis. 
Prog  Age  -Apr.  1.  08.  .5000  w.  20c.  First 
of  a  series  of  Cantor  Lectures  upon  fuel  and 
its  future,  delivered  Mar.  9.  before  tbe  So> 
dety  of  Arts,  London. 

Coal  Screening,  Washing  and  Briqtietto- 
Maklng  Plant  at  the  Alstadter  Collieries, 
Germany.  Ir  &  CI  Tr  Rev — Apr.  3.  08.  20 
flgs.   3500  w.  40c. 

Condition  of  the  Coal  nrlqnetting  Indus- 
try in  the  United  States  Edward  w  Parker. 
Am  Gas  Lt  Jl — Mar.  23,  '08.  COOO  w.  20c. 

Moisture  in  Coal.  E.  B.  Somermeier.  Mln 
&  Min — Apr.  08.  2800  w.  4 Op  Dlflousses 
the  importance  of  proper  care  of  sainplPR  for 
analysis. 

Southern  Extension  of  the  Kootenai  and 
Montana  Coal-Bearing  Formations  in  North- 
em  Mootana.  Casaina  A.  Fiiher.  £conoailc 
Geology — Jan.-Feb..  08.   10,000  w.  COe. 

The  Recovf-r.v  of  Anthracitf  from  Culm 
Banks.  Richard  L*e.  Eng  &  Min  .Tl — Apr. 
4.  08.  figs.  2200  w.  20r.  Describes  a 
piant  coatinK  |25,00n  to  complete,  with 
wliicli  It  1h  possible  1o  inalie  a  ywtlj  PWflt 
of  168%  on  the  investmeDt. 

The  Sairsmore  Clearfield  District,  Pa.  Blt^ 
umlnous  Cnal  Minos.  Edward  K.  Judd.  Eng 
&  Mln  J!~Mar.  21,  08.  4  flgs.  1200  w.  20c. 

The  Smithern  J'a.  Anthracite  CoalfleM. 
John  H.  .K'urtter.  Eng  &  Min  Ji— Mar.  28, 
08.  7  figs.  2300  w.  20c.  States  that  the  im- 
portant future  supply  of  hard  coal  will  be 
prodnoBd  hjr  deep  mining  in  the  lower  basin, 
and  that  water  hotsta  -will  be  used  to  replace 
pumps. 

The  Storage  of  .Vnthraclte  Coal.  Bttg  Bec 
— Mar.  28,  08,   1        w,  20c. 

The  I'se  of  St<.  •!  .Sniiports  in  Coal  Mines. 
R.  B.  Woodworth.  Eng  &  Mln  Jl — Mar.  21. 
08.  3  figfl.  1600  w.  20c.  Abstract  of  an  ad- 
dress made  at  Pittsburg*  Dec  :i,  07.,  before 
the  Coal  Mining  Institute  of  Amprlca. 

Concrete  III  Mining. 

Th«  Ttlli7atlon  of    Concrete    in  Mi-.i'nir 
Worlf.   Ernest  McCullough.    -Min  Wl  1 — AT»r 
11.  08.    2  figs.    IS""  w.    20c.    Deserilws  if^ 
»ise  for  foundation  worl<  inl  oihe-  puri  >-< 
including  the  construct'ion  of  reinforced  con- 
crete beam*,  with  formulaa  for  calculating 

HAT, 


compression  and  tensile  stresses.  Th©  de- 
sign and  construction  of  a  reinforoed-oon- 
Crete  bin.  20  ft.  square,  inside,  and  boldlnif 
c  ft.  of  coal  is  also  indicated. 

Copper. 

Foothill  f  ;  I  :  l.elt  of  the  Sierra  Nevada. 
John  A.  iieid.  Aliu  &  8c  Pr — Mar.  21,  08. 
6  figs.  4000  w.  20c 

Recent  Developments  at  Cerro  de  Pasoo* 
Peru,  Copper  Mines.  J.  C.  Pickering.  Eng  ft 

Mln  Jl — Apr.  11,  08.  4  figs.    r;SOO  w.  20c. 

The  Copper  and  Tin  DepoBils  of  Katanga, 
Congo  Free  State.  Africa  John  H.  Farrell. 
Bug  &  Min  Ji— Apr.  11,  08.   12  figs.  5500 

w.  aoc 

The  Bvergreen  Copper  Depoaita  of  Colo- 
rado.  Btlenne  A.  Rttter.   Mfn  Wld — Mar. 

21,  08.  ISOO  w.  20c.  Ahstrart  of  paper  reaa 
before  the  Am.  Inst,  of  l\.  E.  Toronto,  meet- 
ing 

The  Utah  Copper  Mill  Near  Garfield,  Utah. 
Robert  B.  Brinsmade.  Mln  Wld — Apr.  4,  08. 
r.  figs.  2800  w.  20c. 

Dianioruls. 

Notes  on  Cost  of  Diamond  Drilling  in  tho 
Boundary  District.  Fred.  Keffer.  Can  Mln 
Jl — Mar.  15.  08.  2r>n(t  w.  40c.  From  the 
Journal  of  the  Canadian  Mining  Institute. 

I>rainnee  in  Cripple  Creek. 

Drainage  In  Cripple  Creek.  Colorado. 
Gold  Camp.  T.  R.  Countr.vnian.  Mln  Sc — 
Apr.  2,  OS.  3000  w.  Apr  9.  1  fig.  2200  W. 
Bach  20c.  Gives  comparison  of  depths  and 
advantages  of  several  tunnels,  and  a  short 
aeoount  of  the  selection  of  the  QaU^  Park 
site. 

DrtiUng  and  Shaft  SlnUnc- 

Air  Drill  Practice  In  the  Joplin  District. 
Otto  Ruhl.  Min  Sc — Apr.  9.  08.  2  figs.  1600 

w.    2(1  r. 

Deviation,  of  Bore-Holes.  Joseph  Kltchin. 
Min  &  Sc  Preaa-^Apr.  4,  08.  8  llgi.  8800 
w.  20c. 

Methods  and  Cost  of  Sinking  a  Shaft  on 

the  Rand  wltli  Some  Good  Suggestions  on 
Drilling.  Eugg-Contr — Mar.  18,  08.  3  flga. 

3100  V.  aoc 

Gold. 

Ore  Deposits  of  the  Baatara  Gold-Belt  of 

North  Carolina.  W.  O.  Crosby.  Bull  Am 
Inst  Min  Bngrs — Mar.,  08.  3800  w.  82.00. 
Paper  read  at  the  Toronto  meeting  of  the 

A.  I.  M.  E..  July.  07. 

The  Assay  of  Telluride  Ores  G  B  llnllo- 
way  and  L.  E.  B.  Pearse.  Mln  Wld — Mar. 

14.  08.  1900  w.  20c 

The  Mt.  Lvell  Copper  Field,  Tasmania. — 
I.  Kalph  Stokes.  Min  Wld— Mar,  21.  08.  2 
flgs.    I'tOO  w.  2Ci<- 

The  Seven  Troushs  Mining  Diatricta,  Ne- 
vada. Wm.  -M  Hanclt.  Eng  ft  Mln  Jl — VMT* 
OS.  3. flgs.  1000  W.  20c 

<  Miijtlille. 

Moilts  of  (Irnirr-nr.'  of  Canadian  (Graph- 
ite.   H.  P.  H.  BrunieU.   Can  Min  Jl — Mar. 

15.  08.  2500  w.  40c 

looa. 
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ArchltecUi'  and  Englnaen* 
Buil  *  Bua  Co.,  Boston.  MaM. 
a  M.  HlntU  *  Co..  ni  Oth  at,  BiMUy^i  N.  T. 
KotaMh  *  Co..  138  FultoB  SC.  Naw  Toifc. 

a.  O.  Ru«hl«  A  Co.,  110  Fulton  SC.  Mmt  TMk. 
SL  SmIIk  &  Sod.  168  E.  Madison  St.  OhlMflO. 

Boiler  Makers'  Tools: 
aidwrd  Dudgeon.  20  Columbia  St..  New  York. 

Books,  Technical  and  General: 
M.  C.  CUrk  Pub.  Co.,  353  D«*rborn  SL,  ChlcacOb 
Wm.  T.  Comstock,  23  Wmtui  St,  Now  York, 
rrodoriek  J.  Oraka  *  Co..  CbMwik  IIL 
Bagtnaorins  Now*  Book  D«pt,  SV  Pnwiim,  Hmt  T«ft. 
Railway  Age,  Cblcago,  IIL 

Longmans,  Grt'fii  &  Co.,  91-03  6th  Aye.,  New  York. 
Spon  A  Chamberlain.  Va  B.D.  Uberty  SL,  Now  York. 
TMhaleal  Utaratw*  Co.,  230  Broadwar,  Now  York. 
iohB  ^^J^^^^'  ^        ^  St.  Now  Tock. 

BatUo  Crook  Brtdco  Co..  BatUo  Crook.  Mleh. 
OoMNM-MMl  BBS.  00..  Pack  BOTriUg,  N«v 
OablewafB: 

Batooced  Cable  Crane  Co..  ISl  Wllliafli  tt.  Hair  TOfk, 

Tte  Harward  Co.,  SO  Cburcb  St.  Now  T«tk, 

Calculating  Machlnea: 
Mi*  Computer  Sales  A«onoT.  230  Broadway.  NoW  Todk 

Cement,  Natural  and  Portland: 
Bdlton  Portlaiid  Cement  Co.,  1133  Broadway,  New  TwIt, 
Lawronco  Cemeot  Co.,  1  Broadway.  New  York. 

Cbemlsts: 

Industrial  Laboratortea,  164  Front  St..  New  York. 
Mfciblii*  TMkataal  Laboniorr.  Ootrslt.  MJok. 

OtafU  Encbwera. — See  Profewlonal  Cards. 


FNaOoa  Clock  loajn.  Co..  K  OlMBban  Bt,  Now  Toik. 

Oomcrete  Form  CUmip: 
Charles  Dtotrtchs.  Little  Fernr,  N.  J. 

Concrete,  Reinforcodt 
GtaBcreto-Steol  Bnt.  Co.,  Park  Row  BMS-<  Wnr  Tnfc. 
Consulting  Englneem: 
Professional  Cards.) 

Contractors. — See  also  Profeaaional  Cards. 

Copying  Tracing  Cloth: 
ro-8«B  BIm  Print  Ca.  44  Bread  St.  Nair  Totk. 
CorreqioBdeMe  Oonnes; 
Coneroto  Bac iDoering,  087  Caxton  Bids..  CIOTOtaBfl,  0. 

Drmwing  Materliils  and  Instrnmeatst 
C  V.  HiMins  a  Co..  211  0th  St.,  Brooklyn,  N.  Y. 
Kolesch  a  Co..  138  Fulton  St.,  New  York. 
Rovolulo  Machine  Co.,  SiT  W.  4Stb  St..  New  York. 
B.  O.  Ruohio  A  Co..  lie  Fulton  St,  New  York. 
R.  SoollK  A  Son.  lOS  B.  Madison  St,  Cblcago.  IIL 


Rtti  Hirdniille  Ram  Co..  R..  S160  TlteltF  B., 

Kxcavating  Machinery: 
Balanced  Cable  Crane  Co..  131  William  St.,  Now  TOfk. 
The  Hayward  C"  ,  .'jO  Church  St..  Now  York. 

Files: 

DelU  Flip  WorkF.  rtCLN  Frankford  A*0..  PtkUa,  Pa. 

For<"st<'r,  Coii.sultlng. 
F.  R.  Meli  r.  1  IJro.ifiwny,  Ni  w  York. 

Ga«  i^roducers: 
Oas  Power  Co..  2  Rector  St.,  New  York. 

Hydraulic  .luckH: 
Richard  HudKcon,  26  Columbia  St..  New  York. 

Illuminating  Engineers: 
Bureau  of  Illumlnatlnc  Boglneerlng.  487  FUtk  At*.,  M.  T. 

Instruments,  Recording: 
Brnest  u.  L)u  Vlflor,  14  Church  St.  Haw  Tank. 

Insnlwtltd  Wire: 
HaUrataaw  WIro  Co..  S88  Broadway,  Mnr  Taik. 

Jacks,  Hydraulic: 
BUhard  Dudgeon,  26  Columbia  8t«  Naw  TMk. 

Lead  Covered  Cables: 
bblrsbaw  Wire  Co..  253  BraaAway.  Nnr  Tocfe 

Office  Appliances: 
Cllrr«*r  Mfir  Co..  aflS  Gerard  Are..  New  York. 
B.  O.  Ruehle  A  Co..  110  Fulton  St.  New  York. 

Taint    ( Prosorvatlve) 

Nubian  Paint  A  VamUh  Co.,  41  ParkR"*'^?'**  J^SL"** 
TmSo-FieoC  Palat  Oo..  17  Battaiy  Plaoob  N«w  Totk. 


Paper  Clips: 
Clipper  Mfg.  Co.,  368  Oerard  Aro..  Now  York. 

Patent  Attorneys: 
Fred  W.  UaiDiiclo.  l.'iO  Nassau  St,  New  York. 
Edward  S.  beocU,  ik>  Wall  St.,  New  York. 
WUllam  T.  Jouu>,  Meuerou  Bids..  Washington.  D.  0. 
O.  I*  Parkor.  M  DMs  BMs;,  WaSuaston.  D.  a 
Joahaa  R.  M.  Potta,  8S  Doartora  St,  Chloafo. 
Tbos.  Drew  Stetson,  108  Fulton  St,  NewYofk. 

Periodicals,  Technical: 
American  Builders'  Review,  8aa  riaPOlllie. 
Canadian  Municipal  Jourual,  MsottMl,  Qntb 
Compressed  Air,  New  York. 
Coneroto  BnglneorUis;  Olavolaad.  Otaia 
■loctrle  Railway  Rorlow.  Cbleaco. 
Bnglneerlng-Contrscttng,  Chicago. 
Bnglneerlng  News,  New  York. 
Industrial  Magaslne.  Park  Row  Bldg.,  Now  York, 
iron  Afo,  Now  York. 
Ballway  Aso.  Cbleaco. 

Phonographs: 

Duplex  Phonograph  Co..  803  Patterson  St,  Kalamaaoo, 

Mlcb. 

PUing,  Sted: 
Womllnger  Start  PUIm  Osl,  BswUsg  OffStB  OBaMfe  ILT. 

Pipe: 

MeWane  Pipe  Works,  t»  BnaSnay,  N«w  TMk  OUT. 

Pumps: 
BUS  Hydraulic  Ram  Co..  R.,  ZUO  ' 
Punches,  HjpdiMdlG* 
I.  »  OMsBMa  I 


Blekard  Dudgeon,  91  OstanMa  ft,  Nsw  Tstk, 

Rasps: 

IMU  File  Works,  3220  Frankford  Am,  FUla.,  Pa. 

Kc'conling  Instnuuonts: 
Bnest  11    riu  Vlvler,  14  Church  St.  H«W  Tflflk, 

Schtiols  and  Colleges: 
Armour  In-tltute  of  Technology,  Chicago. 
Clarkson  School  of  Technology,  Potsdam,  N.  T. 
Lehlgb  Uulverslty,  South  Bethlehem.  Pa. 
Oblo  Northern  Cnlverslty.  Ada.  Ohio. 


ILT. 


Rensselaer  Polytechnic  bukttltta,  Tior.  N.  Y. 
Rose  Polytechnic  InsUMg^  TWf*  BMt,  iBi. 

Signal  Wire: 
BAblrshaw  Wire  Co..  SflB  BrsstwaF. 

Steel  PiilnK: 
Wsmllngor  .S'tc.'i  ['iiii.K  Co.,  rinwting 

Structural  Steel  Coiuputer: 
Bigs  Computer  Sales  Agency,  Z»  BnadWSP,  Htm 

Talking  Machloes: 

Duplex  Phonograph  Co.,  SOS  fkUsrSOB  tt, 

Mlcb. 
Tanks,  Wooden: 
Baltimore  Coopernge  Co.,  Baltlmora.  Ud. 
Technical  Illustrating: 

Tb«  Terhniral  IlliiMritlnK  Co.,  Mox  866^  SenstSO,  9ltm' 

Testing  Laboratories: 
Industrial  Laboratories.  104  Front  St,  New  York. 
Mlcblgao   Technical   Laboratory,   Detroit  MlCta. 

Tool  Steel: 

Wm.  Jcssop  &  Son«,  111  John  St.,  N.  Y. 

Towers,  Stt'cl: 
Baltimore  CcH>|icrnKe  Co.,  Baltimore,  Md. 

Tube  E.'cpunders: 
Richard  DudKoon,  2C  Columbia  St,  New  York. 

Vanadium: 
Vanadium  Alloys  Co..  25  Brond  St.  New  York. 

Waterprooflng  Materials: 
A.  C.  Horn  Co.,  fl-8  BurllnK  Slip.  New  York. 
National  Wnterprooflng  and  Cleaning  Co.,  42  East  2U 

St  .  New  York, 
Nubian  l>jilDt  *  V.irnlsh  Co  .  41  Park  Row,  Sew  York. 

Water  Suppl.v: 
Rite  Hydraulic  Ram  Co.,  R..  2160  Trinity  B.,  New  Ysrk. 

VViitctwork.s  Kui*plies: 
McWane  Pipe  Works,  2-'<i  Uroodway,  New  York. 
Nablan  Paint  A  Vaml!<h  Co.,  41  Paik  Row.  Now  Totk, 

Wire,  Insulated: 
Babhsbaw  WIro  Co..  SIS  BrasSwar.  Mnr.  Toik. 

Wood  PreserfatlTea: 
Tarate-Proot  Palat  Co..  17  Battary  Flae^  Htm  Toik. 
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Qfpmun. 

Oypaum,  Where  Found,  Its  Use,  and  Its 
Itonufacture.  C.  O.  Bartlett.  Ir  Tr  Rev — 
Iter.  as.  09.  1400  w.  SOe.  A  paper  to  M 
prMented  before  Uie  AmericsB  Htnliis  Con- 

gresa. 

Hoisting  and  Haalafte  in  Mines. 

Accidents  In  Wiudlug,  With  Special  Uef- 
ereace  to  Ropes,  Salety  Cahlns  and  Controll- 
ing Devices  for  CoUiory  Winding  Engines. 
G.  H.  Wlnstelner.  Ir  &  CI  Tr  Jl— Mar.  :  3. 
08.  7000  w.  40c.  Abstract  of  paper  read 
March  10,  before  the  Manchester  C^eoloclcal 
end  Mining  Sodetf . 

Advantages  of  Electrical  Haulage.  Fred. 
Norman.  Mln  &  Mln  (Denver) — Mar.  27, 
OS.  w.    20c.    Compares  the  different 

kinds  of  haulage  and  states  the  conditions 
favorable  to  each. 

The  Deslsa  of  Cages  for  Modem  Collier- 
lea. — T.  J.  8.  Barnes.  Iron  ft  CI  Tr  Jl — Apr. 

3,  OS.  S  flKS.  2r)00  w.  40c.  Discusses  the 
various  factors  entering  into  the  design  of 
pit  cagebi  for  heavy  loads  operating  at  high 
velocities. 

Brown-Ore  Mining  In  the  RussellvUle  Dls> 
trlct,  Alabama.  P.  Wm.  Hauamann.  Stov 
Inst  Ind — Jan..  OS,  3  figs.   ISOO  w.  60c. 

Chrome  Iron  Mining  in  Canada.  H.  P. 
Strangwav.  .Min  Min  (Denver) — Apr.  3. 
08.  ?,  figs.  ISOO  w.  20c.  A  paper  read  be- 
fore the  Mining  Section  of  the  Canadian  So- 
ciety of  Civil  Engineers. 

Iron  Mining  In  Cuba.  Ir  Age— Apr.  9,  08. 
1 3  figs.  9S00  w.  20c.  Describee  the  old  and 
new  properties  of  the  Spanish  Amerlean  Iron 
Company. 

The  Iron  Ores  of  Ontario.  A.  B.  WlUmott. 
Can  Mln  Jl— Mar.  16.  08.  1  fig.  1600  w. 
40c. 

Jigs  and  Screens. 

Experimental  Studies  on   the  Work  Of 

Wator  Jigs.    Eng  &  Mln  Jl — Mar.  2«,  0*. 

2000  w.    '20c.    Alisiract  of  p.ipt-r  by  Oust. 
Bring,  in  "Jernkontoret.s  Annalor.  "  1906. 
Nomenclature  in  Scretn  Si/'s      lOilwin  X. 

Sperry.    Min  So— Apr.  2,  08.    1  fig.  1000 
W.  20Y^ 
Lead. 

Lead:    It.s  Hlstorv  and  Economic  Develop- 
ment.—  I.    Evans  W.  Hurkett.     Mln  Wld — 
Mar.  14,  08.    1100  w.    Mar  21.    2200  w. 
Each,  20e. 
Mexloo. 

Character  and  Habits  of  the  Mi  \ican 
Minor.  Allen  H.  Rogers.  Bag  ft  Min  41 — 
Apr.  4,  08.   3300  w.  20c. 

f.rowth  and  Decav  r,f  tiir  ATrvlmii  Plat- 
pau.    Robert  T.  Hill      Knu  &  Mln  11  — Apr. 

4,  OS.  12  flgs.  5000  w.  ->'c.  Disc'iK.es  the 
changes  of  temperature  and  the  action  of 
the  wind  which  wear  away  and  carry  rock 
material  of  this  Cordllleran  region  into  the 
sea,  (tradually  lowering  the  land  mass. 

Empire  Building  in  Western  Mexico.  Percy 
E.  Harbour.  Eng  &  Mlu  Jl— Apr.  4,  08.  S 
flga.  .'i'iOO  w.  20c.  Gives  detail  '  of  rreat 
areas  uf  mineral  lands  from  which  millions 


have  been  extracted  by  andent  miners. 

which  will  be  opened  by  new  railroads. 

Mining  Costs  and  Accoaut.s. 

Mine  Accounts  for  the  Superintendent.  Al- 
gernon Del  Mar.  Min  ft  8e  Prese-^pr.  4* 
08.  420  V.  (Including  forms.)  20c. 

Transportation.  CoRts  and  Labor  in  Cen- 
tral Peru.  J.  C.  Pickering.  Eng  &.  Mln  Jl — 
Mar.  21,  08.  3  flgs.  2300  w.  20c, 

Variations  in  Mining  Coats.  John  B.  Hast- 
ings. Min  ft  8c  Pfoes   Mar.  28,  08.  4800  w. 

Ore  Deposition. 

A  Theory  of  Ore  Deposition.  H.  V.  Win- 
chell.  Mln  ft  8c  Pi^Mar.  21,  08.  2500  w. 
20& 

A  Theory  of  the  Origin  of  Ore  Deposits. — 
II.  and  III.  J.  E.  Spurr.  Mln  Wld— Mar.  28, 
08.  1200  w.  Apr.  4.  1100  v.  Eadi,  20e. 

Oee  Dressing. 

Crushing  Ore.  M.  P.  Boss.  Mln  &  Sc  Press 
—  .Mar.  14,  OS.    DJ  flgs.    3500  w.    20c.  De- 

Bcribea  the  various  types  of  crushing  devices, 
wear,  ete. 

The  Present  Status  of  the  Art  of  Ore  Dress- 
ing. W.  G.  Swart.  Mln  Science — Mar.  28, 
08.  2S00  w.  Apr.  2.  1900  w.  Each,  20c. 
Discusses  the  general  problems  of  concen- 
tration and  separation  In  the  hydraulic, 
pueuinatii',  magnetic  and  static  fields.  From 
the  Western  Chemist  and  Metallmrglat, 
March.  08. 

PhoRphMriu. 

Distribution  of  Phosphorus  In  the  Pltts- 
biirg  Coal  Seam.  J.  R.  Campbell.  Min  & 
Mhi  Apr.,  08.  1  flg.  2100  w.  40c.  Com- 
parison of  analyses  of  top,  bottom,  and 
other  parts  of  the  ssam  In  different  minea. 

Rassia,  Mining  Conditions  In. 

The  Boguslovsk  Siberia  Mining  Estate. 
William  li.  Shockley.  Bull  Am  Inst  Min 
Engrs — Mar.,  08.  8  flgs.  11.000  w.  $2.00. 
Paper  read  at  the  New  York  meeting  of 
the  A.  I.  M.  E.,  Peb.,  08.  Gives  an  account 
of  a  large  Uusslan  mining  estate  where  the 
conditions  differ  widely  from  thoee  in  the 
mining  regions  of  the  United  Stotes. 

Silver. 

Promoniorio  Silver  Mine,  Durango,  Mex- 
ico. Francis  C.  Lincoln.  Eng  &  Mln  J^— 
Apr.  11,  08.   8  flgs.   3000  W.  20o. 

Ventilation. 

Methods  for  the  Quantitative  Determina- 
tion of  Dust  and  Soot  in  the  Atmosphere. 
M.  Hahn,  Gesund.  Ing. — Mar.  14,  08.  1  fig. 
5000  w.  40c.  Describes  new  apparatus  for 
determining  amount  of  dust  In  the  air  la 
factorlrp.  mines,  etc. 

Turbin(»  1  auR  lu  Mine  Ventilation.  Dan- 
iel T.  Pit  rre.  Eng  &  Mln  Jl — ^Apr.  11.  08. 
2  flgs.  1100  w.  20c. 

Zinc 

Notes  on  Zinc  A  Humboldt  Sexton. 
Mech.  Engr— Mar.  87,  08.  8  figs.  2200  w. 
40c.  II. — Dresstaig,  calcining  and  roastlns 

eras. 
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NOTICE  TO  READERS 


If  vnu  fli.'!:ire  raulogs  or  prlntr'd  matter  on  anr  of  tbe  Bupplies  below,  drop  tM  a  poaUl  with  the  lUt  number* 
of  the  nrticks  and  We  ihall  h«Te  tbis  literature  aent  you.  It  What  yoa  wxt  is  not  In  th«  llat,  write  u«  ^nymj. 
Your  duluK  Ibis  will  help  US  ftod  at  the  same  time  save  your  wrtttnc  a  Bomber  of  letters  to  tka  TWloua  nuuia- 

facturerti. 


1  Air  romprcSBOrt, 
■J  Air  Tuiups. 
4  Aluinluum. 
0  Ammeters. 
8  A8b«8tOB  Goods. 

10  Ash  EJoctorat 

12  Barrows. 

14  BeariDKB. 

16  Belting. 

18  Blowera. 

19  Blup  Print  Marhlnes. 

20  Boiler  CovcrlnK. 
22  Boilers  and  Furnaces. 
M  BoUar  Tnta  Scraper*, 
is  Bolt  tatt  MM  Machlnmjr. 
28  nnitR.  Rlvala,  Nat*.  Bte. 
30  iin:u:K  Mummrf' 

32  Brakes. 

33  Brick. 

34  Brick  anA  Tito  Machiiienr. 
38  BridKCs. 

38  BrlquettlOC 

39  Buckets. 

40  Buffers. 
42  Buoys. 

44  CaUMraji. 

45  Calcnlatlac 

46  Car*.  Vamp. 
48  Caatiiwa. 
80  CenwDt. 

83  Cement  Block  ItachlM*. 
M  Cement  MakiDS  Plant 

sa  Ccntriftisal  Drrtag 
r^s  Chains  and  Outa. 
GO  Chimneys. 
62  Clutches. 

84  Coal  Handling  Plant 
66  Cocks. 
68  Colliery  Plant. 
"0   ronrrcto  Block  Machloe*. 
7'J.   roncreto  Mixers. 
74  Concrete,  Helotorced. 
76  Condena*r*> 
73  ContractOfS" 
80  Conveyors. 
82  Coupllnns. 
84  Cranes,  Travellen. 
86  Creosotlng. 
88  Crucibles. 
SM)  Cruabing  Ma«IUaar. 

02  Derricks. 
fH  Dlslnfectora. 
M  OlaUIUas  Appmtoa. 
88  DlTtng  Ammtv*. 

ion  Drawing  iwtrnDMta. 
lOU  iJredKes. 
104  Drills. 
106  Drop  Forging*. 
108  Drying  Apparatus. 
110  Dynamos. 
U2  Electric  Are  Lanip^. 
114   Electric  Bells.  Signals. 
116   Electric  Cable*. 
118   E1e<;trlc  Ugtating  Plant 
120   Elwtric  Moton. 
122  Electric  Tools. 
124  KlcvatorK. 
126  Emery  Wheel?.. 
128  Knglne  and  Boiler  Fittings^ 
130  Enginos,  Oss.  Oil  aatf 
irt2  Engines,  Locomottrs. 
iru  Engines.  Marine. 
I.t6  Engines.  Portable. 
138  Bnglnes,  Pumplns. 
140  ExcaTator*. 
142  Kxhanstera. 
144   Exnnn.Icd  MatsL 
14.'.  Ex-.'lndrr', 
146  ExploBlre*. 
148  Fsos  UA  L 
180  FMd  Cheek  Vkhras. 
IBS  Fe*d  Water  Henfer*. 
184  Fee-d  Water  Rceul.itors. 
IM  Fence  and  Railing. 
1,'vS  Flit?. 

160  Filtering  Apparatus. 


102  Fire  Extinguishing  Appa- 
ratus. 

161  Forging  Machine*. 

165  Frogs. 

lOtI  Furnaces  for  RttMO. 

ItW  Furnaces. 

170  Fuses. 

174  UartMtge  Furnace*. 

176  Gas  Engines. 

178  Gaa  Exhauster*. 

IHO  Qbb  Producers. 

182  Qas  Wtirks  I'laut. 

184  Gates  iind  Valves. 

186  Gang*  Olsnos. 

188  Gang**. 

liX)  Ge«r  Cutten. 

I'.C  Gearing. 

liM  Girder*. 

186  Oiastw. 
JoldDi 


108  Oold 

200  OoTcrnors. 

202  anidcr*. 

204  Graphite. 

206  Hammers. 

208  Heating  Apparatus. 

210  Hot°tinK  lisehlaoir. 

212  IIo-k:. 

214  Hydrants. 

'.'16  Hydraulic  Macblneff. 

218  Hydraulic  Preaees. 

2'J<)  Hydraulic  Rams. 

222  iKnlters. 

221  Ir.>  Machinery. 

2-Jl!  Iti'll:i  llubbiT  OOOdS. 

22H  Indicators. 

230  Injectors. 

232  InstrumenU,  Surveying. 

2:!4  insulatlns  Ifsttrlals. 

2;{6  Iron  ~ 

238  Iran. 

240  Jadm. 

242  JotnUnc 

246  laborer*. 

24S  Ladles. 

2S0  Lamps. 

2B2  Lathes. 

254  Ughting  Appsmtas. 

256  Lightning  Coa' 

2S8  I^ck  Nuts. 

260  Locomotive*. 

262  Lubrlcanu. 

264  Lubricators. 
266  Machine  Tools. 

265  ManKADCSe  Steel. 
2T<i  Matibok-  COTOr*. 


Mnthemattaal 

274  Metallne. 
276  Metallic  Packing. 
278  Meters. 
2N0   Mineral  Wool. 

MUiltiK  M.Tchlnrry. 
284   Molding  Machines. 
288  Mot-Making  ' 
288  on  Cans. 
890  fS'  ETtrnctnrn. 

282  Oil  Kir-?-. 

284  Ore  Crushing  Machinery. 

206  Packing.  ^ 

028  Paints.  Wood  Prewrring. 

300  Paints.   Steel  PreBOIVtm, 

n02  Paints.   Teredo  PrOOl 

304  Paving  Blocks. 

306  Perforated  MeUl*. 

.1018  Picks,  Shovels. 

.110  Piles  and  Pile  Drivers. 

.ni2  Pile  Shoes. 

.".14  Plp«  Bending  Uachlna*. 

.'tir.  Pipe,  Sewer. 

SIS  Pipe,  Water. 

320  Pipe  Tapping  Machltt**. 

.•!22  Pistons. 

.124  Planing  Machines. 

.126  Plates. 

328  Pneumatic  Tools. 

aw  PwtaUo  Bn^**. 

882  Poftabto  BiStwan. 


X»  Pottery. 

335  Pr«servatlT«a, 

336  Propeller*. 
338  Prism  Olaaa. 
340  Pulley  Blocka. 
342  Pulleys. 

34-1  Pulverizers. 

340  I'umps  and  Piunping  Machin- 
ery. 

.-{48  Punching  Maoklnaa. 

3S0  HallB. 

3.52   Kiiil  Benders. 

S54  Hallway     and  Contractors* 

Plant. 
3.Vt   Railway  Rolling 
:ViH   Railw.iy  Signals. 
3r>l»    KixordinR  Instrument!. 
300  RefrigeraUng  MacbloOir. 

RlTet^g  Machlae*. 

306  Rond  Rollirs. 

ito.id  Mruhmery. 
.^0  Rock  Drills. 
872  RooBng  Supplies. 
374  Roller  Bearing*. 
376  Rnp«  Trnmwaya. 
.178  Rope.  Wlra, 
.1.81)  Runwaye. 
a*2  S:i»«. 
.'tM  Scnrlflers. 
3SJ\  .Scrapers. 
.188  Screens. 
880  Searchllgbta. 
W2  BsoMd  naad  To«ta» 

sry. 
884  ShoTols 
3M  Skips. 

400  Springs. 

401  Steam  Engines. 

402  Steam  Hammeia. 
404  St«UB  Ptpask 
408  Steam  8taoT*1s. 
408  Steam  Traps. 
410   Sic.ira  Turbines. 

412  Steel  (or  Reinforced  Conorat*. 
418  8t**l,  StmctonL 

414  Stokers.  ICaehaadesL 
416  Stoneworklag  lUelilasnr. 
418  Stmt  Bwoovan,  Hna 

chine*. 
420  Superheaters. 
422  Switchboard*. 
424  Switches  and  CrO**lng. 
426  Tanks. 

428  Tclfitraph  Instm 
4.T)  Tel.  Krup'i  Wire  U 
4;i2  Telephones. 

4.14  Testing  MacblaSI. 

4.15  Ties. 

4.16  Time  Reglaterau 
438  Tools.  Pneumatio; 
440  Tub*  Walls. 
442  TurMm  7. 
444  TumUblas. 
446  Valves. 

415  Vault  LiKhts. 
4.V)  Ventilstor*. 
462  Tl*«s. 
4M  Voltmetar*. 
4.'>6  Wagon*. 
l.".s  Water  Meters. 
460  Waterproofing  Materials. 
462  Water  Purifying  ' 
464  Water  Wheel*. 
466  Weighing 
468  Welding. 
470  Wheelbarrows, 
413  Whitewashing 

Machines. 
4T4  Wlnehaa. 
4W  Wlndlaaaaa. 
478  Windmill*. 
480  Windows. 
482  WIr*  R«M. 
484  Woodinnftlac 
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MUNICIPAL  ENGINEERING 


IlEFUSE  DESTRUCTION. 

Waste  Disposal. 

City  Wastes  Disposal  and  Street  Clean- 
ing. Paul  Hansen.  Sarv — Mar.  27.  08.  4800 
w.  40e. 

ROADS. 

Cost  Data. 

Cost  of  Operating  the  Brooklyn  Asphalt 
Repair  Plant  and  of  i«ylng  tbe  PavamenL 
Bns  Reo-^pr.  11,  08.  1400  w.  SOc; 

Cob't  Rnpafr:--  nf  Asphalt.  Prick  and 
Stoae  Paveiiieuls  iu  Erie,  tsi.  Mun  Kugr — 
Apr.,  08.   3900  w.  40c 

Fowdatlons  fnr  Brick  Puremcnts. 

Comparative  Strength  of  Brick  and  Con- 
crete Foundations  for  Brick  Pavements. 
Mun  Eagr — Apr.,  08.  2200  w.  40c.  Olv9a 
results  of  tests  of  brick  beams  by  Prof.  I.  0. 
Baker,  of  Illinois  Uaiversity,  which  show 
ooncluBlvely  that  a  brick  foundation  Is  mon 
than  equal  to  a  concrete  foundation. 

Boad  Constrnctlon. 

Some  PointA  in  Road  Construction.  E.  B. 
B.  Newton.  Surv — Mar.  13.  OS.  2  4  00  w. 
Mar.  20,  08.  2900  w.  Each.  40c.  Paper 
read  on  March  2nd  before  the  Municipal 
and  Allied  Foremen'a  Inatltute. 

BOAd  BeQttiremeiits. 

Frflaent>Day  Road  Requlrementa  In  Town 
and  CountiT.  A.  Brawn.  Bns  Re^^Har. 

21,  08.  5500  w.  20c.  A  paper  read  before 
the  Royal  Sanitary  Instltnte  by  the  City 
Engineer  of  NottinghUDt  SB||» 

Tar  and  Oil  on  Koads. 

Method  and  Cost  of  Road  Treatment  with 

Tiir  ami  Oil  In  Rhode  iBland.    Artluir  "W. 
Blanchard.   Bng  Contr — Mar.  25,  08.  3200 
SOo. 

SBWBRAGB  AND  fiANITATIOV. 

Bnfldings,  Drainage  of. 

Roughing-In  Plumbing  in  Buildings.  John 
K.  Allen.  Dom  Engg — Mar.  14.  08.  3  figs. 
1400  w.  Apr.  11.  2  figs.  1700  w.  Baeh, 
20e.  XT.— Conneettooa  to  hooae  drains. 
XVI. — Connectlona  from  atadea  to  end  of 
drains. 

The  Sanitary  Sewerage  of  Bulhilnga. 
Thomas  S.  Ainge.  Dom  Engg — Mar.  28, 
08.  3  figs.  1400  w.  20O.  Ohap.  IZ. 
(Cont.)  leaching  cesspools. 

Sixes  of  Sol!  Pipes  tor  Dwellings.  Tttomaa 

S.  Ainge.  Dom  Engg— Apr.  11,  08.  2800 
w.  20c.  Read  before  the  American  Society 
of  Inspectors  ut  I'lumblng  and  Sanltarr  Ba- 

grineers.  Chicago.  Feb.  10-12,  08. 

Bubouic  Plague,  Prevention  of.' 

The  Sanitary  Campaign  in  Cnllfornla. 
Eng  Rec — Apr.  11,  08.  4300  w.  2i*c.  De- 
scribes •*orV'  carried  out  ntifler  the  (ilreotfon 
of  the  United  States  Public  Health  and  Ma- 
rlne-HoapItal  Berrice,  in  an  eadeaTor  to  pre> 


vent  the  reappearance  of  the  bubonic  pla^e 
during  the  coming  anmmer. 

IHsinfLCtants,  Eflklency  of. 

Disinfection  by  Means  of  Formaldehyde 
Vapor.  H.  Bischotf.  Jl  f  Gasbel — Mar.  21. 
08.  7000  w.  60c.  Discusses  the  efficiency 
of  this  form  of  disinfection  and  giveii  it- 
sults  of  many  leata  made  to  determine  its 
elteot  on  bacteria  living  in  parts  of  room 
where  penetration  of  the  vapor  Is  dlfflcnlt. 

The  Efficiency  and  Use  of  Autan  as  a  Dl^ 
infectant.  A.  Eichengrtin.  Jl  t  Qasbel — 
Mai   21,  08.  3  figs.  3400  w.  60c. 

Lead  Pipe,  CorrosloBi  of. 

Action  of  Lime  and  Cement  on  Load 
Pipes.  Gustave  J.  Johnson.  Met  Wkr — Apr. 

11,  08.    1600  w.    20c.  Paper  read  before 

the   American    Society  of   Inspectors  of 

Plumbing  and  Sanitary  BBglseeni  at  its 
meeting  in  Ch'f^ni-n 

Sewage  Pnrlficution  and  Disposal. 

Sewage  Disposal  in  }'tttsficld  (Mai^s. ). 
Mun  Jl  &  Engr — Apr.  8.  08.    1800  w.  20c. 

Sewage  Disposal  Plant  for  a  Large  Hotel 
at  Bedford,  Pa.  T.  Chalkley  Hattou.  Eng 
Rec — Mar.  28,  08.   1  flg.   1600  w.  20c. 

The  New  Sewage  Purification  Works  for 
Berlin-Wilmersdorf,  Germany.  Wm*  Paul 
Gerhard.  Eng  News — ^Har.  19,  08.  <  fig*. 

Scwera,  Ventilation  of. 

Sewer  Ventilation  and  the  Interception 
Trap.  Surveyor — Mar.  20,  08.  8000  w. 
40e.  A  discussion  of  the  anbjeet  at  the 
Royal  Sanitary  Institute  meeting  at  .Black* 
pool,  Bng. 

Sewerage  SystsUi  Oonstzuctlon  of* 

Some  Construction  Methods  on  Metropoli- 
tan  Work.     Howard   S.   Knowlton.  Eng 

Rec — Apr.  »,  OS,  7  figs.  1800  w.  40c.  De- 
scribes some  ol  the  methods  adopted  in  the 
construction  ol  ihe  e.xteutilve  sewerage  sys- 
tem in  the  Boston  Metropolitan  District. 

filtration. 

Coiitlnnous  I<Mltration  of  Bath  Water;  A 
Description  of  it.s  Working.  Robert  J.  An- 
gel.    Surv — Mar.  n,  U.S.     2  figs.     3500  w. 

40c.  Paper  read  before  the  Association  of 
Municipal  and  Covnty  Bnglneers. 

Harrlsburg.  Pa.,  Filtration  Plant.  Mun  Jl 
&  Engr — Mar.  2.').  08.  1  fig.  1400  w.  20c. 
Novelties  in  Filtration  and  Their  Theory. 
Ad.  Kemna.  Eug  News — Mar.  26,  08.  4400 
w.  20c.  Discusses  special  featnrei  of  sand 
flitration  In  France. 

Operating  Results  at  the  Hairlaburg.  Pa., 
Mechanical  Filters.  Bng  Rao — Mar.  14,  08. 
2100  w.  20e. 

Purification  of  Water  Supply  at  Law- 
rence. Mass.  J.  Rodney  Ball.  Mun  Engr — 
Apr.  »S.    3  figs.    3000  w.  40c. 

The  Removal  of  Suspended  Matiera  from 
Watsr  and  Sewage.    Bng  New»— Mar.  Sg, 
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REST  FROM  YOUR  WORK 


Have  a  Summer  Home  in  Litchfield  County,  Conn. 

fOW  18  rH£  TIME  to  buy  desirable  iaad  in  Bethlehem.  LltctUield  Couuty.  Ct..  that  will  be  worth 
double  present  values  In  a  few  years.  This  lit  the  most  boautifol  and  reAtful  district  near  Maw 
York,  not  crowded  with  oottacea.  summer  viaitom  or  automobiles.— but  with  miles  of  ffood  roada. 
^  Columbia  University  Summer  EngineerinK  Boliool :  Taft's  School  for  Boys.  Watertown;  TboOunnery 
Bahoolforfiojrv,  Waablngtoii.  ud  bewiClfal  oU  Utchfleld.  with  BiMitimi  lala,  Uie  lugvat  lake  in  the 
Btitob  tad  BhApaav  BItbt.  for  boatfiwuid  flddac,  all  utOdm  16  to  45  mfimtaai'  drive  trem  BatUaliaiB. 
V  WvKe  for  part(<?«!arB.  Hat  of  txwrding  houses,  etc. 

EDWIN  H.  FROST.  R.  F.  D..  BetUekem.  Cona. 


TO  BOOK  BUYERS 


WE  have  just  issued  a  new  112-page  catalogue  of  re- 
cently published  Scientific  and  Mechanical  Books, 
which  we  will  mail  free  to  any  address  on  apfrfication. 

MUNN  &  COMPANY 

PtMitker*  ^  SCIENTIFIC  AMERICAN 
353  BROADWAY  NEW  YORK 


HERE  IS  AN  OPPORTUNITY 

to  obtain  the  INDUSTRIAL  MAGAZINE  for  one  year,  which  will  conum 
acme  specially  written  articles  by  prominent  engineers  of  wide  e3q>etience. 

Some  of  the  princi|Ml  autlion  and  tfadr  subjects  are: 

J.  W.  King  :  Industrial  RaUwayi  and  ThEir  U»e«  for  Manufacturing  PlanU 
R.  H.  Beaumont  :  Powar  Station  Coal  and  A«h  Conveying  ProblMM 

H.  J.  Col« :  iUinfor«*d  Coacral*  And  Pn«njn«tie  Foundatioiw 
R  W.  HaekataJf  i  "ft— awiiaio  of  fymmr  by  Ropa 


The  above  articles  consist  of  about  97,500  words  and  35  new  photographs. 
THE  INDUSTRIAL  MAGAZINE  is  weU  edited  and  printed  on  fine 
stodc,  and  is  wortii  four  times  its  subscription  price. 

Send  us  your  order  with  Two  Dollars  ($2.00}  for  a  year's  subseriptioa. 
A  Three  Months'  Trial  Subseriptioa,  50c 

lk£UDo$iiiju.MMAzuie 

1825  Park  Row  Boildinff,  New  Yoclt 


n  will  B«  HvtuaUr  BwteSelal  to  Smy  Wlmre  Tou  Saw  tlie  Advartiaamant. 


^  kjui^uo  I  y  Google 


S90 


THE  ENGINEERING  DIGEST 


08.  w.    20c.    Calls  attention  to  the 

need  tor  the  service  of  experts  iu  urder  that 
there  may  be  determined  carefully,  In  ad- 
vance of  adopting  any  method  of  water  or 
sewage  treatment,  how  tke  work  of  remov- 
ing and  getting  well  rid  of  suspended  mat- 
ters in  water  and  in  sewage  may  best  be 
divided  i)>  twooii  tbo  aereral  agwieles  avails 
able  for  that  purpose. 

A  Report  of  Water  and  Sewage  Purifica- 
tion Planu  in  Oliio.  Eng  News — Apr.  8« 
08.  S800  w.  SOe. 

filtration  Plant,  Construction  of. 

Confstniction  M«>thods  at  the  Water  Puri- 
fication Plant  at  Toledo,  Ohio.  H.  McKech- 
nie.  £ng  &eo— Apr.  4.  08.  7  flga.  2000  «. 
40e. 

Qfoond  Water.  Use  of. 

A  Notable  Ground-Water  Development  at 
Pueblo.  Colo.  Bng  Reo— Apr.  4.  08.  8  figs. 
5000  w.  40c.  Describes  the  methods  nsed 
In  making  the  large  concrete  pipes  required, 
etc. 

Underground  Water — The  Right  of  Use 
!n  the  Light  of  Recent  English  Enactmcnta. 
Alfred  B.  E.  Blackburn.  Water — Mar.,  08. 
5500  w.  40c.  Paper  read  before  the  Asso- 
ciation of  Water  Engineers,  London,  winter 
mee^g,  1907. 

Osone  for  Water  Sterilization. 

Electrical  SterilizaUon  of  Water.  Eieo 
Engg>— Mar.  X2,  08.  1  flg.  1000  w.  40e. 
Describes  an  apparatus  for  inataUatlon  In 
private  houses  for  treating  the  drinking 
water  in^<i*-ad  uf  flUers.  and  consltttng  «C  a 
gioall  trauslurmcr  and  osonlzer. 

Pollution  of  Water  Sui)plJes,  Laws  Kegar^Ug. 
New  York  Laws  Relating  to  the  Pollution 
of  Streams — -A.  H.  Seymour.  Mun  Engg — 
Apr..  08.  -.i^Mi  w.  lOc.  From  a  report  of 
the  aeventh  Axinual  Conference  of  Sanitary 
Officers  of  New  York. 


The  Pollution  of  Wa:-  r;;  at  C  iinmou  LaW 
and  Under  Statutes.  Charlea  L  Choate,  Jr. 
Jl  Asso  Engg  Soc — Feb.,  ns  bOOO  w.  50c. 
Paper  read  before  the  Sanitary  Section  of 
the  Boston  Society  of  Olvll  BagiiMen*  Dee. 

•1,  07. 

Salt  Lake  City  Wnt«r  Supply. 

The  Water-supply  System  of  Salt  Lake 
City,  UUh.   Bng  Reo— Jiar.  21.  08.    7  figs. 

4400  w.  aoc 


The  New  Abattoirs  at  Chauz«4e  Fondg. 

E.  Tissot.  Tech  Sanft — Mar.,  08.  8  fig*. 
12,000  w.  SOc.  Describes  this  recent  con- 
struction, preceding  the  same  by  general 
coDBiderationa  relating  to  Swiss  abattoir 
practice. 

Hvmlolpal  Acoomits. 

Municipal  Account  Keeping.  Mun  Jl  & 
En^r — Apr.  1,  0  8.  2600  w.  20c  Discusses 
the  value  of  systematic  accounting  iu  Mu- 
nicipal departments — bookkeeping,  coat  cal- 
culation, etc.,  and  gives  eiamplee  tram  act- 
ual practice. 

Municipal  Improvements. 

Municipal  ImproTements  in  Mexico.  W. 
D.  Homaday.  Man  Engg— Apr.,  08.  1300 
w.  400. 

Public  Works  and  Service  of  Springfield, 
Masa.  Mun  Jl  &  Engr — Apr.  8,  08.  1500 
w.  20c. 

PuMlc  Marl^et. 

The  Rochester  (N.  Y.)  Public  Market 
Mun  Jl  &  Eagf^-^pr.  1.  08.  S  flgs.  8000 

w.  20c 

Testing  linbemtovT. 

The  Testing  Laboratory  of  the  Cily  En- 
gineer of  Rochester,  N.  Y.  Mun  Engg— 
Apr.,  08.  8  flgs.  800  w. 


RAILROAD 


CONSTRUCTION. 

France^wltsefland. 

The  Chamounlx-Martlgny  Railway.  Bngr 
(Lond.)^ — Mar.  27,  08.  5  flga.  1900  W.  40e. 

Grade  Rednetlon. 

Tfii..  :,3  an  Kloment  In  Considering  Grade 
Rf  hi  tii;n  A.  K.  KhurtlefT.  Ry  Age — Mar. 
-II.  .is_  .■inn  w.  L''ic.  Abstract  of  a  report 
presented  at  the  ninth  annual  meeting  of 
the  American  Railway  Engineering  and 
Maintenance-of-Way  Asaociation,  Chicago, 
Mar.  17«1«,  08. 

Union  raciHc. 

Some  Recent  Imi>rovenient8  on  the  Union 
Pacific  Railroad.  Eng  Rec — Apr.  t.  U8.  8 
flga.  3600  w.  40c.  Describes  a  large  tem- 
porary trestle,  ooaerete  flat  top  highway 
crossings  and  arches  used  in  the  building  of 
the  Lane  Cut-olt  Just  west  of  Omaha,  Neb. 

MAT, 


TGINEERING 

BfUf AlffiMBMT  AND  OPERATION. 

Deptedadea. 

Notes  on  the  Application  of  a  Deprecia- 
tion Charge  in  Railway  Accouutiog.  Fred- 
eric A.  Delano.  Ry  Ag»--Mar.  27.  08.  3100 

w,  20c. 

Forestry  W^orlc 

Review  of  Forestv  p:.Kperiment8  by  Ameri- 
can Railways.  B.  C.  Bryant  and  E  A.  sterl- 
ing. Ry  Age—Mar.  20,  08.  4900  w.  20c. 
Includes  account  oC  work  done  by  P.  R.  R. 


POWER  AND  EQinPHBHT. 

Bridge  Warning  Signal. 

A  Special  Signal  to  Indicate  Fire  or  Wash- 
outs at  Railway  Trestles.  Bng  Newe — ^Apr. 
9,  08;  2  flgs.  600  W.  20e. 

ISOA 
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There  ie  a  reoBon  why 

MINES  AND  MINERALS 

has  a  larger  paid  circiilationlamong 

Mine  Owners  and  Mine  Officials 

than  any  other  miniiiK  journal 

The  reaeon  i$ 

Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better  illustrated,  than  any  other 

It  is  devoted  exclusively  to  practical  "Mimog  and  Metallufgy 
Sabicription  Price,  $2.00  per  year  Sample  copy  on  request 

MINES  AND  MINERALS 

DENVER,  COLO.  SCRANTON,  PA. 


YOUR  OPPORTUNITY 

may  be  among  the  thousands  of  high  grade  positions  now  open  at  our  12  offices. 

Don't  miss  your  opportunity.  Thousands  of  men  who  have  secured  positions 
through  Hapgoods  know  that  it  pays  to  insure  against  iass  of  opportunity.  Why 
don'tyim  get  in  line  for  advancement. 

IF  YOU  KNEW 

that  a  letter  of  inquiry  woul<l  bring  you  information  worth  himdreds  of  dollars, 
would  ymi  hesitate  to  ask  for  particulars  ?  Our  liooklet  tells  how  we  find  ritjht  places 
for  ri8:hi  men.  li  will  tell  yaii  how  to  secure  a  position  paying  a  larger  salary  than 
your  present  one.  Among  the  positions  for  which  we  need  men  are  the  followng' : 
Advertising  Manager,  $2,500  ;  Sales  Manager,  $4,000:  General  Manager,  $5,000; 
Ad.  Writer,  $i,joo;  Auditor,  $3,500;  Engineer,  $2,000.  Sample  copy  of 
OPPORTUNITIES,  our  monthly  publication,  mailed  free,  if  you  write  to-day 
stating  age  and  experience. 

HAPGOODS 

The  NaHonal  Organizaium  of  Brain  Broken 
305  BROADWAY  NEW  YORK 

It  will  Ba  HutuftUr  Beii«ll«l»t  to  Smj  Wbare  Tou  tew  the  AdrertlMmeat. 
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JBndto  (Vacviiin). 

Trials  of  the  Vacuum  Brake  i  Hardy  Sys- 
t«m)  on  the  Arlberg  Lineu.  A.  Hardy.  Bull 
lat  Bj  Cone— Mar.  08.  4  flCB.  1700  w.  SOe. 

Oar  Wheels,  Flat  Spots  on. 

Allowable  Length  of  Flat  Spota  on  Car 
and  Locomotive  Wheels.  Ry  Maat  llatdt^ 
ikpr..  OS.  1  fig.  900  w.  20g.  Qivea  a  thMK 
retlcal  analysta  by  B.  L.  Hancoek,  of  Pni^ 
due  University,  read  before  Indiana  Bn- 
gineerlng  Society.  Jan.  17,  08. 

Croaelag  Bells, 

Large  Installatiuu  of  Crossing  Bells,  C. 
C.  C.  &  St.  L.  Ry.  Ry  &  Eng  Rev — Mar.  14, 
08.  C  figs.  3300  w.  20c.  Describes  an  ex- 
tensive aiid  completely  worked-out  tiighway 
CKMMlng  bell  Installation  recently  made  at 
Blmwood,  Cartbaan  and  iSdgmont,  Ohio,  and 
embodying  new  faatnrea  In  tUa  bnu^  of 
■ignal  senrtoei 

Derrick  Can. 

Derrick  Cars  for  Chicago,  Milwaukee  ft 
St  Paul  Ry.  Ry  Age — Mar.  13,  08.  5  flgs. 
1800  w.  20c.  Describes  the  confltruotlon 
of  a  heavy  steel  derrick  car  and  a  uumiM  r 
of  wooden  derrick  cars  of  more  than  ordi- 
nary capaetty. 

Pynjunometer  Car. 

Dynamometer  Car  tor  tlie  Northeaatorn 
Railway *of  England.    Rr  Age— Uar.  18,  08. 

r  flgs.    1200  w.  20c. 

Freight  Honsea. 

Concrete  StorehOttM  and  Ollhouse,  Battle 
Creek.  Mich.  Er  Aga— Mar.  20,  08.  7 
flgs.    1100  w.  80e. 

The    New     Rolnforct'd -Concrete  Freight 
Depot  of  the  Wisconsin  Central  Hallway  at 
Minneapolis.         (i.   Harwood.     Eng  Rao 
Mar.  28,  08.    3  flgS.    1600  w.  20c. 

IxK'omotives. 

A  Novel  System  for  Delivering  Bngltt* 
Band.  Ry  Maat  Mecli — ^Apr.,  08.  8  flfi. 
700  20c. 

Combustion  and  Heat  Balance  in  Locomo- 
tives— I.  Lawford  11.  Fry.  Kngg — Apr. 
3,  OS.  M  flKs.  CtOO  w.  4  0c.  Paper  read 
before  the  Institution  of  .Mechanical  Engi- 
neers, Mar.  27.  OS.     Gives  results  based  oa 

ezperlmenta  made  with  the  Pennsylvania 
Ballroad  Teeting  Plant. 

Combustion  Processes  in  English  Locomo* 
tive  Flre-Boxes.  Dr.  F.  J.  Brislee.  Engg — 
Apr.  3,  08.  6  flgs.  '.'Ooo  w.  iOc.  Paper 
read  before  the  Institution  of  Mechanical 
Englneera,  Har.  27,  08. 

Freight  Tank  Engine  of  the  PniMlaa 

State  Railroad  with  Schmidt  Smoke  Ttobe 
Separator.    R  R  Qaa — Apr.  10,  08.    6  llga. 

1600  W.  20c. 

Handling  of  High-Pressure  Power.  Ry  & 
Eng  Rev — Apr.  4,  08.  1600  W.  20c.  Bs> 
tracts  from  a  paper  by  John  A.  Tal^,  betoM 
the  Central  Railway  Clttb,  BttfEalo,  N.  T., 

Mar.  13,  08. 


Heavy  Pacific  Type  Locomotive,  N.  Y.  O. 
&  H.  R.  R.  R.  Ry  &  Eng  Rav— Apr.  4,  08. 
6  flgs.     1300  \v.  2Uc. 

Locomotive  Fuel  Economy.  Am  Engr  ft 
R  R  Jl— Apr.,  08.  32  flgs.  30,000  w. 
40c,  An  e.\ttnded  article  treating  of  the 
importance  of  the  locomotive  fiMl  QueaUon, 
mining  and  utilisation  of  fuel,  goremmeni 
fuel  Inveatlgatlon,  grade  oC  fuel  to  use  in 
locomotives,  loeomotlTe  fuel  tests,  inspec- 
tion at  the  mines,  distribution,  coaling  sta- 
tions and  cost  of  handling,  organization  of 
fuel  department,  firing,  atokera,  brlanettlng, 
etc 

Locomotive  Journals  and  Bearings. — IL 
Ry  Engr — Mar.,  08.  6  llgs.  2000  w.  40c 
Gives  details  of  driving  axle  boxes  used  by 

two  English  rallwas's. 

N'ew  Rolling  Stock  of  the  Italian  State 
Railways.  P.  Raulln.  G6nie  Civil — Mar. 
21.  08.  18  flgs.  6500  w.  60c.  De8crib<« 
new  compound  vpresa  looomotlTe  for  moun- 
tain service. 

Ten-Wheel  Locomotive  for  the  Boston  ft 
Albany.  Ry  Age — A|^.  10,  08.  8  flga. 
0800  w.  SOe.  Describes  4-0-0  locomotive 
weighing  208,000  lbs.  and  equipped  with 
Walschaert  valve  gears. 

Ten-Wheel  Passenger  Locomotive,  St. 
Louis  &  San  Francisco  R.  R.  Ry  Mast 
Heeb— Apr.,  OS.    8  flga.    1700  w.  20e^ 

Bepair  Shop  Dcvlcefl. 

Some  Jigs  and  Devices  Used  in  Canadian 
Railway  Shops.  John  T.  SttBuner.  Ctfn 
Machy— Apr.,  08.  19  flgs.  2300  w.  SOe. 
Describes  Jigs  for  valve-stem  packing,  pattft 

iiolts  and  methods  of  removing  piston  rods 
and  Btuds.  cutting  flue  sheets,  turning  crank 
pins,  malting  air-pump  rings,  machining 
axle  boxes,  boring  drlvlng-box  brasses,  etc. 

Signaling. 

A  Method  of  Uniform  Signaling.  Ry  & 
Eng  Rev — Mar.  21,  08.  2  flgs.  3000  w. 
20c.  From  a  report  of  the '  committee  on 
signal  and  interlocking  to  the  conventton  of 
the  American  Railway  Engineering  and 
Maintenance  of  Way  Aaaoclatloa.  Chicago, 
Mar.  17,  08. 

Steel  Gars. 

steel  Car  Construction  and  Maintenance. 
O.  K.  Cars.in.  Ir  Tr  Rev — .Mar.  19,  08. 
i;7<i(i  w.  line.  Paper  presented  before  the 
Railway  Club  of  Pittsburg  at  its  regular 
monthly  meeting,  Feb.  28,  08. 

Steel  Pasimnger  Equipment.  Charlea  E. 
Barba  and  Marvin  Singer.  Am  Engr  ft  R  R 
Jl— Apr.,  08.  5000  w.  40c  HI. — ^The 
underframe:  the  center  sills  as  a  column; 
tranaverae  anpports:  floor  girdere. 

VtemlnalS,  Wn-^hlngton,  D.  O. 

Union  Terminal  at  Washington.  D.  C— 
Locomotive  'lerminal.  Ry  AgO  Maf.  S0» 
08.    &  flgs.    2800  w.  20c 

Union  Terminal  at  Wadiington,  D.  C— 
Coach  Terminal.  Ry  Age — Mar.  27,  08.  & 
figs.    1100  w.  20c. 


HAT,  UOB. 
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p\0  YOU  KNOW  how  completely,  con- 
-^cisely  and  practically  THE  RAILWAY  AGE 
covers  all  steam  railway  topics  of  interest? 

Most  railway  mm  Icnow,  because  more  of  them  read  The  RAILWAY  AG£  than 
any  other  journal,  ana  it  nas  subscribers  whcrevCiT  there  are  railways. 

U  you  would  like  to  know,  nk  for  lanple  copiet,  which  wiB  ^adly  be  sent  on 
your  request. 

Then  you  wiU  find  these  to  be  the  facts: 

The  Railway  Acs  is  the  authority  on  every  question  pertaining  to  the  conttrac- 

tion,  maintenance,  operation,  trnff^r,  arcountinfj  and  administration  of  steam  railways. 

The  Railway  Age  is  an  invaluable  reference  to  every  development  and  every 
improvement  in  every  branch  of  railway  service. 

Published  every  Friday  in  the  year  and  seven  times  daily  during  the  annual 
mechanical  conventions — fifty-nine  issues,  $4.00. 

Ask  lor  the  samples  miiM— while  you  think  of  it. 


ItO  Nassau  St.,  New  Y  rk 


A  Serial  Sequel  to 

Gillette's  "Cost  Data** 

Those  of  the  io,ooo  purcha.scrs  of  Gillette's  "  Hand  Book  of  Cost  Data  " 
who  have  not  already  subscribed  for  Engineering  Con irac ting"  will  do  well  to 
send  for  a  sample  copy,  for  the  articles  on  METHODS  AND  COSTS  in 
'^Engineering-Contracting  "  really  form  a  serial  sequel  to  Gillette's  "  Cost  Data." 
Those  who  have  not  already  purchased  Gillette's  "Cost  Data"  (600  pagres  of 
costs  for  $4)  will  also  do  well  to  send  for  sample  copies  of  "  Engineer/ n/;- 
Contractitig,"  for  they  will  learn  what  Gillette's  "  Cost  Data  "  is  like.  Mr.  Gillette 
has  reeently  completed  his  appraisal  of  all  the  railways  in  the  State  of  Washins^ton 
— property  worth  a  quarter  of  a  billion  dollars — and  now,  as  manag'ing  editor  of 
"  EngituttiHg-Ciyut ratting,"  he  is  writing  a  series  of  articles  covering  the  cost  of 
every  item  of  railway  construction.  Mr.  Daniel  J.  Hauer,  as  editor  of  the  Earth 
and  Rock  Section  of  "  Engineering- Control  ting"  is  giving  new  and  valuable 
matter  on  economic  methods  of  excavation  and  itemized  costs.  The  paper  can 
best  be  judged  by  sample  copies,  which  we  will  gladly  send.  Since  "  Engineering 
World  "  was  purchased  and  absorbed  by  "  Engineering-ContrariinQ ."  the  subscrip- 
tion rate  has  been  $2  a  year  (52  issues),  but  for  the  next  few  weeks  a  years 
subscription  may  be  had  for  $t  \  Canadian  subscription ,  $2.  Send  for  sample  copies. 

ENGJNEERING-CONTRACTINGl 

353  Dearborn  Street,  Chicago,  III. 
It  Will  Be  Xvtaiair  BvMflotal  to  8*7  'Wl«i«  Tbb  tew  «b«  AtwtlSMnnt. 
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Traek. 

Seasouiii^  and  Trfatlnp  Hemlock  and 
Tainurafk  Tics.  Uy  &  Kng  Rev — Mar.  14, 
08.     I  flKs.    .".OtMt  w.    20c.    Describes  ex- 

periiiKMits  ami  investifjations  carried  out  at 
the  lie-tn'alini;  itlaul  of  the  C.  &  -N.  W.  Ry., 

at  Escanaba,  Mich.,  Id  co-operation  with  tbe 
Foreat  Senrlee. 

Tbe  Future  Policy  of  Railways  with  Ref- 
erence tu  Tie  Supply.  Euk  .Xews — Mar.  26, 
08.  5000  w.  20c.  Fnnn  the  report  of  the 
Committee  on  Ties,  probenfed  at  tbe  annual 
niooilti};  of  the  Am<  ri(an  Railway  Engineer- 
ing and  Malnteoance  ot  Way  Association  at 
Chicago.  Bfar,  1T*19,  08. 

Tbe  Hicks  Mechanical  Rail  Layer.  Ry  ft 
Enp  Rm- — Mar.  14,  08.  7  fips.  1200  w. 
2  0c.  Do.scribes  a  new  layer  which  consists 
of  two  carriers,  one  for  each  side  of  the 
track,  suspended  from  booms  guyed  to  a 
bent  erected  at  the  front  end  ot  the  over- 
bang  ot  the  pioneer  car. 

The  Strength  and  I'.ndiiranof  of  Steel 
Rails.  J.  E.  Howard.  R  R  Gaz — Mar.  27. 
08.    81  figs.    4000  w.  80c. 

Track.  Ry  Age — Mar.  20,  08.  14  00  w. 
20c.  Abstract  of  a  report  presented  at  the 
ninth  annual  meeting  of  the  American  Rail- 
way Engineering  and  Maintenance  of  Way 
AflBodattoD.  Chicago,  Mar.  17, 18  and  If,  08. 

Train  Resistance. 

Train  Realatance  and  the  Ekwnomlca  of 
Railway  Location.  F.  W.  Oreen.  Bng 
News — Mar.  26,  08.  800  w.  20c.  From 
Bulletin  No.  97  (Mar..  08)  of  the  American 
Railway  EtiKineering  and  Maintenance  of 
Way  AssDciatiofi.  Describes  a  method 
thought  to  give  reBuits  superior  to  tfaoee  oIh 
talued  by  using  formulas. 

Water  Supply  for  Locomotlvp^. 

Indian  Creek  Water  Supply  System.  J. 
W.  Ledoux.  Eng  News — Apr.  9.  08.  330  0 
w.  20c.  Desrrlbes  an  elaborate  and  rom- 
prehenslve  system  of  waterworks  put  in 
operation  for  the  Pennsylvania  Railroad 
along  its  lines  between  Philadtlphia  and 
Pittsburg,  for  the  purpose  of  impounding 
supplies  of  water  tutted  to  nie  In  locomo- 
tive boilers. 

Quality  of  Water,  with  Methods  of  Treat- 
111.  rit  and  Results  Obtained  Therefrom.  Ry 
&  Eng  Rev  -Mar.  21,  08.  3  figs.  J^900  w. 
20c.  Conclusions  and  recommended  jjrlnci- 
ples  of  practice  reported  by  committee  of  the 
American  Railway  Engineering  and  Main- 
tenance of  Way  Association. 

Water  Tanks  on  U.  S.  Railways.  G. 
C.ipse.  Z  V  O  I— Feb.  22,  08.  17  flgs. 
4000  W.  60c, 

Hump  Tarda  and  Terminals.  Ry  ft  Bng 
Rev — Mar.  21,  08.  24  flgs.  7000  w.  SOa. 
From  a  committee  report  to  the  American 

Railway  Engineering  and  Maintenance  of 
Way  Association,  Chicago,  Mar.  1$,  OS. 


Railway  Yards,  Warebouaet  and  Freight- 
Handling  Machinery.  Bng  News — Mar.  26. 
08.    II  flgs.    7000  w.    20c.    Abstract  of 

the  report  of  the  Committee  on  Yards  and 
Terminals,  presented  at  the  annual  meeting 
<i!  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association,  at  Cbioigo, 
Mar.  17-19.  08. 

STREET  AND  ELEOTRIO  BAILWAYB. 
Berlin  Ele\.kted  Railway. 

Tests  on  Elevaied  Itailroad  in  Berlin.  Org 
f  d  Frirt.soh  Eiseiibahn  —  Mar  L'lj,  oS.  1 
flg.  2G0y  w.  Gives  an  account  of  recent 
tests  made  on  a  seciiou  of  elevated  road  re- 
cently erected  In  Berlin,  in  which  both  traclca 
arc  Rupported  hy  a  alngte  row  of  steel 
columns. 

Brake. 

The  Mechanical  and  Electrical  Principloa 
of  the  Westinghouse  Magnetic  Friction 
Brake  or  Clutch  as  Applied  to  Their  Series 
Traction  Motora.  Elee  Engr — Mar.  13,  08. 
2  flgs.    800  w.  40e. 

Car  Bama. 

Conatrnctifm  of  Car  Bams.  Ins  Engs — 
Apr.,  08.    3000  w.    40e.   Gives  new  miss 

and  requirements  of  tbe  National  Board  of 
Fire  Underwriters  for  tbe  construction  and 
protection  of  standard  railway  ear  storage 
and  operating  houses. 

Car  Bolldlng  and  Mialntsttaiioe. 

Car  BuildinK  Work  of  the  Los  Angeles  & 
Redondo  Railway.  W.  P.  Goble.  Elec  Ry 
Re%' — Apr.  11,  08.    5  flgs.    1200  w.  20c. 

Maintenance  of  Rolling  Stock  hy  the  In- 
diana Union  Traction  Co.  St  Ry  Jl<>-Apr.  4, 
OS.     12  flgs.     CGOO  w.  20r. 

Maintaining  Car  Equipment  on  the  Chl'>- 
cago  City  Railway.    St  Ry  Jl^Apr.  11,  08. 

15  flgs.    3600  w.  20c. 

Tbe  Car  I>efect  Record  System  of  the  Boa- 
ton  Elevated  Railway  Ca  St  Ry  Jl— Apr. 
4,  08.    8  flgs.    8600  w.  80e. 

Car  Cleaning  and  Inspection. 

Car  Cleaning  and  Inapectlon — Chlcaco 
City  Railway.    Btee  Ry  Rev — Apr.  4,  OS. 

16  flgs.     5000  w.  20c. 

The  Car  Erjuipinent  Department  of  the 
Inteii)urouKh   rtariid   Transit  Co. — Methods 

of  Car  Inyi)ecli()n.  Lubrication  Practice,  Car 
<'leiitiliiK  and  Lat)i)r  Paym*'nt.  St  Ry  J|^— 
Apr   r  1'  riL-'--,.     ti.ooo  w.  20c. 

EU'ctriciilly  Kqiii|i[H-d  iituuls. 

Electrical  Equipment  of  the  Hoboken  Ter- 
minal ot  the  Lackawanna  Railroad.  Elee 
WId— Apr.  4,  08.    14  flga.    2000  w.  SOe. 

The  Boise  (Idaho^  Si  Tntenirban  Railway. 
Elec  Ry  Rev — Mar.  14.  ns.  G  figs.  ]300 
w.  20c. 

The  Chicago  &  Southern  Traction  Co.  D. 
C.  Hinstroff.    Elec  Ry  ReV'^Mar.  31.  08. 

S  flga.    2100  w.  20c. 

The  Hanover  &  York  (Pa.)  Single-Phase 
Railway.     Elec  Ry  Rev — Mar.  7,  08.  9 

GgK.    1300  w.  20c. 
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Patent  Attorneys 


FRED  W.  BARNACLO. 
NMMm  It.  raw  TOBX.  M.  T. 


imnmoN  to  APFuoumoN 

PABINO. 


BDWARD  8.  BBAGH. 

Attorney  and  CouDMlor-at-LAW. 

BPB0IAU8T  IN  PATENT.  TRAOB-MARK  AMD  OOB- 
FORATIOM 


00  Wan  StrMt.  NSW  TORK. 


O.  li.  PARKBR 

Late  Examiner.  U.  S.  Patoit  OfllM. 
ATTORNEY-AT-LAW  and  SOLICITOR  0»  PATBHTB. 

Patents  aecured.  Reports  rendered  as  to  pctaotaMllty, 
valMlty  and  IntrlngemeaL    Patent  luito  condneted. 

tar  iBTCBton  lent  upon  roquaat. 
M  DIati  Bide,  WASUINOTON,  Ik  0. 


PATENTS 


Trada-Marka.  Labels  and  CopjrrlcliU.  Bend  for  mj  fraa 
book,  "How  to  Clot  Tbem."  u  yoa  will  i«nd  ma  a  ransb 
pa&eit  drawlnc  aad  daaerlptlon  9t  rour  InTentloB,  I  wlll 
glra  Toa  my  (rea  opinion  aa  to  tta  pataaUbllltr.  If  I 
mj  tt  la  patentable,  It  t»,  and  yon  ahould  bmrt  It  pat- 
ODtad  at  onoa  and  turn  It  into  monay.  If  It  U  nat  patast- 
abla^  I  will  tall  you  lo.  Bett  Mrrloa  In  erery  departaant. 
not  bsTO  ItT  It  coata  no  more  and  uaualfy  laaa  1m 
Do  not  maka  tba  mletaka  of  ^j^^^"'  * 


JOSHUA  R.  H.  POT  T 


n.  a 
R.. 


Liberal  Gsmmissions  are  paid  - 
to  Agents  who  will  get  New 
Sobicnptioiit  lor 

The  Engmeeriiig  Digest 

Address  SubscTfition  Depart* 
ment  for  pardculan. 


15  Cents  for  a  Life 

Your  ties  will  have  four  or  five  times 
the  life  of  ordinary  ties  if  treated  with 

TeredaProof 
Paint . 

Think  Vf^hat  that  means.  The  cost  of 
removing  rotten  ties  alone,  not  con- 
sidering the  cost  ol  new  ties,  is  enor- 
mous. Ties  treated  with  Teredo- 
Proof  Paint  are  in  a  perfect  state  of 
preservation  after  being  in  service 
more  than  nine  years  in  the  South, 
where  die  life  of  a  white  oak  tie  is 
seldom  more  than  eight  years. 

Wood  is  wood  the  whole  world  over, 
and  will  be  destroyed  by  parasites, 
animal  or  vegetable,  if  proper  precau- 
tion is  not  taken.  Teredo-Proof 
Paint  is  a  virulent  poison  to  the 
lower  forms  of  liCe,  and  is  applied 
hot  to  the  wood,  so  that  it  sinks 
deeply  into  the  tie.  It  is  in  no  way 
affected  by  the  elements  or  the  chem- 
ical action  of  salt  water  when  sub- 
merged in  it  If  yon  want  a  preser- 
vative for  tank  towers,  telegraph 
poles,  ties,  wharf  and  dock  timbers, 
or  any  structure  exposed  to  the 
elements,  write  for  our  latest  catalog. 
It  is  interesting  and  gives_positive 
proof  of  the  efficiency  of 
Proof  Paint 

Smd  fw  it 


Teredo- 

18  Battery  Place 
New  York  City 


It  wni  B*  Mutttklly  Bea«8elal  to  Sajr  VThan  Toa  Saw  th«  AdTurttMrnrat. 
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Tbe  Uunster-Schlucht  Pan  Moontala 
Bi|llw«y.  Sy  ft  Bnc  Rev-^Apr.  11,  08.  6 
llgs.    700  w.     SOe.    DmertbM  an  «1«ettrle 

ruonntain  railway  recently  pnt  In  operaMon 
on  the  German-French  frontier,  which  is  a 
combined  adhesion  and  rack  railway. 

The  Northern  Electric  Street  IUUw&7  Oo. 
of  Scranton.  Pa.  St  Ry  Jl — UKt.  21.  08. 
17  flss.    3400  w.  20c 

The  Roma  Clvlta  Castellans  ISleeCrfo  Rail- 
way. Tram  &  Ry  Wld— Mar.  5,  08.  19 
figs.  3400  w.  10c.  Describes  the  first 
tlnfle-phaee  line  built  in  Italy. 

Blectrlflcation  of  Steam  RoadB. 

Electrical  Traction  on  American  Roads. 
Indus  Eleo--Mar.  10,  08.  2  fige.  6000  w. 
40c.  Reviews  re<^ut  practice  In  the  substi- 
tution of  electrical  for  steam  traction  on 
American  railroads,  giving  particular  atten- 
tion to  the  New  York,  New  Haven  &  Hart- 
ford, Baltimore  *  Ohio  and  New  York  Cen- 
tral Inatallatlona. 

Possibilities  of  Electric  Railways.  W.  P. 
Deppe.  Elec  Ry  Rev — Mar.  28,  08.  1500 
w.  20c. 

Railway  Electrification.  U.  L.  Klrker. 
Ry  ft  Mar  Wld — ^Apr..  08.  1  flg.  6000  w. 
SOe.  AlMtxact  ot  «st«&dea  paper  reoentlr 
read  bafore  tha  Canadbui  Ratlway  Club. 

The  Value  of  Electrification  as  a  Steam- 
Railroad  Improvement.  Clarence  P.  Fow- 
lar.  Blao  Wld— Mar.  81,  08.  6800  w. 
80c. 

Hotor  and  Trailer  Trodn. 

Electric  Motor  and  Trailer  Trucks.  A.  C. 
Vaiiclaln.  St  Ry  Jl — Apr.  4,  08.  9  flgs. 
3800  w  2i.'c.  Abstract  of  paper  presented 
at  meeting  of  Central  Electric  Railway  As- 
aodatioii.  Mar.  S8»  08. 

Mnitiple-Cnr  Operation. 

Multiple-Car  Operation  In  St.  Joseph,  .Mo. 
aiec  Ry  Rav^Mar.  28,  08.    0  Ufa.  1000 

w.  20c. 

OverhPad-T.iine  Maintenance. 

Maintenance  of  Overhead  Lino  vn  tlio 
Waetern  Ohio  Rallwaj.  St  Ry  Jl— Apr.  4, 
08.    1800  w.  800. 

|*«»«er  St^'Uloti. 

Power-Station  Improvements,  Orlplnal  De- 
Vtoea  and  Ideas  In  the  Western  Pennsylvania 
Station  at  ConaeUaTllIe,  Pa.  St  By  Jl — 
A|ir.  4.  08.    18  flga.    8800  H.  80e. 


Bervloe,  PredeCermliiatlon  of  Train. 

Railway  Calculations.  Malcolm  Mac- 
Laren.  Elec  Jl — Apr..  08,  3  flps.  1300 
w.  2  0c.  (Jives  Illustrations,  taken  from 
tests  made  on  the  Now  York,  New  Haven  & 
Hartford  Railway,  showing  the  close  agree- 
ment which  exists  between  theory  and  prao- 
tlce.  In  tba  predatarmlnatloii  of  aarviea. 

ShiOP  PracUcc. 

Changr-s  in  Shop  Practice  by  the  New 
York  &  Queens  County  Railway  Co.  Due  to 
the  Adoption  of  All-Bteel  Cara.  St  Rr  Jl — 
Apr.  4.  08.    18  flsa.    8700  w.  80o. 

signals,  Hudson  Tnnnels. 

Slgnala  and  Aatomatle  Train  Btopa  In  tha 
Kttdeon  Tnnnala.        8;  Bng  Rer — ^Mfer.  14, 

OS.     f'T^  w  20c. 

Steam  Ueat  from  Electric  Loc<»noClTea. 

Staan  Haat  from  Maetrlc  LoeomotiTaa. 
C.  M.  Ripley.  Ir  Afa— Mftr.  18,  08.  8 
flgB.    1400  w.  80a 


Interurban  Storage-Battery  Caft  fn  Ctor- 

many.  A.  de  Courcy.  West  Elaen — ^Mar. 
28,  08.  2  figs.  1100  w.  20c  Dfscrlbes 
one  of  the  new  accumulator  cars  whlcli  are 
■aed  on  the  Mayanoa  Llaaa. 

Snbway,  Txindon. 

The  Aldwych-Embankment  L.  C.  C.  Tram- 
way Subway.  Elec  BhUgf — MMT.  6,  08.  8 
Oga.    1400  w.  40c. 

Ttaefe. 

RecoK-r  1 1  tlon  of  the  Memphis  Street 
Railway  System-  St  Ry  Jl — Apr.  4.  08.  18 
figs.    1600  IT.  20c 

The  Propar  CSoBatmettoa  and  Maintanaaca 
ot  TtbiAm  In  Btaetrte  Ratlwar  Sarrloa.  B. 
L.  Weber.  St  Ry  Jl— Apr.  4,  08.  8  flci. 
2800  w.  80e. 


Trollqr  Wheeli,  etc.,  StandardlaalJen  oC. 

Standardization  of  Trolley  Wheels,  Harps 
and  Poles.  Adam  Cole.  St  Ry  Jl — ^Apr.  4. 
08.    800  w.  SOe. 

Undf*rifroTinf!  Terminal. 

Indorground  Bridge  Terminal  In  New 
York  for  Hrooklvn  Surfac**  and  "L"  Llnea. 
St  Ky  Jl — Apr.  11.  08.  8  figs.  2100  w. 
20c.  Describes  the  extensive  new  under- 
ground terminal  at  the  Dalanoar  Street  end 
ot  tbe  WllUamsburs  Brldga. 
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THE  WORK  OF  THE  FOREST  SERVICE 

By  GIFFORD  PINCHOT  * 

SUGUTLY  C0NDBN8BD  FROM  "AMEHICAN  INDU8TRIBB" 


The  work  of  the  Forest  Service  lies  along 
two  disttnct  lines.  One  line  is  administrative, 
the  other  educational.  The  purpose  of  the 
first  is  to  manage  the  IGri.oOO.OOO  acres  of 
land  included  in  National  Forests  so  as  to 
make  them  as  useful  as  possible  to  the  pub- 
lic. The  purpose  of  the  second  is  to  bring 
about  the  best  possible  use  of  forest  lands  and 
forest  produces  on  the  part  of  the  people 
generally. 

The  forests  of  the  United  States  are  indis- 
pensable to  our  national  welfare.   They  cover 

something  like  one-third  of  our  land  surface. 
This  might  seem  to  mean  that  with  such  an 
enormous  supply  we  are  in  no  danger  of  suf- 
fertns  (or  wood.  Uut  the  trouble  is  that  vastly 
the  greater  part  of  this  forest  area  has  had  its 
stand  of  merchantable  timber  partly  or  en- 
tirely cut  off  under  methods  which  have  se- 
verely reduced  the  forest's  power  to  renew  It- 
self. In  point  of  fact  a  good  deal  of  what  Is 
classed  as  forest  Is  mere  brushland,  so  devoid 
of  va!up  that  nftentimea  it  !s  not  worth  paying 
taxes  on.  Rich  as  we  are,  we  cannot  aSord 
to  turn  one-third  of  onr  national  estate  Into 
an  artificial  desert. 

But  the  reasons  why  the  treatment  we  give 
onr  forest  lands  la  one  of  onr  great  public 
qupstinns  go  even  de^prr  than  this.  The  yertrly 
addition  to  our  national  wealth  made  by  the 
tense  of  the  eoantty  to.  of  course,  many  times 
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greater  than  that  made  by  its  forests,  which 
as  a  rule  occupy  and  should  occupy  the  land 
of  lowest  prodnctlTe  Talue — ^land  that  to  too 
steep,  high,  rocky,  sterile,  or  wet  for  the  plow; 
but  the  farmer  would  And  it  difficult  to  get 
along  without  ttie  wood,  and  In  much  of  tho 
West  Impossible  to  get  along  without  the  wa- 
ter which  the  forests  furnish.  Again,  more 
of  our  mineral  wealth  Is  converted  Into  moneiy 
each  year  than  of  our  forest  wealth;  but  most 
of  our  mines  simply  could  not  be  worked  with- 
out supplies  Of  timber  In  great  quantltlee. 
Our  streams  and  rivora  are  a  national  asset 
of  a  value  which  we  are  only  beginning  to 
realize;  yet  the  result  of  forest  dostnietlini 
win  be  to  convert  them  frmn  n  bletalng  Into 
a  curse. 

Wood  is  even  more  than  Iron  an  artlde  of 
universal  daily  use,  a  basic  material  in  our  In* 
dustrlal  life.  Let  any  man  imagine  to  him- 
self, if  he  can,  from  the  time  that  he  rises  in 
the  morning  until  he  lies  down  again  at  night, 
how  htf!  own  convenience  and  comfort  and  em- 
ployment would  be  affected — will  be  affected 
— by  a  serious  Shortage  In  the  supply  of  wood, 
and  what  substitutes  could  serve  the  same 
needs.  He  will  then  realize  the  incredible 
blindness  of  those  who  assure  us  that  there  la 
no  rurasion  for  alarm  -that  some  way  will 
be  found  by  an  ingenious  people  to  get  along 
as  well  when  we  have  reached  the  end  of  our 
present  wood  supply  as  we  have  got  along  la 
the  past. 
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It  to  s  sober  tact  that  not  only  the  United 

States  but  the  whole  civilized  world  faces  au 
approaching  tlmber-faml&e.  For  centuries 
Europe  has  be«i .  oousanilUK  more  wood  than 
her  forests  have  produced.  With  an  ever  in- 
creasing density  o{  population  the  excess  ot 
oonaumptfon  over  production  has  tended  also 
to  iucrease.  This  tendency  has  been,  to  some 
degree,  counteracted  by  the  results  of  scien- 
tlflc  forestry,  whleh  has,  for  example*  multi- 
plied by  five  the  average  production  of  wood 
per  acre  on  the  governmentrowned  German 
forests. 

For  the  United  States  no  grsftt  relief  can 

be  counted  on  from  outside  sources.  Con- 
trary to  wide-spread  Impresaioo,  Canada  will 
be  able  to  arturd  ua  at  moat  only  very  tempo- 
rary relief.  Her  area  of  commprolal  forent  Is 
far  smaller  than  it  was  commonly  supposed  to 
be;  tbe  demands  of  her  own  rapidly  develop- 
ing country  will  have  to  be  met  and  thf^re  is 
certain  to  be  increasing  demand  for  Canadian 
timber  in  Great  Britain,  which  haa  only  four 
per  cent,  of  its  area  formated.  The  tropical 
forests  to  the  south  of  us,  like  those  of  the 
Philippine  Islandt.  produce  many  woods  which 
will  be  vRluahlf  to  uh  fny  «pfM-lal  piirposps,  but 
not  such  woods  as  our  general  lumber  market 
celU  for.  Tbe  Siberian  forests,  bceldea  befng 
far  from  ua,  will  he  Rubjeet  to  demands  which 
Will  take  precedence  of  ours.  They  are  also 
like  the  Canadian  forests  In  that,  from  their 
northern  latitude,  they  make  wood  very 
slowly.  Once  cut  over,  they  cannot  have  ready 
a  aecond  crop  for  a  very  long  time.  In  the 
long  rnn,  we  In  the  United  States  will  have  to 
grow  most  of  our  own  wood,  or  do  without. 

One  of  the  purpoees  of  forestry,  though  by 
no  means  the  sole  and  sometinioB  not  the  first 
purpose,  is  to  make  woodland  produce  as 
abundant,  frequent  and  valuable  timber  crops 

as  posi^ible.  In  eoriiiiioii  wHb  farmtnK,  it 
seeks  to  make  tbe  most  of  tbe  resources  pre- 
sented by  the  soli.  Like  farming,  it  improves 
on  nature,  though  not  to  the  same  extent.  A 
cultivated  forest  produces  wood  considerably 
faster  than  a  wild  one.  It  Is  not  aimply  that 
the  forester  removes  the  timber  as  it  matures 
and  converts  it  to  use  Instead  of  letting  It  go 
to  decay;  he  plans  hts  operations  so  as  to  pro- 
duce the  kinds  of  trees  that  ho  wauls,  under 
conditions  which  will  yield  the  highegt  rate  of 
production  and  tbe  best  quality  of  material 
for  the  eiteciflc  purpose  whtch  he  has  In  view. 
The  further  he  can  carry  the  cultivation  of 
the  forest,  the  greater  will  be  the  returns. 
The  flrst  duty  of  the  Forest  Servi<^  is  to 
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protect  the  National  Forests.   These  forests 

are  mainly  virgin  in  the  sense  that  but  little 
of  their  area  has  been  cut  over.  They  are 
not.  however,  virgin  in  the  sense  of  being 
full\'  stocked  with  timber.  A  fully  established 
forest  which  has  never  bcien  interfered  with 
does  not  gain.  It  makes  no  more  wood  by 
Krowth  than  it  loses  by  decay.  Most  ot  the 
forested  area  in  the  West,  however,  has  been 
severely  Interfered  with  for  many  years, 
chiefly  by  fire.  The  most  serious  part  of  the 
damage  caused  by  the  ordinary  forest  lire  la 
that  done  to  the  young  growth,  from  the  tiny 
seedlings  in  their  first  year  up.  To  this  dam- 
age by  fire  muat  be  added  thr-  heavy  damage 
caused  in  the  past  by  the  over-grazing  of  stock, 
and  especially  of  sheep. 

With  the  checking  of  these  and  other  abuses 
through  administration  by  the  Government, 
the  quantity  of  timber  on  the  Nstlonal  Forests 
is  on  the  increase  again.  Even  were  no  tim- 
ber cut.  the  present  supposed  stand  of  3S0.- 
000.000,000  board  feet  of  timber  on  the  Na- 
tional Forests  would  be  adding  very  mnte- 
rially  to  its  quantity  each  year  that  Urns  are 
kept  out.  It  may  be  said  In  passing  that  tbe 
fire  loss  on  these  forests  is  now  reduced  almcMt 
to  a  uegllgble  figure.  If  tbe  entire  cost  of  the 
forest  administration  for  the  last  llscsl  year 
were  charged  to  the  aeronnt  of  Are  protertlon, 
it  would  be  equivalent  to  an  insurance  charge 
of  something  like  $t  per  $1,000. 

To  bring  the  forests  to  their  full  productive- 
ness, however,  tbey  must  be  cut  over.  The  ax 
is  the  forester's  hoe  as  well  ss  his  scythe. 
Reaping  and  sowing  are  uRually  for  him  one 
and  the  same  operation,  and  cultivation  is 
seeompllshed  by  getting  rid  of  whet  he  does 
not  want.  There  were  cut  from  the  N'at:  iiriT 
Forests  during  the  last  fiscal  year  the  equiva- 
lent of  a  little  over  280.000.000  board  feet  of 

timber.  This  involved  rutting  ojiernt[(»ns  nn 
slightly  less  than  360,000  acres  of  land,  or 
about  one  four-hundredth  of  the  total  area  ot 
the  Government's  forests.  Tn  other  words, 
hardly  a  b^inning  has  been  made  In  bringing 
the  forests  to  their  highest  productiveness 
through  use,  and  their  reserve  of  mature  tim- 
ber haa  scarcely  been  touched  by  the  opera- 
tions under  way. 

Timber  cutting  on  the  National  Forests  haa 
hitherto  been  done  almost  entirely  by  what 
foresters  call  the  "selection  method."  This 
takes  out  only  a  part  of  the  trees  and  leaves 
the  rest  to  grow  more  rapidly  as  a  result  of 
the  opening  up  of  tbe  forest,  while  permitting 
also  the  seeding  up  of  the  ground  with  new 
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AX  EXAMPLE  OF  GOOD  FORESTRY.  BUACK  HILLS.  S.  D.    CUTTING  TO  TJ  INS. 

WITH  A  FINK  CLEAN-UP. 
(Froin  a  Forest  Service  photograph  loaned  by  "American  Industrie*.") 


growth.  Each  tree  to  be  cut  is  selected  by  a 
forest  officer,  and  stamped  at  the  base  of  the 
stump,  and  again  at  the  breast  height.  If  the 
cutters  fell  any  trees  which  were  not  marked 
for  them,  the  absence  of  the  "U.S."  stamp  on 
the  stump  betrays  the  fact  to  the  Government 
inspector,  and  the  persons  responsible  ar& 
brought  to  book.  By  this  method  of  cutting 
the  actual  practice  of  forestry  is  being  gradu- 
ally introduced.  This  means  not  merely  that 
the  tlipber  is  protected  nor  merely  that  it  is 
made  use  of  as  it  matures,  but  also  that  it  is 
cultivated  like  a  crop  in  order  to  get  as  much 
as  possible  out  of  the  land. 

The  total  cut  from  the  National  Forests 
during  the  last  fiscal  year  (280,000.000  board 
feet)  was  insignificant  in  comparison  alike 
with  the  total  timber  cut  of  the  country,  the 
total  stand  of  Government  timber,  and  the 
yearly  productive  capacity  of  all  the  forests 
when  they  have  been  brought  undrr  manage- 
ment. Balancing  one  thing  against  another, 
the  Government  has  undoubtedly  not  lessened 
its  stock  of  timber  in  consequence  of  the  cut- 
tings made  during  the  year,  but  on  the  con- 


trary hag  much  more  now  than  it  had  a  year 
ago.  A  great  jiart  of  the  increase,  however, 
has  been  on  timber  which  has  not  yet  reached 
merchantable  size,  This  suggests  one  of  two 
important  reasons  why  It  may  not  be  safe  to 
cut  right  along  as  much  wood  as  grows,  tak- 
ing the  forests  as  a  whole.  The  first  reason 
is  that  it  will  do  the  country  no  good  some 
years  hence  to  know  that  the  forests  are  mak- 
ing a  certain  amount  of  wood  per  year,  if  it  is 
all  In  sizes  not  big  enough  to  cut  to  advan- 
tage. The  second  is  that  it  is  necessary  to 
forerast  the  needs  locally.  The  inhabitants 
of  Arizona  will  find  it  small  consolation  to 
them  in  the  future  to  be  told  that  there  is  a 
large  supply  of  timber  remaining  in  Washing- 
ton if  their  own  forests  have  nothing  for  them. 
Such  problems  as  these  the  Forest  Service  Is 
preparing  to  meet.  It  Is  too  much  to  hope 
that  mistakes  will  not  be  made.  Forestry  re- 
quires so  long  a  look  ahead  that  the  best  cal- 
culations are  likely  to  be  disturbed  throuKh 
changes  In  conditions.  The  point  is  that  with 
the  best  provision  possible  the  public  will  lie 
vastly  better  off  than  with  no  provision  at  all. 
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POSSIBIUTIES  IN  THE  ELECTRIC  SMELTING 

OF  IRON  ORES* 

By  ALFRED  STANSFIELD 


In  view  of  the  many  recent  attempts  that 
hare  been  made  to  employ  electrical  energy  in- 
stead of  fuel  for  the  Bmelting  of  iron  ores,  it 
appears  worth  while  to  indicate  what  can  prob- 
ably be  accompIiBhed  in  this  direeUon,  the  man- 
ner in  which  the  succeaatnl  faanlts  can  be  ob- 
tained, and  the  advantagea  and  drawbacks  of 
the  electrical  proceea. 

Electrical  energy  has  recently  been  employod 
to  replace,  in  metallurgical  operations,  tbo  heat 
which  is  ordinarily  obtaincti  by  burning  fuel. 
H  la  somewhat  expensive,  and  was  naturally 
employed  at  first  for  the  production  of  thb 
more  valuable  products,  such,  as  crucible  steel, 
which  is  used  for  tools,  where  the  cost  is  of 
Importanrc.  The  idectrlfal  production  of 
cast  steel  for  tools  and  similar  purpu&es  may 

b«  acoonndtehed  In  two  waye— (1)  by  melting 

down  purp  varieties  of  iron  and  steel  with 
suitable  additions  of  carbon  and  other  ln> 
gredlenta,  fmA  aa  In  tbe  eruelbto  proeew,  bvt 
iipfnfT  flfctrlcal  energy  for  heating  Instead  of 
coke  or  gas;  (2)  by  melting  a  mixture  of  pig 
Iron  and  acrap  ateel  aa  In  tbe  open-hearth  pro- 
CPs'?,  and  removing  the  Impnrith-'R,  siirh  as  sul- 
phur and  phosphorus  so  thoroughly  by  wash- 
ing with  basic  slaga  that  a  pure  Iron  ia  at  laet 
ohtninnd.  This  ran  bf  recarburized  and 
poured  into  moulds.  Both  these  methods  are 
employed  commercially  for  tbe  production  of 
Kood  (lualities  of  tool  steel.  The  larger  sizes 
of  electrical  furnaces  already  constructed  hold 
6  to  10  tons,  while  the  craclble  only  holds 
a))ont  ^'1  lbs.,  and  the  hii:h  .  fflrirnrv  of  the 
electrical  method  of  heating  more  than  com- 
pensates for  the  greater  cost  of  electrical  en- 
CTRv  as  compared  with  heat  doriw  d  from  fupl. 
Tbe  steel  is  found  to  be  even  better  than  cru- 
cible steel,  and  can  be  produced  at  less  coat 
It  is.  thtTofore,  only  a  question  of  time  until 
tbe  crucible  process  shall  be  replaced  by  tbe 
eleptrical  process  In  alt  localities  where  olao- 
tricai  energy  can  be  produced  at  a  moderate 
figure. 

Two  forms  of  electrical  furoace  bave  been 
userl  for  making  cast  steel: — (1)  tb«  H«rotilt 

,,1)  I.  '  il  f">lii  :i  ivifHT  rcarl  b'  fore  lh«  OtISWS 
l""'tluK  of  tUi-  l-'auadian  Mlulns  lustilU!*-. 
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Steel  furnace,  which  resembles  an  open-heartb 
furnace,  through  the  roof  of  which  hang  two 
large  carbon  electrodes.  Electrical  connec- 
ttona  are  made  to  these  carbon  electrodes  and 
electric  area  are  maintained  between  tlio  lower 
end  of  eaidi  eleotrode  and  the  molteil  Slag  in 
the  furnace,  thus  producing  the  necessary  heat. 
This  form  of  furnace  has  been  found  to  bo 
suitable  for  tbe  process  in  which  pig  Iron  and 
scrap  steel  are  melted  together  and  refined. 

A  different  form  of  furoace  has  been  de- 
vised in  which  no  electrodea  are  required. 
This  furnacp  coneists  of  an  annular  shaped 
trough  cuutuiuiug  the  steel.  The  ring  of  steel 
acts  as  the  secondary  of  an  electrical  trans* 
former,  .^n  alternating  current  is  supplied  to 
a  primary  winding,  and  the  primary  wludlng 
and  the  ring  of  ateel  encircle  an  iron  core,  aa 
in  the  ordinary  transformer.  The  alternating 
current  in  the  primary  circuit  induces  a  large 
alternating  current  in  tbo  aeoondary  elrenlt, 
the  rlnf^  of  Rteel,  and  enoiii»h  heat  Is  produced 
to  melt  the  steel.  This  type  of  furnace  has 
been  constructed  lately  holding  as  mveb  as 
S  tons  of  steel  and  consuming  l.t^OO  R.  TIP. 
It  is  apparently  suited  for  the  process  of  melt- 
log  down  pore  iron  or  ateel  aa  In  tbe  crodblo 

prore.^s. 

The  energy  needed  in  these  furnaces  is  about 
8€0  or  900  KW.-bra.  per  ton  of  ateel.  using 

cold  stock,  or  600  or  70n  KW.-hr.<?.  when  the 
pig  Iron,  usually  a  part  of  the  charge.  Is  sup- 
plied molten.  This  amount  of  electrical  on* 
t  I  py  rosts  more  than  the  coal  used  in  producing 
tbe  same  amount  of  steel  in  the  open-hearth 
furnace,  hut  the  ateel  la  more  valuable  tboa 
the  opt'ii -hca rth  Ptoel. 

In  reducing  iron  ore  to  a  metal  In  the  small 
furnace  or  hearth  used  by  the  ancient  metal* 
lurglsts.  iron  can  be  obtained  In  a  relatively 
pure  state,  such  as  wrought  iron,  but  in  the 
blast  furnace  the  coke  needed  for  tbe  prodno- 
tion  of  heat  carburl/es  tbe  iron,  producing  pig 
Iron.  In  the  electric  furnace,  however,  fuel  ta 
not  used  for  producing  heat,  since  this  Is  ob> 
talned  electrically.  Some  cartiouaeeous  ma- 
terial must  be  added  to  the  charge  to  eliminate 
the  oxygen  of  the  ore  yielding  metalHe  IroB. 
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but  the  atuouiit  of  this  rnateria!  can  be  regu- 
lated tx>  yield  pure  iron,  steel  or  pig  Iron  at 

win. 

Although  thi8  has  hecn  realized  by  the  pio- 
neers in  tlie  electric  smelting  of  iron  ores,  cer- 
tain diffleultlea  In  the  operation  baTe  led  tbem 
to  smelt  the  ore  for  the  production  of  pig  iron 
instead  ot  (or  tbe  production  ol  steel,  altbough 
tli«  dlttef«iioe  tn  price  of  these  materials  would 
be  suflUclent  to  pay  for  all  the  electrical  energy 
needed  tor  the  direct  production  of  steal  from 
Iron  ore,  and  it  Is  surprising  that  this  more  at- 
tractive proposition  bas  not  gained  more  atten- 
tion from  metallurgists. 

A  number  of  experiments  have  been  made 
on  the  direct  reduetton  of  steel  from  iron  ore 
in  the  electric  furnace,  but  tbe  most  satisfac- 
tory work  that  has  been  accomplished  relates 
to  tbe  production  of  pig  Iron  from  the  ore, 
carried  out  by  hISroult,  Keller  and  others. 
Tbe  furnaces  they  have  adopted  are  similar  to 
the  one  employed  by  H<5roult  recently  in  the 
pxperlmpnts  at  Snult  Ste.  ^farie.  This  con- 
uisiud  o(  a  vertical  shaft  similar  to  a  email 
blast  fumaee.  In  which  hung  a  central  carbon 
and  served  as  one  electrode,  the  electric  cur- 
rent passing  between  tbe  hanging  electrode 
and  the  molten  metal  in  the  crucible  of  the  fur> 
nace.  The  ore.  with  fluxes  and  carbon  suf- 
ficient for  its  chemical  requirements,  was  fed 
in  around  tbe  Tertieal  electrode,  and  became 
heated  and  melted  by  the  heat  produced  by  the 
passage  of  tbe  current.  The  current  in  this 
fumaoe  inrodnoes  enough  heat  to  earry  out  the 
chemical  reactions  involved  in  the  rertnctlon  of 
the  ore  to  metal,  and  tbe  fusion  ot  the  result- 
ing pig  iron  and  slag.  The  earbon  Is  required 
for  the  reduction  of  Iroa  oxide  to  metal  and 
for  tbe  carburization  of  the  metal  to  form  pig 
iron. 

The  Keller  furnace  is  iiractically  the  same 
as  tbe  H^roult  furnace,  except  that  it  consists 
of  two  shafts  instead  of  one  and  that  theee 
two  shafts  are  worked  In  conjunction  with  ore 
another,  the  current  entering  through  the  ver- 
tical electrode  in  one  shaft  and  leaving  by  the 
\prtlcal  electrode  In  the  other  shaft.  A  con- 
necting trough  or  passage  enables  tbe  electric 
current  to  flow  from  one  part  of  the  fumaoe  to 

the  oflier.  and  serves  to  collect  the  r<'Sultlng 
pig  iron  and  slag  from  both  of  the  shafts. 
This  has  the  advantage  of  using  a  higher  volt- 
age  thrtn  the  siuRle  shaft  furnace  of  TIfiroult. 
(For  further  description  ot  the  various  types 
of  electric  furnaces  see  Eng.  Dig.,  Vol.  III.. 
No.  [(,  2  77.1  The  results  of  nperatins  fur- 
naces of  this  class  show  a  consumption  of  elec- 


trical energy  of  about  0.3  iiP.-yr..  and  about 
800  or  900  lbs.  ot  coke  or  good  charcoal  per 
long  ton  of  pig  iron.  Suppoetng  that  tbe  gen- 
eral costs  of  operating  this  furnace  and  the 
blast  furnace  were  equal,  these  figures  would 
indicate  that  the  electriod  fumaee  would  need 
to  obtain  energy  at  a  cost  per  HP.-yr.  of  less 
than  that  of  two  tons  of  coke  in  order  to  com- 
pete with  the  blast  furnace.  Thus,  If  coke 
costs  $3  a  ton  and  electrical  energy  |5  per 
HP.-yr.,  the  cost  would  be  about  the  same  by 
the  two  processes,  and  with  power  at  $12  per 
HP.-yr.,  the  electric  furnace  could  not  compete 
with  tbe  blast  furnace  unless  the  price  ot  coke 
were  as  high  as  $7  per  ton.  Tn  considering 
these  figures  It  should  be  remembered  that  the 
beating  power  of  one  E.  HP.-yr.  is  about  tbe 
same  as  that  of  three-quarters  of  a  ton  of  good 
coal  or  coke,  assuming  that  the  latter  is  com- 
pletely burned.  Looked  at  from  this  point  of 
view,  it  will  be  obvious  that  even  these  small 
and  admittedly  imperfect  electric  furnaces  are 
more  economical,  that  Is  to  say,  they  use  the 
beat  better  ibau  the  large  blast  furnaceB. 

Tbe  electrical  furnace  possesses  certain  ad- 
vantages over  the  blast  furnace,  which  In  some 
cuBes  may  override  the  high  cost  of  electrical 
power.  One  is  Its  abllltjr  to  use  without  much 
trouble  ores  of  a  sandy  or  powdery  cbarncter. 
This  ability'  depends  upon  tbe  absence  of  a 
blast  in  the  electrical  furnace.  In  the  blast 
furnace  powdery*  ores  are  liable  to  be  blown 
out  of  the  furnace  by  the  blast,  or  to  obstruct 
the  passage  of  the  blast  through  the  furnace. 
In  the  electric  furnace  there  is  no  blast  intro- 
duced, and  these  difficulties  are  leaa  serious. 
Another  advantage  of  the  electric  furnace  is  in 
regard  to  the  smelting  of  tltanlferous  and  other 
ditncultly  fusible  ores,  in  tbe  blast  furnace 
these  ores  may  give  trouble  on  account  of  the 
slag  becoming  pasty,  but  In  the  electric  furnace 
it  i.s  possible  to  obtain  a  higher  temperature 
and  thus  overcome  dtfllculty  of  this  kind.  The 
lilgh  tempt  rature  obtained  In  the  electric  fur- 
nace is  advantageous  in  regard  to  tbe  treat- 
ment of  sulphurous  ores,  in  the  inm  blast 
furnace,  the  sulphur  In  the  coke  or  the  ore  Is 
prevented  from  entering  tbe  pig  iron  by  the 
presence  of  lime  and  by  maintaining  strongly 
reducfug  crindif ifins  in  (he  furnnce:  the  lime 
then  forms  calcium  sulphide,  which  passes  into 
the  slag.  In  the  electric  furnace  the  higher 
tempi  rntiin  s  enable  a  larger  proportion  of 
lime  to  be  used,  and  even  more  strongly  re- 
ducing conditions  to  be  obtained  than  in  tbe 
blast  furnace  and  large  amounts  0(  Sttlphur 
can,  therefore,  be  eliminated. 
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Another  point  iu  that  the  electric  furnace 
does  not  require  a  very  htgh  qiialftjr  of  eoke  W 
fuel.  In  the  bJaKt  furnace  a  soft  or  powdery 
coke  becomes  crushed,  obstructs  tbe  action  of 
the  furnace,  end  is  leas  eOelent  tban  a  barder 
varletv;  but  in  the  electric  ftirnncp.  where  the 
colce  is  needed  merely  as  a  chemical  reagent, 
any  ooaTenlent  form  of  carbon  can  be  em- 
ploypfl — coke,  charcoal  or  small  anthracite — 
and  probably  in  improved  furnaces  such  fuel 
aa  peat,  aawduat  or  soft  coal  eould  be  utUlsed 

for  reduction. 

From  a  commercial  point  of  view  the  elec- 
tric furnace  inroducinc  pig  Iron  has  many  difli- 
culties  to  overroriie  before  it  can  oouipete  suc- 
cessfully with  the  blast  furnace.  One  dlfQculty 
Is  tbe  small  scale  on  wblcb  the  electric  famaoe 
has  so  far  hefn  constructed.  In  the  H^roult 
furnace  tbe  height  of  the  shaft  is  limlteii  by 
the  length  of  the  electrode  Introduced  Into  It. 
Mnro  recent  furnaces  have  been  designeJ  by 
Dr.  Haanel  and  by  Mr.  Turabull,  In  which  this 
difficulty  has  been  overcome  by  a  system  of 
inclined  or  lateral  shafts  down  Avhich  the  ore 
passes,  so  that  the  electrode  does  not  hang 
down  tbe  whole  height  of  the  ore  column.  An- 
clher  weak  ))uiiit  in  the  construction  of  the 
electric  furnace  la  that  no  provision  is  made 
for  utilizing  tlie  carbonaceous  gases  which  es> 
cape  at  the  top  of  the  furnace.  In  the  Turn- 
bull  furnace,  however,  it  is  proposed  to  utilise 
the  gas  by  burning  It  In  a  rotating  tube  fur* 
nace  down  which  the  ore  passes  before  it  en- 
ters the  electric  furnace  and  is  mixed  with  the 
ehareoal.  In  this  way  the  heat  available  will 
be  utilized,  and  an  economy  is  the  working 
Ofay  be  expected. 

Tn  tIpw  of  tbe  importance  of  reducing  tbe 
consumption  of  fuel  and  electrical  energy,  the 
writer  has  calculated  what  could  be  expected 
if  tbe  gases  arla'ng  from  the  reaction  between 
the  chanoa!  and  the  ore  were  used  partly  for 
the  reduction  of  the  ore  and  partly  for  pre- 
heating tbe  ore.  Such  a  result  could  be  at- 
tained in  a  furnace  consisting  of  three  parts. 
In  thf*  upper  part  the  waste  gases  are  burned 
by  air  introduced  there  and  communicate  their 
heat  to  the  incoming  ore  to  which  tbe  fluxes 
have  been  added.  In  the  middle  portion  of  the 
furnace  tbe  gases  arising  from  the  lowest  por- 
tion react  on  the  heated  ferric  oxide,  if  that 
were  tlio  \arietv  of  fir»'  to  be  irr>;(t''f|.  and  re- 
duce it  to  ferrous  oxide.  The  charcoal  Is  in- 
troduced In  the  lowest  section  of  tbe  furnace 

and  completes  the  r.  rlii'-f Ion  of  th>->  ore.  K!e"- 
tric&I  energy  is  iuiroducei  into  this  section  of 
the  furnace  and  serves  to  melt  the  resulting  pig 
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iron  and  slag,  and  to  supply  the  beat  necessary 
for  the  preceding  chemical  reactions.  In  a 
furnace  of  this  kind  It  can  be  calculated  that 
taking  into  account  the  loss  of  heat  and  allow- 
ing for  the  Irregularity  In  the  electrical  power, 
one  ton  of  pig  Iron  can  be  obtained  from  an 
average  ore  by  the  use  of  0.25  HP.-yr.  and  600 
to  800  lbs.  of  coke  or  charcoal. 

Considering  these  figures,  it  will  be  .neon 
that  the  use  of  0.25  E.  HP.-yr.  will  save  «bout 
2/3  of  a  ton  of  coke,  or  that  1  B.  HP.-jrr. 

should  not  cost  more  than  2  2/2  tons  of  coke, 
if  tbe  electrical  furnace  is  to  compete  with  the 
blast  furnace.  Thus,  an  electrical  HP.-yr.,  at 
$12,  would  correspond  to  coke  at  $4.r(0  a  ton. 
The  considerations  in  regard  to  the  use  of 
cheaper  fuel  and  cheaper  ore  In  the  electric 
furnace  would  also  apply  In  this  case,  and  with 
improved  design  and  consiructiou  the  size  of 
the  dectrie  furnace  may  be  increased  to  adroit 

of  a  large  and  economical  output  of  iiig  iron. 

The  direct  reduction  of  steel  from  tbe  ore 
has  been  carried  out  by  Stasssno  and  others, 
but  no  economical  scheme  for  this  purpose 
has  been  put  into  operation  on  a  large  scale. 
The  Stassano  furnace  consists  of  a  chamber, 
about  one  and  one-cmarter  cubic  yards,  lined 
with  magnesite  bricks.  The  ore,  mixed  with 
the  necessary  fluxes  and  charcoal  for  Its  reduc- 
tion and  made  up  into  briquettes.  Is  placed  in 
this  chamber,  and  heated  by  an  electric  arc, 
maintained  above  the  ore.  In  this  furnace  it 
Is  possible  to  reduce  the  ore  to  metal  and  to 
remove  any  impurities,  such  as  sulphur  and 
phosphorus,  although  Stassano  did  not  demon* 
strate  this  as  the  ores  he  employed  were  very 
pure.  The  method  of  heating  the  ore  Is.  how- 
ever, uneconomical.  .  Steel  has  also  been  ob- 
tained directly  from  the  ore  by  the  Hdrault 
electric  furnace,  but  the  process  was  uneco> 
nomlcal  and  pig  and  scrap  were  therefore  used. 

In  the  direct  reduction  of  iron  ore  to  steel 
tbe  following  difficulties  should  be  borne  in 
mind:  — 

1.  The  diffleolty  of  eliminating  sulphur, 
when  this  Is  present  In  the  ore,  the  blast  fur- 
nace producing  pig  iron  being  far  more  ef- 
ficient In  this  particular  than  a  steel  furnace, 
such  as  the  open  hearth.  It  may  possiblv  be 
necessary  on  this  account,  only  to  use  ores 
relatively  free  from  aulphur  In  the  direct  pro- 
duetion  of  steel. 

S.  Another  dlfQculty  lies  in  tbe  different 
conditions  required  for  the  reduction  of  the 
ere  nnd  the  final  refining  treatment  to  which 
the  resulting  steel  must  be  subjected.  Thus 
tbe  operation  of  making  steel  most  alwaya  be 
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Irtermlttent  tn  dianct«r,  whlto  tha  reduetlOtt 
of  ore  in  tb»  bliaC  furnace  Is  a  oontlnuoui 

operation. 

Until  these  and  otiier  dIffictiltleB  have  been 
OTeroome.  It  la  Dot  likely  that  we  shall  have 
KBj  lucoesBful  production  of  steel  directly  from 
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iron  ore  on  a  oommerdal  scale.  At  present 
the  most  satisfactory  method  appears  to  be 
that  of  reducing  the  ore  to  pig  Iron  in  one 
furnace,  and  turning  thta  Into  ateel  In  *  s^ 
a  rate  furnace  as  in  ordinary  metallurgloal 
practice. 


THE  PROBLEM  OF  ROAD  CONSTRUCTION 

A  CONSIDERATION  OF  MODERN  AND  FUTURE  REQUIREMENTS 
By  DR.  H.  S.  HELE^HAW.  F.  R.      and  DOUGLAS  MACKENZIE 


Quite  apart  from  the  mechanical  features  of 

road  loromotlon,  involving  a  necessity  of  re- 
form In  road  conatruction,  there  is  the  under- 
lying cause  of  the  increase  In  the  use  of  roads 
to-day,  the  cause  In  question  being  tbO  growth 
of  railway  traffic  to-day. 

While  the  raflwajrs  are  truly  the  arteries 
and  veins  of  the  nation,  and  have  as  snch  re- 
ceived great  attention,  very  much  less  consid- 
eration has  been  given  to  the  ordinary  roads, 
which  might  be  considered  as  the  capillaries 
or  feeders,  and  which  are  just  as  vital  to  the 
satisfactory  working  of  the  system  of  Internal 
transport  as  a  whole. 

The  object  of  the  present  paper  is  to  con- 
sider the  problem  of  road  construction,  and 
particularly  as  to  how  far  the  various  Im- 
prOTements  in  the  methods  of  road-making 
which  have  been  devised  and  put  Into  opera- 
tion since  the  passing  of  the  JAght  Looomo- 
tives  Act  of  1896  satisfy  modem  reQuirements. 
Also  what  progress  the  various  new  systems  of 
road  construction  have  made  towards  stand- 
ardization of  TOodprn  rond-niakinK  comparable 
with  that  arrived  at  by  the  pioneers,  Telford. 
Macadam,  and  others  in  their  day,  for  th^ 
traffic  conditions  of  their  day. 

As  long  as  the  speed  of  vehicles  was  slow, 
the  axle-load  moderate,  and  the  tractive  effort 
was  not  df^rlvpd  from  thp  wheel  itself,  the 
surface  of  a  road,  even  when  carrying  a  con- 
siderable amount  of  tratBc,  could  be  kept  In 
fairly  good  condition  by  means  of  a  moderate 
annual  expenditure,  even  when  the  surface 
was  not  very  hard,  nor  the  substance  of  it 
impervlouR  to  moisture. 

Under  the  changed  conditions  of  today,  how- 
ever, the  iaoreaaed  expenditure  has  been  so 
great  as  Jnstly  to  alarnk  the  authbrltles 
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throughout  the  country  responsible  for  the 

use  of  the  roads. 

Mr.  Howard  Humphreys,  in  a  paper  read 
recently  before  the  Society  of  Road  Traction 
Engineers,  gave  some  \aluable  data  on  the 
subject.  Some  of  these  facts  are  worth  sum- 
maritlng.  Thus  the  Increase  of  cost  In  main 
roads  in  thirteen  years,  from  1S9  2  fo  1905, 
bad  Increased  66.66%.  The  urban  and  rural 
roads  between  the  twelve  months  ending 
March  ."il,  1S96,  showed  the  cost  of  25,650 
miles  of  main  road  to  be  |332  per  mile;  last 
year  the  cost  of  27.380  miles  of  main  road 
was  $440  per  mile,  being  an  increase  of  30.51<rr. 
These  data  all  tell  the  same  tale,  and  that 
tale  is  one  which  can  only  be  heard  with  the 
gravest  concern,  since  from  It  two  things  are 
quite  evident. 

(1)  That  the  rate-paying  possibilitlee  in 
country  districts  will  not  be  OQual  to  a  much 
further  rise  in  expenditure,  e%en  if  they  can 
continue  to  meet  the  charge  what  it  has  risen 
to  at  present. 

f2)  Thn.t  <?f>  far  fruni  having  reached  a 
state  of  linaliiy  in  regard  lo  mulor  traffic,  the 
Increase  In  expenditure  is  merely  due  (or  to 
a  large  extent  due)  to  what,  might  be  called 
light  motor  traffic.  Heavy  motor  traffic  Is  yet 
In  a  comparatively  undeveloped  state,  with 
pofslhle  Increase  before  it  far  exceeding  that 
of  the  future  of  light  traffic 

It  la  not  to  be  wondered  at  that  pnblte  at- 
tention Is  bftnir  fittraetod  to  a  matter  which 
touches  everyone  so  vitally,  though  It  is  prob- 
able that  the  dust  nttlsance~-»s  It  Is  very 
properly  called — has  really  had  more  to  do 
with  the  public  Interest  in  the  road  question 
than  the  matter  of  the  increased  eoet  of  their 
upkeep,  though,  as  will  he  shown,  the  pfTielent 
road  must  really  be,  as  a  natural  concomitant, 
a  dnstless  one. 
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Proposals  have  recently  been  made  for  the 
nationalization  of  the  roads,  and  for  the  taxa* 
tlon  of  motor  vehicles  for  road  improvement 
and  maintenance.  With  tht  se  (luestioos  the 
present  paper  does  not  deal,  but  rather  with 
the  equally  important  one  as  to  what  is  the 
bMt  way  of  dealing  with  road  conatruetloii 
from  the  engineering  point  of  view,  so  as  to 
secure  the  most  efficient  road  at  the  lowest 
cost 

There  is  only  o'ip  vi-rIIv  sound  wr>v  of  an- 
proachlng  the  problem  ox  construcUuu,  aad 
tbat  Ih  to  regard  the  road  as  one  element  of 
a  mechanical  contrivance,  of  whkli  the  wheel 
is  the  other  element.  This  aapt^ct  of  the  mat- 
ter Monui  too  often  to  be  entirely  overlooked. 
Inventors  of  a  wheel  and  the  makers  of  a 
road,  respectively,  too  often  treat  their  part 
oC  the  prolilem  vlthont  referenee  to  tbo  ot&er 
part,  whereas  tbeee  parts  are  only  tiro  lialves 
of  a  whole. 

More  than  thirty  year*  ago  there  was  trnns- 
latod  from  the  German,  by  Prof,  (now  Sir 
Alexander)  Kennedy,  the  "Kinematics  of  Ma- 
^nery,"  of  Prof.  Reuleanx,  and  In  that  wortc 
for  the  first  time  the  true  conception  of  a 
machine  was  set  forth.  We  now  realize  that 
the  action  of  a  rope  on  a  palleiy.  water  In  a 
hydraiiHo  system,  or  a  wheel  on  a  road,  might 
be  considered  as  much  cases  of  machinal  action 
as  that  of  the  two-tooth  wheels  working  In 
contact  with  each  other.  It  was  truly  said 
in  the  above  work:  "A  machine  may  be  per- 
fect, or  may  contain  more  or  fewer  tmper' 
fectlons;  It  aproaches  perfection  Juet  In  pro- 
portion as  it  corresponds  to  what  we  have 
recognised  ss  Its  special  object— the  spedsl 
end  for  whkh  it  has  been  constructed." 

Now  the  special  end  tor  which  two  elements 
In  the  ease  of  a  pair  (a  higher  pair  as  ft  Is 
called  ill  the  case  of  rolling  contact)--Tl7  . 
the  wheel  and  the  road  are  designed — la  that 
they  may  ran  smoothly  and .  In  contact  with 
each  other,  resisting  considerable  mutual  pres- 
sures without  permanent  deformation  and 
without  andne  wear  or  1<m8  of  energy.  Th» 
ideal  condition  of  things  Is  obviously  that  In 
which  a  perfectly  hard  and  perfectly  circular 
wheel  runs  on  a  perfectly  hard  and  level  road. 
It  might  be  said,  therefore,  that  a  steel  wheel 
and  a  steel  road  would  be  suitable  as  in  the 
case  of  railway  practice.  As  a  matter  of  fact, 
^nlte  apart  from  the  pradJoal  qnestlon  of  the 
cost  of  such  a  road,  there  are  (juestlons  of 
adhesion,  in  the  matter  of  gradients  as  well 
as  steering,  that  make  a  metal  road  quite  out 
of  the  qnestlon.  Assumlngt  then,  that  a  really 


hard  road  cannot  be  obtained,  it  may  be  at 
once  said  tbat  if  a  moderately  hard  road  could 
be  kept  level  and  entirely  free  from  all  uneven- 
ness  of  surface  there  could  be  nothing  better 
than  a  truly  circular  niotal  whwl,  and  such 
a  wheel  being  cheap  and  durable  would  doubt- 
less be  universally  employed. 

But  a  thing  so  desirable  as  a  truly  level 
surface  is  exactly  mbat  it  is  impossible  to 
maintain,  and  It  Is  In^  order  to  mitigate  the 
shocks  caused  by  the  tendency  to  deflect  a 
vehicle  from  its  movement  in  the  straight 
course  that  yielding  material  sn^  as  solid 
rubber  or  pneumatic  tfres  are  employed  on  the 
periphery  of  a  wheel.  Now  we  cannot  em- 
ploy this  soft  material  without  paying  the 
penalty,  not  merely  of  wearing  the  wheel,  but 
of  wearing  the  road  itself,  and  as  a  matter  of 
fact  insomneh  aa  the  contact  between  the 
wheel  and  the  road  depart.s  from  a  point  In 
the  side  elevation,  or  a  line  looked  at  in  plan, 
by  so  much  is  wear  between  the  surtiaees  In 
contact  Introduced.  In  the  next  place  let  us 
consider  what  goes  on  beneath  the  surface. 
If  the  road  Is  not  hard,  then  a  certain  amount 
of  deformation  must  take  place. 

The  Injury  done  by  this  deformation  will 
depend  on  two  things; 

(11  The  depth  to  which  it  will  extend 
(i.e.,  magnitude  of  deformation). 

(2)  The  extent  of  permanent  dlslnt^m- 
tlon  of  (he  Internal  substance  of  the  road. 

It  is  obvious  from  the  foregoing  remarks 
that,  both  as  far  as  the  surfSoe  Is  concerned 
and  also  the  body  of  the  road,  what  Is  r^i- 
qulred  is  a  tough  elastic  material,  or  it  on  the 
score  of  expense  It  Is  Impossible  to  hsTS  vwSk 
a  material  for  the  whole  of  the  road,  then 
the  material  of  which  the  road  la  actually 
composed  should  be  cemented  or  bound  to- 
gether by  such  a  material. 

In  any  case,  as  the  road  Is  exposed  to  the 
action  of  the  weather,  one  of  the  very  first 
conditions  of  its  efficiency  Is  that  It  must  be 
waterproof,  and  that  the  surface  must  be  suffi- 
ciently hard  to  prevent  as  much  as  possible 
the  formation  of  liquid  material — let  us  call 
it  mud — in  wet  weather,  and  loose,  finely-di- 
vided particles — let  us  say  dust — in  dry 
weather. 

Quite  apart  from  the  question  of  irregu- 
larities on  the  surface,  whidi  will  not  be  con- 
sldered,  the  difference  between  the  perfMt 
rolllnp  of  a  hard  wheel  on  a  smooth  surfae*. 
In  the  case  where  either  the  wheel  or  the 
road,  or  both,  are  soft,  denutadi  attention  la 
the  study  ot  road  constmctloD. 
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ReatrlcttoBB  liave  vftry  properly  b«en  de- 
vised and  are  enforced  by  law  with  a  view 
of  protecting  the  roads  from  undue  destruo- 
Uoii  hf  vheels;  but  ft  Is  clear  that  Jtivt 

thfro  are  (itnnarula  made  for  road  improvement 

on  the  one  hand,  so  will  demands  be  made 
and  YtgorouRly  voiced  for  farther  reetrtetlone 

In  the  matter  of  wheels  on  the  other.  The 
use  of  studded  tire*  1«  a  case  in  point,  and 
the  authors  think  that,  fsonoemlnK  Its  nee, 
road  sur\eyors;  have  a  just  grievance  at  the 
present  time.  The  new  studded  Ure  with  pro- 
jecting eteel  etude  and  rotated  by  an  engine 
of  40  to  60  HP.  is  capable,  In  passing  along 
the  road,  especially  in  climbing  hills  at  a 
high  rate  oC  speed,  of  doing  a  eonalderable 
amount  of  damage  to  the  surface  of  a  road, 
and  when  scores,  if  not  hundreds,  of  such 
tires  pass  along  one  piece  of  road  in  a  day. 
It  la  obvious  that  there  Is  no  road  surface, 
unless  made  of  steel  itself,  that  would  not 
be  cut  to  pieces  in  a  short  time  by  such 
means. 

With  regard  to  the  types  of  heavy  commer- 
cial vehicles,  it  Is  certain  that  unless  the  diam- 
eter of  their  wheels  is  increased,  they  wlU 
form,  as,  this  class  of  traffic  Increased  in  fu- 
ture, a  very  serious  problem  to  the  road  con- 
structor. It  to  astonishing  how  much  the 
Injury  to  a  road  surface  is  reduced  by  the 
comparatively  small  increase  in  the  size  of 
wheela  of  ateam  tractora,  wlilcli  only  average 
about  4  ft.  6  Ins.  In  diameter,  as  against  3  ft. 
6  ins.  of  a  keavy  motor  vehicle.  Of  course, 
eiven  better  eomparatlve  reaulta  are  obtained 
with  the  much  larger  wheels  of  the  heavy  trae- 
tlon  engine,  and  the  authora  do  not  think  It 


la  going  too  far  to  aay  that  If  the  vrbeete  of 

such  traction  engines  were  not  of  the  size  they 
are,  the  passage  of  one  such  traction  engine  on 
a  road,  In  certain  states  of  the  weatber.  draw- 
ing, of  course,  its  full  load,  would  be  sufficient 
to  do  incalculable  damage;  that  is.  assuming 
It  were  able  to  pnll  Its  load  at  all.  The  an- 
thors  do  not  wish  to  enter  farther  into  the 
question  of  the  wheel.  Tbey  have  drawn  at^ 
tentfon  to  some  of  the  chief  points  wblob  are 
of  preRsing  importance  in  the  matter  of  road 
construction,  and  wish,  in  condusloo,  to  re- 
mark that,  white  they  have  shown  that  there 
must  be  sympathetic  cooperation  between  the 
designer  of  the  wheels  of  a  motor  vehicle  and 
the  surveyor  who  Is  responsible  for  the  main- 
tananoe  of  the  road,  there  Is  a  third  party 
who  has  a  serious  responsibility  in  the  matter 
— namely,  the  user  of  the  road. 

However  good  the  road,  and  however  well 
designed  are  the  wheels,  a  great  responsibility 
must  rest  with  the  driver  of  a  motor  vehicle. 
By  the  incessant  use  of  the  crown  of  the  road, 
leading  to  tracking,  by  the  injudicious  use  of 
brakes,  by  the  rushing  of  comers  at  unrea- 
sonable speeds,  and  In  many  other  ways,  the 
driver  of  -i  motor  vehicle,  can  do  more  dam- 
age in  a  week  to  the  roads,  as  well  as  to  the 
vehicle  he  is  responsible  for,  than  would 
otherwise  be  the  result  of  twelve  months'  fair 
usage.  The  authors  trust  they  have  sbo^ 
that  If  the  drivers  and  manafaeturers  do  their 
part  the  science  of  road  construction  has  now 
advanced  sufficiently  for  the  road  surveyor 
to  be  able  to  do  his  part  without  pntUnc  an 
undue  and  even  prohibitive  hurdeii  upon  the 
conununlty. 


NOTES  ON  MOTOR-CAR  DESIGN* 

Br  F.  W.  LANCHESTER 


The  function  of  a  suspension  is  in  its  es- 
sence to  permit  of  the  road-wheels  following 

the  road  surface  without  the  rising  itnd  falling 
and  oscillating  motions  being  conveyed  to  the 
body.  In  oonsldertns  the  behavior  of  a  sn»> 
pension  it  \a  sometimes  necessary  to  regard 
the  road-wheels  and  underframes  as  fixed,  and 
the  body  as  oeelllatlng:  but  It  Is,  generally 
speaking,  more  correct  to  look  upon  the  body 
of  the  car  as  stationary  and  the  motion  as 

*From  a  paper  read  at  the  Incorporated  lasUtutloa  ol 
AetOBsWto^wlDMn,  llanb  11,  1MB. 


confined  to  the  underframes,  as  would  be  the 
case  were  a  perfect  auspenslon  possible. 

In  the  forms  of  suspension  in  common  em- 
ployment the  elastic  connection  between  the 
car  body  and  the  underframe  consists  of  a 
combination  of  springs  of  the  laminated  type, 
giving  a  considerable  range  of  freedom  in  a 
vertical  direction,  but  a  eomparatlvely  small 
range  of  freedom  laterally.  The  lateral  free- 
dom is.  in  fact,  so  small  that  the  customary 
type  of  sprlne  may  he  said  to  provide  a  more 
or  less  dellnlte  aide  looatloa. 
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In  practice,  owing  in  part  to  the  slight  de- 
Rrpo  of  lateral  flexibility  of  the  springs  (which 
mas  amount  to  some  Vj  inch  or  so),  and  in 
part  to  the  freedom  permitted  br  the  "shack- 
ling" of  the  sprlnps  in  some  cases,  the  side 
location  is  uul  su  rigid  as  lo  enforce  the  whole 
ot  the  lateral  motion  on  the  body;  but  in  anr 
case  the  quantity  h — that  Is  to  sny,  the  height 
of  the  side  location  above  the  ground  level^ 
should  be  kept  ae 'snail  aa  possible,  for,  other 
thinRs  hofnsr  rqiinl,  the  nmplltitrte  of  the  Side 
wobble  will  be  proportlont^l  to  h. 

Suspeneion  Period. — ^The  criterion  of  the 
"softnepB"  or  "hardness"  of  a  snspenslon  is 
the  suspension  period;  the  quicker  the  period 
the  harder  the  suspenaloB,  and  vice  versa. 

If  t?iorc  were  no  prarticnl  limitations  to  the 
period  attainable,  the  slower  the  period  the 
greatw  the  comfort;  It  Is  therefore  the  object 
of  the  designer  to  olitniii  as  slow  a  period  as 
is  compatible  with  the  other  conditions. 

It  can  be  shown  from  theoretical  considera- 
tions thnt  thp  period  of  any  given  suspension 
is  the  same  as  that  of  a  pendulum  whose 
length  Is  equal  to  the  linear  deflection  ot  the 
springs  under  load;  thus,  If  wo  suppose  that 
the  weight  of  a  car  body  be  entirely  removed 
from  the  springs  by  ratslng  it  on  a  crane,  so 
that  the  weight  is  Just,  am!  only  just,  relieved, 
then  if  1  be  the  height  through  which  the  body 
has  been  raised,  the  time  period  will  be  that 
of  a  pendulum  of  length  -  1.  The  eiiuation 
from  which  the  period  of  a  single  or  half  oscil- 
lation can  be  calculated  ts  therefore  (he  we11« 
known  expression,  t  -  irv(l/g),  where  t  is  in 
seconds  and  1  In  feet.  As  a  matter  of  conven- 
trace,  I  have  given  In  Table  I.,  below,  the 
period  In  complete  double  swings  per  minute 
corresponding  to  values  of  I  expressed  in 
Inches: 

Table  I.— Number  of  Oscillations  per  Minute 
for  initial  Spring  Deflection  =  I. 

Complete  Osci  1 1  atlons 
(Inches. )  per  minute. 

1  188 

2  1S8 
i  108 

4  >4 

5  88 
«  77 

.\uw  it  is  evident  that  If  an  attempt  is  made 
to  obtain  the  maximum  degree  of  comfort  pos- 
sll<lo,  u  limit  fs  very  pnnn  fpnched.  for  n  hms- 
peuslou  range  exceeding  a  foot  Is  scarcely  per- 
missible, and  since  the  range  above  and  balow 
the  normal  position  should  he  about  e<|ual,  this 


means  that  the  equivalent  pendulum  length  la 
6  Ins.,  and  the  number  of  complete  oscillations 
per  minute  —  77.  In  general  this  is  beyond 
that  which  is  attainable,  though  I  have  some- 
times  nearly  reached  this  figure:  T)  ins.  Is  the 
most  it  is  usually  possible  to  bpeeify,  with  a 
corresponding  period  of  81.  I  have  found  In 
practice  that  n  period  slowf^r  than  90  prr  min- 
ute giv^  an  ample  degree  of  comfort,  whereas 
a  period  quicker  than  100,  although  frequently 
employer!,  should  he  avoided  when  circum- 
stances permit. 
The  whole  question  ot  the  rolling  oadlla- 

tlon,  and  of  the  rt>iip1p.  or  torqnf.  hy  which  It 
is  set  up.  is  a  subject  of  greater  complicatloa 
than  at  first  sight  appears,  and  only  the  moat 
brief  outline  can  lie  plven  In  the  present  paper. 

The  moment  of  Inertia  about  the  axis  of 
osdliatlon  may  be  looked  upon  as  the  sum  of 
two  parts:  the  moment  of  Inertia  of  the  chassis 
and  body  about  Its  own  center  of  gravity,  and 
the  moment  of  inertia  of  the  body  aa  a  whole, 
s\ipposed  conrentrated  at  Its  center  of  gravity, 
about  the  axis  of  oscillation.  Now  the  first 
of  these  Is  settled  once  and  for  all  by  the  body 
and  chassis  design,  and  cannot  be  altered;  the 
second,  however,  depends  upon  the  distance 
of  the  point  of  side  location  from  the  center 
of  gravity  of  the  suspended  mass;  this  Is  a 
quantity  that  the  designer  can  vary.  Thus  by 
raising  or  lowering  the  body  and  chassis  aa  a 
whole,  the  second  part  of  the  moment  of  In- 
ertia can  be  made  greater  or  less,  or  by  alter- 
ing the  height  of  the  point  of  ride  location 
al>o\e  the  ground-level  similarly  an  alteration 
may  be  made.  If,  as  is  frequently  the  case  In 
a  limousine  type,  the  period  tends  to  be  too 
slow,  we  thus  find  the  designer  in  a  dilemma: 
be  cannot  lower  the  body  and  chassis  aa  a 
whole  past  a  certain  limit,  owing  to  the  «nder> 
neath  clearance  necessary;  he  cannot  raise  the 
point  of  side  location  without  detriment  to  the 
perfection  of  his  suspension,  both  as  touching 
the  comfort  of  the  passengers  and  the  wear 
on  the  tires;  his  only  recourse  Is  to  either 
stiffen  the  springs,  which  quickens  the  bounc- 
ing period  and  decreases  the  comfort.  'Of  ho 
must  widen  the  lateral  spring  base — a  proced- 
ure that  cannot  be  carried  beyond  a  very 
moderate  degree  unless  the  Whee1«gage  Is  to 
tip  Involved.  For  the  above  reasons  the  de- 
sign of  a  large,  heavy  car  with  much  top  ham- 
per Is  frequently  a  matter  of  compromise,  and 
ihe  siieeenp  or  otherwise  of  any  given  machine 
will  largely  depend  upuu  the  iutelllgeace  of 
the  driver.  If  the  comfort  of  the  suspenslQin 
alone  Is  considered  in  dealga.  a  oar  ot  this 
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type  mmt  be  slowed  very  oonalderabUr  irbea 

roundlnf?  pornera. 

There  is  one  Important  leuon  to  be  learned, 
bowever — ^tbat  Is,  Uw  mAmm  in  wbj  chb  of  a 
low  c^ntpr  of  gravity.  If  the  center  of  gravity 
Is  kept  as  low  as  possible  by  legitimate  means 
In  the  dealgn  of  the  duMla  and  body  work, 
and  In  the  adaptation  of  the  one  to  the  other, 
the  dllllcultles  mentioned  are  minimized,  and 
«  ear  nay  be  produced  with  general  all>round 
vlrrues  not  otherwise  obtainable.  Tt  Is  worthy 
of  note  that  it  is  one  of  the  greatest  advan- 
-tagea  of  the  combination  of  a  abort-etrolce 
eTiRliio  and  worm  drive  that  It  permltB  of  en- 
gine, gear-box  and  body  work  being  placed 
nearer  to  the  ground  than  In  the  long^etroke 
'engine  and  bt^vel-drlvc  comblnri'tnn 

Suspension  Oscillation;  Damping. — When  a 
car  pains  over  a  culvert  or  other  obstruction 
the  suspension  oscillation  sometimes  persists 
for  several  "periods"  afterwards:  and  if  a 
further  obstruction,  or  merely  an  unevenneas 

of  the  road  surface,  occurs  durinR  this  con- 
tinued oscillation,  fitting  in  with  Its  phase,  the 
amplitude  Is  liable  to  cumulative  Increase. 
Thus,  if  there  be  a  more  or  less  rej^iilar  undu- 
lation of  the  road  surface  that  happens,  at  the 
particular  speed  at  whldh  a  ear  la  traveling, 
to  tit  in  with  the  natural  period  of  its  suspen- 
sion, the  amplitude  may  easily  become  suffi- 
cient to  Injure  the  springs  or  bring  some  ugly 
shocks  on  to  the  "check  buffers"  (If  any).  The 
only  means  of  avoiding  this  eTii,  which  is  due 
to  synchronization,  'is  to  provide  some  power- 
ful means  of  damping  the  osdllationa  aa  rapidly 
as  they  arise. 

It  is  one  of  the  virtues  of  the  ordinary  lami- 
nated carriage  spring  that  it  possesses  to  a 
considerable  degree  the  necessary  damping 
qualities  In  Its  own  internal  friction.  When  a 
laminated  spring  la  flesed  It  is  part  of  the 
action  of  such  a  spring  that  its  constituent 
elements  (plates)  slide  over  one  anotlier,  and 
considerable  friction  results.  This  friction 
may  be  actual  solid  friction  if  the  Bprlnp  is  not 
lubricated,  ur  it  may  be  viscous  friction  if  the 
plates  are  well  greased.  In  practice  the  fric- 
tion is  usually  of  a  mixed  kind.  In  part  due 
to  the  viscosity  of  some  kind  ot  lubricant. 

Let  us  examine  the'*'c]assie"  method  of  de- 
sign for  the  laminated  sprlnp:  Klrstlv.  since 
the  bending  moment  is  proportional  to  the 
distance  from  the  point  ot  application  of  the 
load,  and  the  strength  ts  proportional  to  the 
number  of  plates  (presuming  the  latter  all  of 
one  thickness),  the  number  of  plates  must  be 
proportioned  to  the  distance  from  the  end  ot 


the  apring,  so  that  the  plates  form  a  series 

of  evenly  placed  steps.  Secondly,  assuming 
the  maximum  load  condition  to  be  that  when 
the  plates  ot  ttM  miring  are  straight,  tte  eon^ 

dltlon  that  the  plates  shall  be  subject  to  equal 
stress  is  fulfilled  when  the  plates  are  initially 
all  of  equal  radltts. 

When  a  number  of  plates  of  Identical  radius 
are  "nested"  to  form  a  spring  they  do  not  fit 
exactly,  for  the  estenial  curve  ot  the  one  bears 
on  the  Internal  curve  of  its  neighbor.  Under 
these  conditions,  when  the  plates  are  pulled 
together  by  the  buckle  they  bear  trmly  on* 
on  the  other,  and  set  up  considerable  friction, 
having  the  required  damping  effect  when  the 
spring  Is  at  work. 

Now,  If,  still  supposing  the  spring  to  be  de- 
signed for  sero  camber  at  maximum  load,  we 
construct  the  spring  of  plates  of  different 
thicknesses,  then  the  correct  initial  form  for 
such  plates  will  be  such  that  the  radius  of 
curvature  varlea  as  the  thickness,  so  that  It 
we  make  the  shorter  plates  thinner  than  the 
longer  ones  the  shorter  plates  will  also  be  Of 
less  radius  of  eurvatnre,  and  the  pressure  be- 
tween the  plates  when  pulled  together  by  the 
buckle  will  be  greater  than  when  plates  of 
equal  thickness  are  employed. 

From  the  above  It  would  appear  that  by 
designing  a  laminar  spring  with  the  platea  of 
different  thickness,  so  that  the  shorter  plates 
are  the  thinner,  the  damping  factor  of  the 
spring  can  be  Improved.  In  the  case  when  a 
spring  is  under  negative  load,  so  that  the 
plates  are  on  the  point  of  separating,  the 
damping  action  vanishes.  It  will  be  noted  that 
this  point  Is  reached  sooner  when  the  spring 
Is  designed  of  plates  of  equal  thickness  than 
is  the  case  if  they  are  graded  in  the  manner 
above  specified. 

Worm-Driving  and  Bcrew-Propulslon. — In 
the  early  days  of  the  screw  propeller  It  was 
customary  tu  compare  It  iu  its  aclioa  on  the 
water  to  a  screw  working  in  a  solid.  It  wss, 
of  course,  recognized  that  the  comparison  M-as 
not  one  that  could  be  altogether  jusiifled, 
owing  to  the  fact  that  the  fluid  In  which  the 
screw  j)ropeller  operates  forms  a  yielding  abnt- 
ment,  instead  ot  an  unyielding  one.  At  a  time 
when  serewa  were  commonly  made  of  true 
helical  form  the  yielding  of  the  fluid  was  rep- 
resented by  the  factor  termed  "slip,"  and  this 
term  ts  used  at  the  present  day  In  a  similar 
Benw.  although  it  is  now  morp  difnriilt  to 
define,  owing  to  the  pitch  angle  of  a  modern 
propeller  varying  from  point  to  point  over  the 
surface  of  the  blade.    Of  more  recent  years 
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the  analogy  between  the  acrew  working  in  a 
fluid  and  one  working  la  »  Mltd  liM  not  been 
regarded  ■*  posseseing  any  serious  utility,  and 
U  has  consequently  been  neglected;  it  is  only 
quite  recently  that  my  own  researches,  pub- 
lished in  my  work  on  "Aerodynamics,"  have 
brouf^ht  this  old  analogy  up  afresh  in  a  new 
iiglit.  lu  the  work  in  question  I  have  proved 
that  tor  a  blade  moving  tlirough  a  fluid,  and 
supporting  a  pressure  reaction,  there  is  a  par- 
ticular relation  between  the  pressure  sustained 
and  the  square  of  the  velocity  of  motion  at 
irhlch  the  total  resistance  Is  of  least  value, 
and  that  under  these  cuudltiouB  there  is  a 
eertaln  ^dlng  angle  which  is  constant  in  re- 
spect of  velocity,  and  whose  value  is  minlmnni 
if  the  correct  P/V*  factor  is  employed. 
The  efficiency  !•  given  by  the  eipreaBtoa 

tan  • 


tan  (9  -^  Y) 

where  t  la  the  angle  of  friction  and  9  la  the 
angle  of  tb"  eff^rtlvo  pitch. 

The  value  ot  0  for  greatest  efficiency  is 
gtven  by  the  ezpreaiton 

$  =  (90°  —  7)/2 
or,  In  other  words,  It  is  equal  to  Ao"  minus 
half  the  augle  of  friclluu  In  the  solid  screw. 

In  Table  II.  this  la  shown  for  different 
values  of  7,  together  with  the  eorrespoudlnK 
efficiencies,  wbich  thus  represents  the  outside 
limit  ot  the  eftdencjr  for  a  worm-drive. 

Table  11. — ^Effldendea  of  Worm-HriTea. 
'r  9'*  BOdency. 


2  44  o.ftsa 

4  4S  0.870 

6  42  0.811 

8  41  0.766 

10  40  0.704 

12  S9  0.<55 


Oyroscoiiic  Kffect  of  the  Flywheel. — The  gy- 
roscopic effect  of  the  flywheel  of  a  motor  ve- 
hicle gives  rise,  under  certain  dreumatances, 
to  rouple.s  of  very  considerable  magnitude. 

Employing  absolute  units,  the  gyroscopic 
torque,  which  we  will  denote  by  the  symbol 
T,  is  equal  to  the  angular  momentum  eom- 
municated  per  aecond— that  ia, 
r  =  I  «  0, 

Where  0  is  the  rate  of  change  of  the  preoea- 
sioniil  angle.  I  the  moment  of  inertia  of  the 
flywheel  and  «  the  angular  velocity  of  fly- 
wheel. 


Let  us  suppose  that  a  car  of  10  ft  wheel- 
baae  be  traveling  at  50  ft  per  sec  along  a 
curve  of  250  ft.  radius;  let  the  flywheel  ha  ,  a 
a  mean  rim  diameter  1.5  ft,  that  radius  of 
gyration  ™  0.76  ft,  and  let  the  motor  speed 
be  20  revidntlona  per  leeond;  then 
I  =  100  X  0.759  =  56 
«  =    20  X  2x     ^  126 
Q«  250/2S0      —  0.2 
r  —  66  X  126  X  0.2  M  1410  f oot  ponndala, 

1410 

or  tomne  In  pound  feet  =  47,  or  at 

32 

10  ft  (wheel  base)  the  force  representing  the 
gyroooople  torque  la  47  Iba.  This,  compared 
to  the  load  carried  on  the  front  and  rear  axles, 
la  almost  negligible,  amounting  to  lass  than 
halt  of  1^,  taking  the  total  weight  of  the  car 
aa  I  ton. 

The  speed  of  the  processional  motion  is  lim- 
ited in  practice,  so  long  as  a  car  Is  being 
properly  driven,  by  the  fact  that  the  speed  at 
which  a  given  comer  can  be  taken  cannot 
exceed  a  certain  maximum.  In  the  example 
Just  given  the  radius  of  path  Is  such  aa  can  be 
reasonably  negotiated  at  60  ft.  per  second. 
When,  however,  a  car  Is  driven  round  a  cor- 
ner above  the  limiting  speed  (which  happen* 
most  frequently  when  the  road  is  greasy,  since 
then  the  limiting  speed  la  lower),  it  Is  liable 
to  side-slip,  and  to  acquire  a  rotational  apeed 
about  a  vertical  axis,  the  limiting  value  of 
which  we  have  no  means  of  assessing,  and 
the  gyroscopic  torQtte  may  be  tnereaaed  enor- 
mously. Thus,  supposing  in  a  case  of  aide- 
slip,  a  car  turn  through  180°  in  one  second — 
a  not  Impoadble  propodtlon — ^we  have  Q  »  v, 
T  =  56  X  126  X  3.14  ^  221,000, 

or  in  pound-feet  torque  ^  22,100/32  ^  6d0: 
an  amount  that  may  put  the  crank-neck  In 
jeoi)arfl.v.  I  believe  that  several  of  the  mys- 
terious cases  of  bent  cranks  have  been  due  to 
this  cauae;  In  aome  caaea  it  haa  been  deflnltdy 
observed  that  a  crank  has  been  found  bent 
immediately  after  a  serious  side-slip.  I  have 
only  met  with  one  aueb  caae  peraonally.  but  I 
make  pnn  i,«lon  for  this  possibility  h\  slreugth- 
ening  the  crank-web  next  the  flywheel,  and 
the  neck  Itself,  if  there  ahoold  be  any  doubt 
as  to  Its  sufBclency.  I  believe  the  assumption 
that  a  car  may,  when  side-slipping,  rotate  at 
a  maximum  rate  of  three  or  four  radians 

t  17''i"  to  ^riO")  per  secoml.  Rives  a  sufficient 
allowance  when  calculating  for  gyroscopie 
torque. 
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sances.) Comptes  Rendus  de  l'Acad6mle 
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InK  and  lighting  apparatus.  Is  gWen  In  (bis  blbll- 
ography  under  LINDBT,  L..  and  to  the  report  of  the 
committee  on  liquid  fuels,  under  SORBL,  KiiMBST. 
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Illuatratao  tbo  raadbtooa  tMtod.  Uia  appMatu  mod 
In  melclBK  tbo  t<«t«.  and  tbo  reaalts  oMMiad.  Tbe 

(es'inK  pinut  Is  fully  deacrlbed. 

KinKciniann,  Maximilien. 

Investigations  upon  Altolioi  Motors,  (lie- 
cherches  Hur  les  Moteurs  &  Alcool.  I  Comptes 
Rendus  de  i'Acad6mle  des  Sciences,  Paris, 
Tonic  ll'5.  No.  10.  Oct.  IS,  1897.  pp.  866- 
569.    1.500  w. 

Comparei)  atrohol   and   gasoline.   Riving  ebemlcal 

aniilysls.  calorlt''"  prvwir,  n!r  nern«<ary  for  combus- 
tion, rate  of  ei  M  i  in  r;  fmnj  ri<.  jUrfiK.-©.  .ind  con- 
^uulptl«o  tcst:^  In  Kniiill  Rn.«olli)e  motora  of  2  to  4 
boreepower.  wtib  results  sbQwlsg  tbat  tbe  quantity 
of  alcobol  required  la  more  tban  dnublo  the  necessary 
<iuaatlty  ot  petroleum  (or  tbo  oaDO  power  doreloped. 
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la  SnlBse  Romand*.  Lavmnne,  8«»t.  26,  Oct 
10.  SS.  1S04.    7600  w. 

A  ttvty  ot  tte  CMttwUMM  a(  sleofeol  u  a  wnuca  sf 
•MWr  ia  tatanwl  eontaitlM  ■oton, 

Tnrrrnatlonal  Exposition  of  Alcohol  Mo- 
tors .iud  Apparatus.  (Exposition  Interna- 
tionale dea  Moteura  et  Apparells  HtlllBant 
rAlcool  D6natur6.)  Revue  G6n6rale  dei 
Sciences.  Paris.  Tome  13.  No.  IS,  JttM  tO, 
1902.    pp.  546-548.     2500  w. 

A  (•neral  description  ot  the  results  obtained  at  this 

exposition  by  thf  itae  of  alcohol  for  rmwer,  heating 
ami  liKhilng.  Kivins  general  flgurfs  for  the  coniump- 
ttoD  ot  alcohol  as  compared  wUb  other  combuaUbUM. 

SarUanit,  Btagvae  and  OoaamaB. 

An  Alcohol  i'ower  Gonpratlng  Set.  (Note 
8ur  le  GrtHipe  filt'ct rogSne  a  I'Alcool.  Utlllft* 
par  la  Conipagnie  rtu  Nord  pour  la  CharBO 
dee  AccuuulatiMirs  Alttnentant  les  Cabestans 
ElectriqueB  dans  l(>8  Petitea  Stations.)  Re- 
vue Generate  des  Chemios  de  Fer,  Paris, 
25  Ann^e,  2  gem.  No.  S,  Sept.,  1002.  |>p. 
177-182.     2  figs. 

Thlff  denorlbvH  a  convenient  arranxeineDt  of  alcohol 
motor  and  dynamo  UMd  for  ebKrstniB  ttcuiattlatore 
for  op^ratiTiK  winche»  at  null  atation*  ink  tli«  NortH* 
ern  Railway  of  FraDCt. 

Schiittlor,  R. 

Alcohol  Engines  at  the  Berlin  Exposition. 
1902.  (Die  Spiritttsmasclilnen  auf  der  Aus- 
stelluDg  rtir  SplrltualBdaatrle  in  Berlin. 
1902.)  Zeltschrift  dee  VenrineB  der  Dentscher 
Ingenleiire.  Berlin.  Bd.  40,  Part  1.  No.  31. 
Aug.  2.  1902.  pp.  1157-1162.  2500  w.; 
Part  2.  No.  33.  Aug.  16.  1902.  pp.  1223- 
1230.    46  figs.    2000  w. 

Dfsrrlptlonii  nnd  Ulustratioaa  of  dlllerent  typea  of 
Gcmian  alcohol  wrtaretera,  loocnoMles,  and  oaa 

luarlnv  motor. 

A  trnnslatloii  of  the  above  Into  French  wan  printed 
with  the  title— Lcs  motcurs  &  alcool  a  rexpo«iilon 
den  IndiiMHf*  (1.^  I'alrool  de  Berlin.  JWi2.  In  the 
Rulleiln  It  hi  .<oi  if'r*  d' Encouragement  pour  I'lndUM- 
trie  .Natlonale.  HarU,  Tome  JUS.  No.  01.  Sept,  IOCS. 
Mb  414-431. 

SUer»ky.  D. 

The  Berlin  Exposition  of  the  Indnstrlal 
I  s.  s  of  Alcohol,  Kcbriiary.  1902.  (Rapport 
8ur  1  Rxposltion  des  Emplois  Industriels  de 
I'Alcool  4  Berlin,  en  Kcvrier.  1902.)  An- 
nales  du  Minlstdre  de  I'AKriculture,  Paris, 
21  annOe,  No.  2.  June.  1002.  pp.  424-440. 
4  Ars.    4  tables.    5.0(10  w. 

Tills  Is  thp  offlrlal  report  of  the  Frenrh  rei>re?>i'nta- 
Uvc  ;it  the  ex|>o!:ttlon,  and  d«'sirlb<>h  Iho  uses  <if  aU 
c«hii|  ;in  cxcinplified  for  IlKhlinK.  hcutlnR.  power  pro- 
iltinliiii.  nti'l  III  i'lK'iiilcal  liidii"lrln>  and  trlv<"s  slnil;- 
I'.i-  on  the  fliihjpi  t  for  (Jrrmniiy  Comii^r<-!<  first  co'^t 
aii'l  opcr.it'tiK  c'TiMju^  of  alcohol  ciigli)t»  u{  2."»  hor»e- 
pow'i  with  (It Iter  aourcea  of  fower,  and  dcacrlMof 
tbe  thrti  •xisting  state  ot  4*«alopineat  ot  nlcoliol 
cnf(iii<-^i  In  Germaay. 

SIderskjr,  D. 

rnduetrlal  Uses  of  Alcohol.  (Ijen  Usa^ea 
IndiiBtrlt'ls  de  I'Alcool.)  f  Kih>  rlop^^dle 
Indubtriclle.]  1  r>  nio.  xii  ^  lUS  pp.  92 
flfs.  J.  B.  BailliOre  et  Ills.  Paris.  1903. 


Tkls  worit  isedred  the  Pris  AcroDomlqiw  of  tbe 
BoelM  doa  Acrlcultenr*  de  France.  In  inKt  It  eon* 

talDO  chapTers  on  U'p  nf  alcohol  for  IlKhtlnK.  beeHnit. 
power  and  autonidbilf -li.  ulvo  in  Ih-'  (  ticiiii.  u!  Iniius'trirs 
Various  denaturants  suitable  for  use  are  discussed 
and  also  the  economic  questlonii  Involved  In  (be  ex- 
tensive use  of  alcohol  for  Industrial  purpose*.  Under 
liii>  use  of  nil  ohol  lor  niotiv«  power  are  Klvtn  a  hl.i- 
tory  of  tho  dcvcltj|imi't;l  of  Ihp  alrohol  motor.  cl«'».crlp- 
iloua  of  motors  and  carhuretem,  results  of  coci«uiiip- 
tlons  tests,  and  information  concerning  the  use  Id 
practice  of  portable  alcohol  motors  In  agrlculturat 
operations  In  QonMUtr. 

Sidenlqr,  D. 

Supplementary  Study  on  Lighting  by  Al- 
cohol. (Nouvplle  fitudf  31^ r  I'Eclalrage  & 
rAlcool-}  Bulletin  dc  la  Soci6t6  des  Agri- 
culteurs  de  France,  Paris,  37  Ann^e.  Tomo 
S7,  March  1,  1906.  pp.  272-277.  3000  w. 
.March  16.  1006.  pp.  600-006.  10  flga. 
300U  w. 

This  publication  Is  an  abstract  from  a  memoir  pre- 
f^pfited  to  the  soelety  xuiiph'iiutitlnn  the  niemnlr  by 
(111'  '•nmr  author  on  the  Imlu^l  rl.il  us^s  of  alrohol 
ajnu  puhttibed  wparately  uh  a  book  ia  V.MJ3.  Tbta 
article  discusses  tbe  effect  upon  lamps  of  tmpurttlSS 
In  the  alcohol,  describes  and  Illustrates  the  conStlve> 
tlon  of  variottB  kinds  of  lampa  and  givot  the  OOB- 
BuaptloB  and  caodlopoifor  andor  ttou 

BIdersky,  D. 

Alcohol  Motors  for  Rural  I'ses.  (Les  Mo- 
teurs  a  Alcool  dan.s  jcs  Kxploltations  Ra- 
rales.)  Bulletin  de  la  Soci«t4  des  Agrical- 
teura  de  Prance,  Parla.  35  Ann6e,  Tome  6S. 
April  15,  1903.     pp.  405-418.     7500  w. 

This  Is  an  extract  from  the  author's  extensive 
mrmoir  entitled  "Industrial  Vse«  of  Alcohol."  Thia 
extract  contains  a  historical  account  of  the  attempta 
to  uw  nti'Ohn!  In  Internal  c<irnbu«:t(oti  moto-s.  n  sutn- 
ni"ry  ot  tin-  c-otisumiition  tisr^  of  UliiKilni.Tun  and 
Others,  and  a  diacuastoo  of  the  reaulta  collected  by 
Profoaaor  Btnckor  od  tho  actual  aao  of  alcobol  SMtoi* 
lor  agricullliral  purpoao  la  QorBsay. 

SldeiAy,  D. 

Report  on  the  Indnatrlal  Uaea  of  Aleolud 
at  the  Agricultural  SxpoaiUon  at  Halle-on'- 

the-Paal,  Germany,  ,Iune  13-ls,  1901.  (Rap- 
port sur  les  EiiipioiH  Industriels  de  I'Alcool 
&  I'Exposltion  A^rlcole  de  Halle-Bur-Saale. ) 
Bulletin  .Miniature  de  1  Agriculture,  Paris, 
20  Annee.  lilOl.  No.  5.  pp.  1001-1107.  2S 
figs.      tables.     16,000  w. 

This  report  dlscusse«i  the  development  of  the  aa« 
nf  lie  tint  tirt-d  alcohol  In  Gertniiny:  the  Ipsrl^lafion  on 
till'  -ut-jfi  '  ,  tti-j  I'cononiic  londmoriK  e\|si|iij;  tho 
or(canixa*loii£>  lor  tbe  producttuu  and  jtjjilt:  ol  alcobol: 
deacrtbt-H  and  illuxtraies  alcobol  lamp*,  heaters,  and 
engine*,  gives  detailed  ac-ounts  of  investigations  on 
motor*  111  G«rm»ny.  and  shows  diagram*  ft!u«»Mf)ng 
the  Ini-tesslni;  use  of  alcohol  In  Germany  >^iii.  <-  i»T 

Summary  and  cuuclusiuus  of  this  report  are  given 
by  LVCIBN  PBAISSB  In  MimolrM  da  to  Soddti  dao 
Tng^flleura  Clvlti  do  Fnnco,   Dae.   1901.  p.  OML 

.VIO  w. 

S<»rel,  Krue«(t. 

Carburation  and  Cotnbuttlon  In  Alcohol 
Motors.    (Carburation  et  €k>iDbnBtioD  dana 

les  Moteurs  k  Alcool.)    Ovo.    280  pp.  2S 

nn>i.  Many  tables.  Vve.  Ch.  Dunod,  Paris, 
1901.  (English  translation  puhliahed  by  J. 
Wiley  &  Sons,  New  York.) 

TliS^  work  Kivt'.H  a  <-<om|>lt'te  account  and  discussion 
of  the  'r^-tn  and  exixrlnicnlti  conducted  by  Sorel  and 
UliiKclinatin  In  Prame.  I'urt  I,  is  devoted  to  a  dis- 
cii^-ioi)  of  the  comlnijitloii  of  gaseouK  mixtures,  as 
atfn  t<-d  liy  Icmperaturt'.  prcusure.  rompocillon  of  mix- 
ture, and  proportions  of  air  present.  ProdncU  of  Im- 
pertciM  combuMlon  aro  diacuaaed.  Part  II.  4«s(s  with 
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carbureterK  for  explosion  englnei'.  The  r(>(]tiir(>m«ntii 
for  good  (.■arbureters  are  dlscUKsed:  thf  ctuirinicrl^tir"!, 
advanlaRe*  and  dlMdvaDta<e»  ol  (he  various  types  are 
explained  and  llluMratad.  Numtran  ImrMtlviitlaBit 
witb  s|»erlally  denlgtied  apparstua.  were  csrrtcd  out  by 
M,  Sorcl  in  p-fnbHnhfnK  thp  laws  <H5ntrn!!1r>p  ftip 
viarliiu^  pliuiioirstnu  (xi  urriiiK  iri  i  ;i rburt 1 1  rs  Thpsc 
iuvc8iiga(loii»  ar«  fully  dem:ribed  aod  ibu  r«sulu  are 
given.  Put  III.  deals  with  tiM  vartoua  di»«ociatlon 
ptaeoomma  taking  place  In  alcaballo  gaaeoaa  mixture*, 
tit  Mtvewt  t«uperai,iirMt  aa  attacted  by  Uw 
ot  osrc*n  SMI  ttn  varloaa  mctali. 


Erne«t. 

Report  on  the  Liquid  Fuels  Used  In  the 
Alcohol  Competition  of  October  end  Norem* 
ber,  1901,  at  FerU.  <Coneouni  Ma^ral  de 
Moteura  et  ApTNirelta  UtHtaant  I'Aleool  DA- 

natur<^.  Rapport  de  la  Comtulssion  Mlxte 
des  Liquids.)  Auuales  du  Miniature  de  I'Ag- 
rlculture,  Paris.  21  Aiiii<^e,  No.  1,  April, 
1908.     pp.   164-173.     i  tables.     2."  00  w. 

This  !■<  thi>  nffii  lal  rt-jjoil  of  'he  rln'mlrnl  ilr-termlna- 
tlon  o(  (be  fuel  used  In  tbe  Parts  competitloo  of  1801. 

The  rmon  «f  tb»  Arat  section  at  tba  "Oonoonra"  ts 
nAnedn*  la  thia  blbUosraphy  undar  SINOBbMANN. 
MAXIMIUBN:  aC  tha  aMoad  ■Mttoa,  uadw  UN- 
DKL,  L. 


The  Phenomena  of  Combustion  in  Sta- 
tionary Alcohol  Motors.  (Sur  les  Ph6nomd- 
nes  de  la  Combustion  dans  les  Moteurs  Fixes 
k  Alcool.)  Revue  de  M6canlque,  Paris.  Se- 
rial. 

Part  I.,  Tome  12.  No.  1.  Tan.  iwa.  pp.  X'.-V.K  8 
figs.,  5  tables,  'K)lll»  descrlhf-s  mflhoil?"  and  Rives 

results  of  cbemtcal  analyses  of  (ueiK  used  at  Paris 
axUMtlaa  at  May,  1MB,  alM  naulu  at  aoalyam  of 
exbanat  gaaea.  sad  retulta  ot  axanlBatlon  ot  englaa 

Part  II  ,  Tomo  IL'.  No  'J,  Feb.,  l>).t.  1L'.">-14S, 
4  flg«..  K  tables,  iiWMI  w.  Tbiit  part  Include*  a  mudy 
Of  (be  chief  compottoda  In  gaaoline  and  a  atudy  ot 
tbe  tcmperature-vaiior  tanalon  currea  of  alcohol  pure 
and  with  vnrtoHs  (!#n»mr«n««.  »ll  cflnslflfrpd  In  their 
bearing  on  the  ncct'SKurv  fiirin  of  rarhiirPtiT' . 

Part  m..  Tome  13,  No.  1.  July.  1H«I,  pp.  5-16.  2 
aga..  8  idttaa>  «tdO  «.  A  diaenssloB  at  dlAmt  types 
of  earlmretara  irlfb  refmneo  to  tliclr  raltalitlity  to 


the  ui^e  cf  nlrnliol 
r.irt  IV  .  Ton-ji 


o.  2,  Aug..  1!K):!,  (.[.    IL"-'  HS,  4 


flga..  4  ubiea,  stjmj  w.  Tbla  concludes  tbe  Ktudy  ot 
types  of  carbureters. 

These  articles  appear  to  be  an  olllelal  report  to  the 
Minlsttr  of  Agrlcultnto.  dalad  Jan.  18.  IMMI.  Th* 
ma'ier  wan  largely  reprinted  later  In  tlM  auther'a  book 
on  the  siiblprt. 

A  refi  rciK  ('  to  n  disiMi^sion  of  ttiis  report  Is  flvail 
In  thit;  bihlioKrapby  under  LUNUKIUOB,  C.  C. 

Sorc-l.  Ernest. 

Hydrotartjoiis   for  Mixlntj   with  .Alcohol. 
(Le«    Curbu rants   de   rAlcooI.)  Comptes 
Ri  ndus  dii  Congri^s  de  I'Alcool,  Parle.  190S. 
pp.  56-61.    3000  w. 

A  dtaenialan  at  the  uropcrtiai  ot  tha  nriotta  aub- 
atencea  amilabto  for  ailslng  with  alcoboi  to  obtain  a 
nixture  of  btgb  boating  powar. 

fltrerker. 

Data  on  the  Operation  of  Portable  Alco> 
hoi  Engines  in  Actual  Practice.  (Die  8pir- 
ItMlokomobllen  uad  Brfabraagen  dber  Ihre 
Lelftnnsen  In  der  Praxis.)  Hlldeshelmer 

Land  und  Forstwirtschaftltches  Vereinsblatt, 
Vol.  41.  No.  9.  March  1.  pp.  131-135,  and 

No.  10,  March  S.  19  02.  pp.  l  lS-ir,:!. 

Tilts  was  an  Address  delivered  In  Hlldesbolm.  giving 
the  substance  of  the  report*  received  from  120  users 
of  portable  alcoboi  eogioea  In  agricultural  operndons. 
Tha  eoet  of  opomtlMi,  niaistananea  and  goaeral  rell- 


abllHj*  of  these  enitlne*  In  praetlml  u«e  nr*>  discussed 

in  (Utiiil. 

The  substance  of  this  address  Is  Included  in  Slder- 
■fcya  "Los  Daagai  ImdiMtiMa  do  I'AteooL" 


Fuel  Tests  of  .Automobiles.  l£pr«3uves  de 
Consommation  pour  Voltures  Automobiles.) 
Le  G4nie  Civil,  Paris,  Tome  40,  No.  21, 
March  2t,  1»0S.  pp.  849-S60.  5  tablee. 
1200  w. 

Data  and  results  of  various  trials  with  special  refer- 
enc<'  to  Internal  combustion  motors  usln;;  sticohol  and 
ga.vniiiji-  Includes  the  consumption  in  lit<rs.  ot  fuel 
imr  ton -kilometer  1b  ttas  compettUoa  of  1900  using 
gaaoUno.  In  tba  Paris-Bonan  contoet  October  28.  1000. 
using  BO  per  cent,  mixturo  nioobol  and  gasoline. 
In  thi'  Psris-Roubaix  contest  April  7  and  H,  lltoi, 
ii!.ir;«  al<ul;ul  Kii^t'l'H''  mixture,  In  the  Suresnes-Cor- 
belt  contest.  February  3.  aod  March  5.  UMXi,  uaioa 
nleobol  iiMalIno  oiliitnre  and  pora  cuollna. 


Tedesco,  X.  de. 

The  French  Alcohol  Corapetltlou  of  1901. 
(Lo  Concours  General  pour  I'Utilisation  de 
I'Alcool.)  La  Revue  Technique,  Tome  22, 
No.  22,  Nov.  2S»  1901.  pp.  814-SlS. 
2000  W. 

This  article  deals  with  the  lighting  and  beating  ap- 
paratus exhibited  find  th?  slcohol  motors  operafe<}. 
The  different  carbuf  -'i-rs  uro  nanu  d  and  <  [.i.-HtflMl ; 
Oelker's  German  experiments  on  the  thermal  efflclen- 
elaa  ot  auaai.  ktroamn,  shnUoo.  and  aleohol  we 
qnotad:  table  ot  AreAanOHsa  la  aim  as  atat  aaat 
nnr)  running  expenaaa  with  etonm,  InfMono.  auolliia 
nnd  Dirotioi.  IIS  iiiso  tho  olinllar  results  obCalnod  la 
France  by  Loreau. 

Trillat. 

Denatiniii^  Alcohol  and  a  Study  of  Va- 
rious Dfnaturants.  (Proc^d^g  de  D6natura- 
tion  et  fttu3e  des  Divers  D4naturants.) 
Comptes  Rendua  du  Congrto  de  I'Alcool. 
Paris.  1903.    pp.  61-09.    4000  w. 

A  diaruBsion  of  the  qualities  which  ahOttM  ba  poa- 
sessed  by  alcohol  denaturing  tnalarlals,  aod  of  the 
various  available  materlala  pfunsnetni  those  eviilttlen. 


l>rer,  Thennaa. 

Tbe  Need  of  Duty-free  Spirit  for  Indus- 
trial ptirp(»seB.  .Tnurnal  of  the  Society  of 
Arts,  Loudou,  Vol.  52,  No.  2684,  April  29, 
1904.    pp.  504-537.     19  tables.    27,000  w. 

An  extensive  statistical  and  economic  study  ot  thO' 
Uf>e  of  alcohol  In  the  arts,  but  toii.  tiiii^  only  allahOy 
upon  Its  use  for  the  development  of  jiowtr. 

Vnited  StaIeK- — ("oiiprosK.  j9th,  1st  Session — 
House  Coin  III  ittee  on  Ways  and  Means.  Free 
Alcohol.  Hearings  before  tbe  Committee  on 
Ways  and  .Means  Ot  the  Houae  of  Represent 
tatives,  59th  CongreiB,  let  session.  February 
and  March,  1900.  Oovernment  Printing 
Office.  Washington.    439  pp. 

ThiR  Is  the  complete  report  of  ibv  tcKtimony  takea 
at  the  hearinga. 

VlaietteK.  A. 

Report  on  the  Montpelller  Alcohol  Com- 
petition. (  Rappi  rt  siir  le  Concour*.  de  I'  Al- 
cool D6natur<^.  .Appliqu''  aux  UsageB  Indus- 
Iriels  Chauffa>;f.  /j<  ;nirai;e,  et  Force  Motrlce, 
Organist  h  Montpelllpr  par  la  Socl^t^  D6- 
partmentale  d'AgricoUure. )  La  Revue 
Technique.  Tome  24.  .\o,  16,  Aug.  25,  1908, 
pp.  553-557.  5000  w..  and  NO.  17,  Sept.  10,, 
1903.  pp.  698-699,  ISOQ  w. 
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THE  ENGINEERING  DIGEST 


This  to  a  detailed  dUcuMion  of  all  the  exhibition* 
aaA  wurfltlin  liMHiig  with  Maitrtel  alaohAl  vp  t* 


Gives  numerous  detailed  results  of  tests  at  ths 

Frraoh  Mate  ol  IWl.  ui   

cvltlct  of  the  ass  of  aleoliol  la 


The  Intmrnatloiial  Alcohol  IBxpoaltion 
Held  Bt  VIeiuia  In  1904.  La  Berne  Tech- 
nique, Tome  26.  No.  19,  Oct.  10,  1904.  pp. 
1037-1089.    2600  w. 


A  report  mads  a  OMatlas  ot  the  National  Soctetr 
of  Acriculturs  In  Vnae*.  dsMftMnc  the  orKanlxation 
•OA  aaeeanfol  canrlae  out  of  Uw  Tleaaa  aleeliot 


mielehdfer,  I'. 

Spirit  Lighting.  (£clairage  &  I'Alcool.) 
Uber  Splrltus-Beleuchtung.  Erg&nzun»;s- 
Heft  sum  Katalog  der  Austellung  fOr  O&r- 
uBSigewerbe  sa  Berlio,  May  29-Jiiiie  7. 
1903/   Berlin,  P.  Parejr.  1903. 

■sclUh  viTEion,  pp.  101-112,  French  Teralon.  pp. 
45-66  o(  the  French-Bogllah  sditlon.  German  venlOD, 
pp.  48-68  or  the  German  sdltlon. 

A  lucid  diKcusslon  of  tlis  and  merit  of  alcohol 

for  Itsbtins  as  coBiparM  vltb  «th«r  lUvmliuuiti. 


WUey.  H.  W 

Industrial  Alcohol:  Sources  aud  Manu- 
facture. Farniers'  Bulletin.  No.  268,  U.  8. 
Dept.  of  Agricuiture.  45  pp.    10  figs. 

WUejr,  H.  W. 

I'ses  and  Statistics  FaiimrH'  Bulletin, 
No.  260.  U.  S.  Dept.  of  AKrlculture.  29  pp. 
10  flgB. 

A  popular  treatment  of  the  subject,  glTing  useful 
InformattoD  including  a  discusiion  0(  UlO  IIW  9t  alOO- 
bol  for  bcatiug  and  lighting. 

Anonyniuns  AHIdeB   (Arranged  chronologt> 

cally). 

Alcohol  .Motors.  (  Lf s  Moteurs  &  Alcool.)  M6- 
inoirt's  (If  la  Soclot^'  dfs  Ing^nieurs  Civils  de 
France.  Paris,  Anu^e  1898,  1  Vol.  No.  1. 
p.  117.    400  w. 

Quotes  the  rc«ull»  of  ■•xjHTlmpnls  by  RinffelmanD. 
couipurInK  t'onxunipt icir,  ni  .ilr  iiiiii,  K.ifoliix-  Itoro- 
■eoe  when  u«ed  lu  the  annw  tiiterual  combuilton  en- 
gins.  Also  gives  reault.i  obtained  In  Oermany  OB  a 
motor  made  by  Koertlog  Bros.,  of  Hannorer. 

Alcohol  Motor  Car  Trials  In  France.  Engineer, 
London,  Vol.  82.  Nov.  8,  1901.  pp.  476- 
476.    6  illuetratloiis  of  motor  care.  3200  w. 

I>eacrlbf>s  (Tie  trials  then  being  conducted  bj  ths 
French  Ministir  of  Agriculture  with  the  object  of 

Incn-nMiiK  Itie  consumptton  of  ah-ohnl.  Gives  OllO 
tbe  iiumfrlinl  rtsiill!'  of  rht'  Fr<  :n  h  road  trials  tO 
determine  the  economjr  of  tbe  use  ot  alcohol. 

The  French  Alcohol  Carriage  Trlala.  Autocar, 
Coventry.  Eng.,  Nor.  9,  1901.    1500  w.; 

lUttStrated. 

A  brief  account  of  trlal.s  in  tlio  Bticbborbood  of 
Paris  for  obtulnlng  ofTinal  data  upon  the  ecoootny  ot 
alcohol  and  Its  utilization. 

Alcohol  and  Automobiles.  What  the  French 
Government  la  Doing  to  Make  Spirits  Re- 
place Gasoline.  Motor  World,  New  York, 
Vol  8,  No.  8.  Nov.  21,  1901.   pp.  228-214. 

RaprlaUd  to  goitatMc  Amarlcaa  8uMl«ment.  New 
Tort.  Vol.  B8,  N«.  1M».  Jaa.  2S,  IsSS;  pp.  217D7- 

21798:  1400  w. 
A  (iiM  ti'^oioD  of  tbe  various  Pnadi  teats  «C  atoahal 

In  automobilt?^. 

The  French  Alcohol  Motor  Trials.  Tbe  Engi- 
neer, London.  Vol.  92,  Nov.  22,  1901.  p. 
636.    1600  w. 


Alcohol  Automobiles  at  the  Paria  Alcohol  Bz- 
hibitlon  [1901  J.  Sclentlflc  American,  Dee. 
28,  1901,  Serial,  Part  I.  The  GobronrBril- 
110.  Vol.  8S.  No.  20,  Dee.  88,  1901.  p.  488. 
8  llg*.   800  w. 

Tbia  glvaa  a  bMory  ol  tba  aiperimenu  Id  devdop* 
ins  the  tise  of  aleobot  for  power.  A  half-tone  Ulna- 
tratlou  of  a  12  horsepower  alcohol  Oobron-BrUlM 
tonneau.   a  diagram  »ection  through  the  carburet* 

and  two  sectional  views  of  the  f-njclno  arc  shown. 
ThtTc  i.H  a  full  JcFcrliit ion  of  the  working  of  tho  car- 
bureter and  of  the  govtrnlng  of  the  fuel  supply. 
Part  11..  The  Bardon.  Vol.  86.  No.  3.  Jan.  18.  1002. 
pp.  ;{7  :t8.  2  tigs..  400  w.  DeicribcB  and  Illustrates 
the  Bardon  ctrbureter  and  automobile  tor  pure  al- 
cohol. A  Epcttoiiai  diagram  of  carburotar  aaa  a  pie- 
ture  of  the  automobile  are  shown. 

Alcohol  In  the  Industries.  (L'AIcool  per  le 
IndtiBtrle.)  L'lnduetrla,  Milan.  Jan.  6,  1908. 

2500  w. 

Thl^  Ih  the  rciiort  of  the  roinnil*slon  of  the  Italian 
government  upon  th<^  propofPd  melbods  of  uslns  de- 
natured alcohol  for  heatlnt;  and  motive  f>owor. 

French  Spirit  Motors.  Engineering  [London]. 
Vol.  78,  No.  2.  Jan.  10.  1902.    pp.  46-48. 

5  flgs. 

An  account  of  the  xIciib  taken  In  France  and  Ger- 
many to  use  alcohol  for  drivlas  BBOlOfs  aad  for  Usbi. 

Ing   ami    heatlnp    [iuriio><es.  DbcM^ 


structlon  of  alcohol  motors. 


alio  tbe  eoB- 


Offlcial  Tests  of  Alcohol  Motors.  Scientific 
American.  .New  York,  Vol.  80,  No.  2,  Jan.  11, 

1902.     p.  23.     .SOO  w. 

A  description  of  tbe  testa  and  table  of  results  of 

the  French  automobile  testa  using  alcohol,  m  the 
autumn  of  1IN(]  n.;i  it-  at  Paris  by  a  commission  of 
experts  under  the  direction  of  the  Minkatcr  ot  Agri- 
culture of  France. 

The  Problem  of  AlcohoL  Aatomotor  and 
Horseless  Vehicle  Jonmal.  London.    Vol.  0. 

No.  65.  Feb..  1902.    pp.  203-20.'i.    2500  w. 

A  dlscasalon  of  ths  applicability  o(  alcohol  to  the 
•paratloa  o(  agploitea  easiaei  and  «t  tbe  experloMaa 
aiada  in  PVaaoe  aad  otber  couBtrtes. 

Reprinted  in  the  Sclentlflr  American  .Supplement. 
New  York.   Vol.   .'hJ.   No.    1373.   April  IW.'.  pp. 

22001-2;»02.  under  the  title:  "The  Problem  of  Aloo* 
bol  for  MoUva  Power." 

Tbe  Manufacture  and  Technical  Vses  ot  .Mio- 
hol  In  Germany.  U.  S.  Consular  Reporu, 
Advance  Sheets.  No.  1288.  March  18.  1902. 

10  pp.     r.  Mrs.     2  200  w. 

This  coinjifi.*  Im  account  of  the  siwcial  <  ip<j>uloB 
at  that  time  being  held  In  Berlin,  and  gives  illus- 
trated descriptions  of  rarlou!)  interesting  eihlMta. 
including  alcohol  motors,  and  different  forms  of  beat- 
ing and  Ilghttna  apparatua. 

The  Mannfactore  and  Technical  Uaea  ot  Alech 
hoi  In  Oermanjr.    Sdentlfle  American  8vp* 

plement.  New  York,  Vol.  53,  No.  1370.  Avtti 
6,  1902.    pp.  21958-21959.    1600  w. 

A  description  of  the  Berlin  aleabAl  aapartU—  beH 

February  8  to  March  10.  1002. 

Lani|is.  Burners  and  Heating  Apparatus  at  the 
Paris  .\l((>hol  Exinmitlon.  Scientific  Ameri- 
can Supplement,  .New  York,  Vol.  53,  No. 
137G.  May  17.  1902.  pp.  22048-S80SO.  12 
flgs.    3200  w. 

Illustrated  description*  of  various  lamps  with  re- 
sults of  consumption  tests  on  some  of  tbem.  Tbe 
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Ululratlo&t  m4  decerlptlons  obtained  from  the  (ol- 
IowIdk  articlM:  PERIS8B.  LUCIEN.  Gxposltlon  d« 
TAIrool:  EclalrMe  et  Chauffage.  La  Natnra.  PartB. 
SO  nnnCe,  1  setn.,  No.  1491.  Dec  21.  1901.  pp.  aO-8T. 
3  Urs.,  and  OTERIN,  H  .  Concours  rt  «xpMltloi]a  d« 
motcur*  udllsant  I'alcooi  (I6natur6:  BclalrsM  «t 
chauffage.  L«G«nJeClvH.  Tome  40.  No.  «.  Dm.  T- 
WU.       88-02;  No.  7,  Dm.  14,  1901.  pp.  10«-lfl&  » 

Trials  of  Alcohol  .Motors.  Tho  Engineer,  JJUk' 
don.  Vol.  83,  No.  2421.  May  28.  190t.  p. 
604.    SBOO  w. 

OtTes  dncriptlona  of  the  20  motor  Tehlclei  com- 
pleting the  trial  courae  from  Beauvala  to  Parla.  59 
mllM,  and  tho  ooBiumptloB  ot  toaL  which  «m  •  nts- 


The  N«rthern  Alcohol  Race.  Antnrar,  00T» 
entry.  Eng.,  May  24.  1902.    4 GOO  w. 

An  nccount  of  fhln  road  race  In  northern  France, 
which  proved  that  alcohol  could  be  used  latlafactorllr 
tor  Tthwlea  running  at  high  apeeda. 

TlM  French  Alcohol  Teste.  (Clrenit  dn  Nord.) 
Atttomotor  and  Horaeleaa  Ydilcle  Jonmnl, 
London.  Vol.  7.  No.  7.  May  SI,  1902.  m- 

172-175.    8000  w. 

▲n  account  of  the  racing  testa  and  results,  and  of 
th«  consumption  trials  and  resalts.  Also  a  brief  men- 
tion of  the  Parte  Motfhol  MthlMttaa.  hcM  vadcr  th* 
dinctlon  of  the  Htatalw  o(  Aarienltarfl  «f  Fraoec. 

May  1002. 

The  French  Alcohol  Automobile  Endurance 
Test.     Scientlflc  American,  New  York,  Vol. 

87,  No.  2.  .Tilly  12,  1902.    p.  19.    600  w. 

A  br!i  f  necount  of  [he  endurance  run  of  571  miles 
In  northern  France,  of  the  alcohol  conEumptlon  test 
over  452  miles,  and  the  second  international  Parl!< 
ezpoaltlon  of  alcohol  automobile*  and  atatloaary 
motors  la  Mair,  1808; 

Oarbnreten  at  liie  Paris  Alcohol  Show.  Auto* 
motor  and  HoraeleBs  Vehicle  Jovmal,  Lmi> 

don.  Vol.  7,  No.  S  (No.  74),  June  1,  lOOt. 
pp.  200-201.    5  figs.    1200  w. 
BrM  Uloiaatad  OMcflptkaa  «t  wtoea 


International  Exhibition  of  Alcohol  Mo- 
tors. Scientific  Amorican  Supplement,  New 
York.    Vol.  54.  No.  1391,  Ans.  80,  1908.  Pw 

22289.    2  figs.    2000  w. 

A  description  of  the  BPcond  Internatlonnl  exhibition 
Of  alcohol  motors,  organised  by  the  French  Mlalater 
ot  Afrlenltara,  May.  1801. 

Report  of  the  Congress  for  the  Economic  Study 
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of  alcohol  by  bumlog  are:  An  economic  study  of  the 
comparative  value  of  alcohol  and  other  sources  ot 
power  by  M.  Chaveau;  Hydrocarbona  for  mixing  with 
alcohol  by  Bracat  Sorel;  Denaturing  alcohol  and  a 
study  ot  various  denaturants.  The  report  iBCIudn  tha 
French  lawH  then  existing  relatUia  to  Ch*  Ut  oC 
denatured  alcohol,  by  M.  TrUlat. 

Report  of  the  Oongresa  on  the  TTsea  of  D»> 
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Carbureters.  (£tude  sur  les  Carburateurs.)  La 
Revue  Technique.  Tome  26,  No.  12,  June  26, 
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THE  GOVERNING  AND  THE  REGULARITY 

OF  GAS-ENGINES" 

By  JAMES  ATKINSON 


The  oontlnuoiw  lBere««e  In  the  size  of  ga«- 

englnes  and  the  widening  fl*»1d  for  their  em- 
ployment have  necesaltated  various  modifkca- 
tloDi  In  their  deelga  and  method*  of  operation, 
the  qufstlon  of  thefr  rcgrularlty  of  turning:  and 
closeness  of  governing  being  by  no  means  the 
lease  tmportant  causes  of  these  modtfleattona. 
It  is  very  usual  to  hear  remarks  made  as  to 
the  Irregularity  of  gas-engines,  as  though  they 
were  nsually  and  neeessarlly  more  Irregular 
than  steam-engines,  such  remarks  being  very 
unfair.  It  Is  true  that  the  cyclical  variations 
Of  speed  m«r  he  slightly  greater  In  the  ordl* 
nary  Hlrmle-cylfndfr  "Ofto"  gas-onRlno  than  In 
the  case  of  the  ordinary  steam-engine;  but  the 
mean  variation  ts  usually  twnslderably  better, 
and  evon  with  hit-and-nilHs  governlnK.  surh  en- 
gines are  amply  steady  enough  tor  ordinary 
shop-driylng,  pumping,  and  the  great  majority 
of  purposes  for  which  power  Is  required.  Bven 
tor  electrlc-llght  driving,  ample  steadiness  can 
be  obtained  by  using  a  aufllclently  heavy  fly- 
wheel 

Methods  of  governing  gas-engines  may  be 
divided  fnto  two  classes.    In  the  first  class 

the  vohini*'  of  the  charge  remains  constant  and 
sufficient  to  fill  the  cylinder  as  nearly  as  pos- 
sible at  atmospheric  pressure,  but  the  propor- 
tion of  gas  to  air  is  vnrled  according  to  the 
load.  In  the  second  the  proportion  of.gas  to 
air  Is  kept  approximately  uniform,  bnt  the 
volume  of  the  cbaree  is  varied  either  by  closing 
the  admission  valve  before  the  end  of  the  suo- 
tlon-Btroke  or  by  throttling;  the  result  In  either 
case  being  a  charge  sufficient  to  fill  a  part  of 
the  cylinder  only  at  atmospheric  pressure.  , 
The  first  method  Is  commonly  called  the  "qual- 
ity" method,  and  the  latter  "quantity"  method. 

The  most  desirable  arrangement  to  use  de- 
peuds  to  a  large  extent  on  the  size  and  type 
ot  eagfae,  also  on  the  kind  of  gas  employed. 

•FrntLi  :i  T'  l:  <'r  r-  nd  beforr  th«  lostttutton  Of  Medwal- 
cal  Eoslocen.  April  10.  190S. 


It  Is  desirable  to  use  the  quality  type  with  en- 
gines having  any  considerable  weight  of  re- 
ciprocating parts  attached  to  one  connecting- 
rod,  because  nndw  these  drenmstanosa  the- 
inertia  of  the  reciprocatlnR  parts  should  he 
cushioned  by  the  compression  pressure  in  the 
cylinder  at  the  time  ot  Ignition,  otherwise- 
shock  may  he  caused  similar  to  that  In  a  steam- 
engine  working  with  insufficient  compression 
or  lead.     Either  the  quality  or  quantity 
method  is  applicable  to  engines  having  only  one 
piston  attached  to  the  one  connecting-rod  and 
running  at  a  moderate  speed,  as  under  these- 
eirrin  Rtances  the  reduced  compression  pres- 
sure is  sufficient  to  take  up  the  inertia  forces 
and  to  prevent  shock  at  the  time  ot  ignition. 
When  some  kinds  of  producer  gas  are  used  It 
is  necessary  to  have  governing  appliances 
which  are  not  liable  to  be  upset  by  a  little  tar- 
or  duBt  In  the  gas. 

The  quality  method  may  be  subdivided  Into 
hIt-and-mIss  governing,  variable  gas-admlsslon 
uniform  during  the  suctlon-strolte,  and  variable 
gas-admission  caused  by  opening  the  gaa-.valve 
earlier  or  later  during  the  snetlott-stroke,  but 
always  closing  It  at  the  end  of  this  stroke,  the 
contents  of  the  cylinder  when  reduced  loads 
are  being  carried  being  to  some  extent  strati" 
fit'd.  air  being  next  to  the  piston  and  a  rich 
mixture  drawn  In  last,  remaining  near  the- 
tlring-polnt. 

The  quantity  method  of  governing  may  be- 
dlvlded  into  throttle  governing  and  cut-oft  gov- 
erning. WItb  one  or  two  unimportant  ezcep* 
tion  all  types  of  governing  are  included  In  the- 
above. 

For  many  years  hit-and-miss  governing  was 
universally  and  exclusively  employed,  and  it 
still  remains  the  usual  method  for  small  or 
moderate  sized  engines.  So  far  as  the  author 
Is  aware,  its  economy  has  practically  never 
been  excelled,  being  only  equalled  on  full  loads 
by  very  caref)iny  arranged  methods,  and  on^ 
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light  loads  It  Is  still  necessar>-  to  roTnhine  hit- 
and-miss  governing  with  other  metliods  to  ob- 
tain mth  roBultB. 

As  usually  conHfr^lctPd  the  Rovernor  decides 
whether  there  is  to  be  a  bit  uud  a  miss  by  the 
fact  of  one  knlfe^ge  passing  on  ona  side  or 
the  o'hfT  of  a  second  knife-edge,  practically 
by  a  nair  hue,  and  the  same  hair  line  on  all 
loads;  the  governor  Itself  therefore  alwayt 
gorema  when  in  one  position,  and  it  does  not 
mudt  matter  if  it  is  very  far  from  being 
laochronoaa;  alao,  aa  It  haa  very  Uttia  actual 
work  to  do.  the  parts  to  move  being  very  light 
and  there  being  scarcely  any  resUtaoce  to 
OTeroome,  a  very  smalt  governor  will  effectu- 
ally control  a  large  engine.  The  closeness  of 
governing,  or  the  mean  variation  of  speed,  on 
varying  loada  with  an  engine  having  a  fairly 
heavy  fly-wheel  can  easily  be  kept  within  2Ve 
from  full  load  to  any  load.  Most  gas-engines 
fitted  with  hlt<«nd-nifse  governing  are  arranged 
80  that  If  the  engine  pulls  up  on  the  load  from 
any  cause,  the  operating  gear  for  opening  the 
gaa-valve  Is  drawn  out  of  contact  aa  the  en^ne 
Blows  down  and  berore  It  stops,  thus  the  engine 
cannot  stop  with  the  gas-valve  open.  This 
precaution  Is  absolutely  neoessaiy  for  tiie 
safety  of  engines  liable  to  he  left  for  long 
periods  by  the  attendant,  and  drawing  their 
air  chargea  from  the  engine  room. 

The  ordinary  hlt-and-niiss  gear  is  well 
known,  but  a  recent  improvement  may  be  de- 
scribed. It  consists  in  allowing  the  blade  of 
the  pusher  a  small  amount  of  side  play  at 
right  angles  to  the  line  of  thrust,  so  that  the 
kttlfe^dge  nay  always  find  the  bottom  of  the 
V  In  the  die  In  whatever  position  the  latter 
may  be  held  in  the  governor  rod.  When  dis- 
engaged, the  blade  rests  in  the  V  of  the  fixed 
block  *>ud  naturally  slides  to  the  bottom  there- 
of, thus  returning  to  its  proper  position  should 
It  have  been  deflected  sideways  by  the  motion 
of  the  die.  The  deflections,  without  this  Im- 
provement, though  small,  often  cause  corre- 
sponding movementa  of  the  governor,  and  o<^ 
caaTonally  nibbling  or  partial  opening  and  sud- 
den flying  back  of  the  gaa-valve.  accompanied 
by  needless  wear  and  tear,  objectionable  noise, 
and  somettmea  Irregular  explostoBS  tn  the 
cylinder. 

There  ia  a  tendency  in  some  quarters  to  be- 
little hlt<and-mls8  governing,  hut  for  many 
purposes,  especially  in  small  engines,  it  still 
remains  the  moet  suitable  arrangement,  and  it 
is  advisable  to  give  due  weight  to  the  solid 
and  substantial  advantages  It  ofTers  before  sub- 
stituting other  arrangements. 

JU.VK, 


Quality-governing  by  admitting  the  gas  in 
varying  quantit.es  cout.nuoiisly  throughout  the 
auetkm-atrofce  Is  not  genwally  adopted,  though 
some  very  large  engines  have  been  controlled 
in  this  manner.  The  extent  to  which  varia- 
tion in  richness  of  the  mixture  can  he  carried 
out  in  this  way  la  somewhat  limited.  Tf  the 
charge  is  either  too  rich  or  too  weak,  it  will 
not  Hmlte  freely,  but  will  hum  alowly.  and  In 
either  ease  a  point  is  very  soon  reached  when 
it  burns  so  slowly  as  to  continue  still  inflamed 
during  the  whole  of  the  exhanst-atroke,  and 
until  the  commencement  of  the  suction-stroke, 
when  the  fresh  charge  drawn  into  the  cylinder 
la  llred  by  the  smouldering  llamee  still  linger- 
ing there,  and  an  explosion  takes  place  whilst 
the  admission-valve  is  still  open,  resulting  In 
burnt  products  being  driven  Into  the  air  and 
gns  mains,  sometimes  causing  the  next  or  sec- 
ond charge  to  be  vitiated,  so  that  two  full 
working  strokes  are  occaalonally  spoiled  in 
this  way. 

When  the  engine  is  always  working  on  full 
load,  or  almost  full  load,  this  method  of  gov- 
erning can  be  used  successfully,  but  for  en- 
gines which  have  to  govern  throughout  the  full 
range  of  work  from  full  load  to  no  load  It  te 
not  satisfactory.  Tt  has,  however,  the  advan- 
tage of  simplicity.  A  very  common  arrange- 
ment Is  to  have  two  throttle-valves,  one  In  the 
air-main  and  one  in  the  gas-main,  controlled 
by  the  governor  which  closes  one  as  It  opena 
the  other,  and  vice  versa.  As  these  throttle- 
valves  can  be  arranged  to  be  in  eauillbrlum, 
the  governor  need  not  be  very  powerful.  In 
small  or  medlum-etsed  engines  the  addition  of 
a  gas-valve  and  hit-and-miss  governing,  to 
come  Into  operation  so  as  to  miss  occasionally 
when  the  engine  la  running  below  half  load, 
makes  a  great  improvement  to  this  type  of 
governing,  by  preventing  the  Irregularities 
which  might  otherwise  ot^ur  on  these  light 
loads  and  also  the.  excessive  gas  consumption. 
Unfortunately,  hit-and-miss  governing  is 
scarcely  suitable  for  large  engines,  owing  to 
the  inadvlaaUlity  of  opening  a  large  and  neces- 
sarily heavy  gas-valve  by  means  of  a  knife- 
edge. 

Variable  gaa  admlasion  caused  by  opening 
the  gas-valve  earlier  or  later  during  the  suc- 
tion-stroke, but  always  closing  at  the  end  of 
this  stroke,  la  a  method  of  governing  which  la 

of  r.  f.-tit  v*»ars  rapidly  coming  into  use,  and  Is 
a  laosl  sailBfaetory  method,  at  any  rate  for 
large  gaa-englnes.  By  ad  mi t ting  the  air  and 
gas  in  this  way  when  working  on  light  loads, 
air  only  is  first  drawn  In,  the  gas  being  ad- 
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mltted  towards  the  end  of  the  suction-stroke; 
the  reittlt  is  that  part  of  the  charge  next  to  the 
piaton  does  not  cuutain  any  gas,  or  only  a  very 
small  proportion,  but  the  part  near  the  Igni- 
tion point  has  sufflcient  to  make  it  freely  ig- 
nltable.  there  beiriR  what  Is  known  as  stratifi- 
cation throughout  the  cylinder  during  both  the 
suction  and  the  compression  strokes.  In  the 
earlier  days  of  gBa<«nKines  Mr.  Frank  Crossley 
perfected  a  method  of  applying  this  principle 
to  the  smaller  engines  made  in  those  days  by 
means  of  a  stepped  gas-cam  for  openlns  tha 
gas-valve,  the  various  steps  causing  the  gas- 
valve  to  be  opened  earlier  or  later  according 
to  the  power  required,  but  always  dosing  with 
the  air. 


FIO.  1.— THE  CK0S8LEY  OOVERNINO  GEAR. 

A  very  considerable  proportion  of  the  large 
gas-engines  recently  made  have  been  governed 
In  this  manner,  including  all  of  the  Oechel- 
hftuser  and  Kortlng  types,  in  which  it  is  prac- 
tically necessarily  adopted.  Also  a  very  large 
nvmber  of  douhleHsylinder  engines,  which  un- 
a\n!dnb1y  have  considerable  inertia  in  the  re- 
ciprocating parts. 

The  author's  firm  having  recently  con- 
structed some  tandem  engines  of  EiOO  to  600 
HP.,  the  question  as  to  the  method  of  govern- 
ing them  had  to  be  oonaidered. 

A  n<i\»-l  'vjip  of  governor  w.is  adopted,  tlAs 
arraugoment  of  the  gear  being  shown  in  Fig. 
1.  Referring  to  Fig  1,  a  main  casting,  A,  Is 
fix.'  !  oil  tlif  top  of  the  cylinder  in  which  the 
valve  proper  is  inserted.  It  has  an  air  connec- 
tion B,  containing  a  throttle-valve  C,  which  Is 
fl.ved  dofintteljr  in  one  position  to  suit  the  gas 
which  is  being  used,  also  a  gas  connection  D. 
containing  a  gaa-oock  B,  whldi  serves  to  regu- 
late the  gas.  The  admission  valve  F  is  opened 
at  the  commencement  of  each  suction-stroke 


by  means  of  a  cam-rod  and  lever  in  the  usual 
manner,  being  closed  by  a  spring  G  at  the  end 
of  the  suction-strokes.  The  gas  valve  H  is 
centered  on  the  spindle  of  the  valve  F,  and 
has  attached  to  it  at  its  upper  end  a  vacuum 
piston  I;  the  admission  of  air,  either  tntif, 
partially  or  its  non-admission  to  the  vacuum 
cylinder.  Is  controlled  by  a  cylindrical  plug  J. 
having  a  groove  tumed  in  it  which  opens  or 
closes  the  air  connection.  The  position  of  this 
plug  J  is  decided  by  the  governor,  a  movement 
of  about  yk  In.  controlling  the  s^ead  of  the  en- 
gine from  full  load  to  no  load.  Acting  on  the 
gas  valve  there  is  a  nut  M,  which  forces  the 
vacuum  piston  I  to  tlM  «id  of  its  upward 
stroke  whenever  the  admission  valve  F  Is 
closed,  being  assisted  finally  by  a  strong  butter 
spring  L.  Wh«i  the  valve  P  Is  idosed.  It  wlU 
be  seen  that  the  spring  K  Is  neutralized;  as 
soon  as  the  valve  F  commences  to  open,  the 
pressure  of  this  spring  at  Its  upper  end  Is 
talit-n  by  the  nut  M,  which  Is  screwed  on  the 
spindle  of  the  valve  F,  and  the  pressure  at  the 
lower  end  tends  to  open  the  gas  valve  H.  If 
the  plug  J  allows  free  access  of  air  to  tiM 
vacuum  cylinder,  the  gas  valve  H  movss  with 
the  valve  K.  and  also  doses  with  It.  allowlnff 
a  uniformly  rich  charge  to  be  drawn  into  tb* 
cylinder  during  the  whole  of  the  suction-stroke, 
thus  giving  full  power  Impulses.  If,  however, 
the  plug  J  closes  the  communication  from  the 
atmosphere  to  the  vacuum  cylinder,  the 
vacuum  In  the  cylinder  prevents  the  gss  valve 
H  being  opened,  a  few  pounds  vacuum  In  this 
cylinder  being  amply  sufficient  to  overcome 
the  power  exerted  by  the  spring  K:  under 
these  (in  1  instances  no  gas  is  admitted  during 
the  suction-stroke,  but  as  the  air  passage  B  is 
freely  open,  air  only  Is  drawn  into  the  cylinder 
and  there  is  no  impulse;  this  represents  two 
extremes,  which  in  practice  rarely  occur,  as 
the  plug  J  is  usually  In  such  a  poaltloa  as  to 
give  a  more  or  less  restricted  admissUm  OC  air, 
causing  a  partial  vacuum  in  the  vaenum  cylla- 
der  at  the  commencement  of  eadi  suetton- 
stroke,  this  partial  vacuum,  restraining  the 
opening  of  the  gas  valve,  making  it  open  later 
and  more  slowly;  it,  however,  catches  up  to 
the  main  admission  valve  and  always  closes 
with  it.  consequently  air  only  to  a  greater  or 
less  extent  Is  drawn  in  first  and  a  rich  mixture 
at  the  last.  There  is  a  email  Hitting  valve  N 
o]>ening  outwards  from  the  vacuum  cylinder, 
which  always  ensures  the  prompt  return  of 
the  valve  F  In  dosing; 

It  will  be  seen  that  all  the  goverTior  has  to 
do,  when  governing  a  tandem-engine  having 
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two  slngle-actlnp  cylinders,  Ig  to  move  two 
small  cylindrical  pluga  wblcb  are  an  easy 
stldlns  lit  in  their  eylhiilera.  the  pluge  them- 

Bel^C'S  bolnfi;  always  In  pqulllbrlum,  with  the 
result  tbat  prompt  and  certain  control  Is 
ftlweye  ensured.  The  Tnenum-plttonB.  the 
springs,  and  the  other  moving  parts  are  nil 
enclosed  and  shut  oS  from  communication 
with  the  «M,  ooneeqnentlr  eny  tar  or  dust  In 
the  gas  can  only  gain  access  to  the  gas-valve, 
which  is  so  constructed  that  its  movement  can- 
not be  clogged;  the  mechanical  parte  are  aleo 
constructtMl  80  that  any  wear  will  be  Infinitesi- 
mal. The  actual  operating  medium  Is  atmos- 
pheric atr.  which  la  ooaflees  and  Indeetruetihle. 

A  short  time  ago  an  cnRine  fitted  with  these 
valves  was  tested  by  Dr.  Nlcolson,  Professor  oC 


pressure,  according  very  closely  to  the  heat 
value  given  by  the  analysis.  The  engine  was 
running  on  a  brake  load  of  559  HP.,  the  gna 
consnmptlon  per  B.  HP.  reduced  to  0'  C.  and 
760  mm.  was  51.94  cu.  ft.  per  B.  HP.-br.  The 
heat  aupplled  was  therefore  8,128  B.  T.  U.  per 
R  HP.-hr.  The  thermal  efficiency  on  the 
brake  was  therefore  31.32%.  (I.  UP.  =  613.6; 
thermal  emeteney  on  the  I.  HP.  =  85.8%.)  80 
far  as  the  author  is  aware,  this  is  the  highest 
efficiency  that  has  been  obtained  In  a  large  gas* 
engine  In  any  wellHinthpntlcated  trial. 

Good  governing  Is  only  one  of  the  require- 
ments In  gas-engines:  when  extreme  regularity 
la  neceesary,  more  than  one  eyllndw  end 

heavy  fly-wheels  containing  a  conaldenhle 
amount  of  inertia  are  also  needed. 


1 

/ 

1  Bri! 

9eb 

910.  S.-^AMOBIITUX«  TimNINO 

Engineering  nt  the  Municipal  Bchool  Of  Tedi- 
nolog}',  Manchester. 
The  engine  apeed  Tarled  only  from  118.4  to 

121.4  revolutions  per  minute  when  the  horse- 
power was  instantaneously  dropped  from  about 
800  to  about  50.  The  total  ▼arletlon  In  apeed 
was  therefore  1  2/S'?1i  of  the  mean  speed.  The 
full  load  was  then  thrown  on  again  as  Quicltly 
aa  possible,  and  so  on  In  suoeesslon.  The 
speed  of  the  engine  under  such  circumstances 
never  varied  more  than  the  above  percentage. 
No  baek-flring  of  any  kind  took  place. 

A  further  advantage  of  this  gear  is  that  it  is 
perfectly  noiseless,  with  the  ezoeption  of  a 
slight  hissing  notse  due  to  air  entering  and 
leaving  the  vacuum  cylinders. 

The  gas  used  was  made  from  bituminous 
coal  in  a  Crossley  plant. 

The  gas  was  tested  in  a  J  inlrer  calorimeter 
during  the  time  of  the  test,  the  gas  being 
taken  from  close  to  the  Inlet  to  the  engine; 
the  result  was  149  B.  T.  U.  per  cu.  ft.  on  the 
lower  scale,  at  atmospheric  temperature  and 


ON  OAS-INODIB  CRASnC-FINS. 

In  designing  gns-engines  to  make  them  so 
that  they  will  not  exceed  a  definitely  stated 
amount  of  Irregularity,  earefnl  estimates  hSTS 

to  be  made  as  to  the  effect  of  the  number  and 
disposition  of  the  cylinders,  the  power  of  the 
Impulses,  the  inertia  In  the  fly-wheel,  the  effeet 
of  the  Inertln  of  the  reciprncnting  parts  and  of 
the  compressions.  A  number  of  curves  have 
been  carefully  prepared  for  the  different  ar- 
rangements in  common  use  and  under  ordinary 
conditions.  Some  of  these  curves  are  shown 
In  Fig.  2.  The  author  Is  aware  that  somewhat 
similar  nir\<  s  liavr  l)c<  ti  given  in  different  pub- 
lications, but  not  in  a  form  in  which  they  could 
be  used  conveniently. 

The  ryllnders  in  all  iiiBtaiirrg  are  assumed 
to  by  single-acting,  IS  ins.  In  diameter  and 
2-ft.  stroke,  and  working  with  a  mean  pressure 

of  SS.2  ll).-^.  Tlie  compression  pressiire  Is  1  sO 
lbs.  and  the  mean  pressure  during  comprosaion 
Is  S7.2  lbs.    The  total  force  exerted  during  a 

working  stroke  in  any  cylinder  is  thus  that 
corresponding  to  a  mean  pressure  of  88.2  * 


JONS.  ISQ6. 


^  kjui^uo  i.y  Google 


6i8 


THE  ENGINEERING  DIGEST 


37.2  =  125.4  lbs.  per  square  inch  ot  the 
platoB. 

TbB  net  power  remltlng  from  one  Impulae 
is:— 

88.2  X  264.5  x  2 

 =  20.04  ft-tOBS. 

2240 

For  tbe  purpoee  of  enabltnc  direct  compari- 
son between  the  various  types  of  engines  to  be 
made,  they  are  all  assumed  to  be  fitted  with 
fly-wheels  which  have  thirty  Impulses  of 

Iiinetic  energj'  In  tliem  when  running  at  their 
mean  speeds;  that  is  to  say.  20.04  x  30  =  601.2 
tt.«tOBS. 

1.  2. 


106.3  K  2f>4.5  X  2 


24.15  ft.*tOBS, 


i. 


deg. 
1.8 

2.33 
0.76 


10«.8  1/49.9 

1/38.6 
88.6  1/59.7 
13.75  1/383.3  0.0< 
76.17  1/69.5  0.42 
16.5    1/338.3  0.044 


Single  cylinder. .  1 ' 

Vlsfl-vls    1.29 

Tandem   0.836 

Doable  tandem . .  0.129 
Throe  oyltnder.  .  0.716 

Six  cylinder  0.144 

The  table  above  gives  In  column  1  the  type 
of  engine.  In  column  2  the  areas  between  the 
curves  ot  turoiag  efforts  and  the  mean  work- 
ing llnee  from  which  the  excess  or  the  de- 
ficiency of  worll  done  can  be  estimated,  these 
areas  l>eiog  given  relatively  to  a  single-cylin- 
der engine  which  Is  tahen  as  1.  Column  8 
gives  the  mean  pressure  per  sq.  In.  on  the 
piston  throughout  a  worlclng  stroke  which 
would  give  an  amount  of  power  corresponding 
to  the  eixoesB  or  to  the  delldency.  Column  4 
gireg  the  speed  variation  expressed  according 

Maximum  —  Minimum 
to  the  formula  a»um- 

Mean 

Ing  that  the  kinetic  energy  in  the  fly-wheel  at 
mean  speed  Is  80  Impulses.  Column  5  gives 
the  difference  In  d«»Krees  the  fly-wheel  of  the 
engine  would  be  ahead  of.  or  behind,  a  wheel 
Of  constant  speed. 

The  particulars  given  In  the  table  are  ob- 
tained in  tbe  manner  described  below:  tbe 
figures  for  the  slngle-cyllBder  engine  being 
worked  nut.  and  those  tor  the  other  types  In  a 
similar  way.  In  the  case  of  the  single-cylinder 
engine  the  area  of  curve  above  the  mean  poww 
line  during  the  first  stroke,  rorropponds  to  a 
mean  pressure  of  67.67  lbs.  per  square  inch  of 
piston  referred  to  the  full  movement  of  the 
crank-pin  fr>r  this  wnridng  stroke  and 
67.67  X  3.1416 

 =  108.8. 

2 

Thus  the  excess  of  power  in  this  engine  having 
a  cylinder  18  in.  x  2  ft.  is 


2240 

and  this  amount  is  added  to  the  kinetic  energy 
in  the  fly-wheel  every  Impulse,  accelerating  ita 

speed  from  its  lowest  to  its  highest  speed. 
One-half  the  amount  of  24.15  tons,  or  12.075 
ft.-tona  added  to  or  subtraetsd  from  the  mean 
kinetic  energy  of  601.2  ft.-tons  1-^  •.27r.  ft - 
tons  maximum  and  589.125  ft. -tons  minimum 
kinetic  energy.  The  speed  of  the  fly-wheel 
win  vary  in  proportion  to  the  square  roots  of 
these  energies,  or  in  the  ratio  of  24.764  to 
24.278,  the  mean  of  these  b^ng  24.518,  and 
the  difference  0.4  01;  the  fraction 
0.491  1 


24.518  Ift.O," 
will  represent  the  speed  variation  in  this  en- 
gine aooordlng  to  the  formula 

Maadmnm  —  Minimum 


Mean 

Irregularities  in  speed  cause  the  fly-wheel  of 
the  engine  to  get  ahead  of,  or  behind,  absolute 
uniformity.  In  a  iMngle-cyltnder  engine  of  the 
Otto  type  it  passes  from  its  most  retarded  posi- 
tion to  its  most  advanced  position  and  l»ack 
again  during  the  time  the  crack  is  making  two 
revolutions  and  passing  through  720*.  Twiee 
during  this  720*  the  fly-wheel  is  moving  at  the 
speed  corresponding  to  absolute  regularity,  and 
when  gaining  on,  or  looing  on,  fhla  gpeed  It 

1 

moves  at  a  mean  ot  — ^  times  the  mean 

49.95x2 

apeed  of  the  lly-^heel.  plus  or  minus  thia 

720» 

speed;  consequently    will  gtv* 

49.95x2x2x2 
the  total  distance  In  degrees  that  the  fly-wheel 
varies  from  uniformity.  an$l  half  this  will  be 
the  amount  whldi  the  fly-wheel  la  ahead  ot  or 

720* 

behind  it.    In  this  case  —  « 1.8 *« 

49.95x2x2x2 
The  flgursa  for  the  other  types  of  engiiiM 

given  In  the  table  are  obtained  by  similar  cal- 
culations; in  the  figures  given  in  the  fifth  col- 
umn, however,  it  Is  necessary  to  bear  in  mind 

that  the  720"  jiijplfes  to  the  vls-.l-vla  type  as 
well  as  tbe  single-cylinder  engine,  owing  to  the 
fact,  as  shown  in  its  curve,  that  the  aoeelerap 
tion  conflnties  during  two  consecutive  strokes 
(the  small  area  in  between  has  to  be  de- 
ducted); In  all  the  other  fnstanesa  the  720* 
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T«qttlrM  ftiBO  to  be  dMded  by  tb«  namber  of 

cylinders. 

Speed  vanstion  Is  tbe  Important  factor  whea 
«ODBldertnff  sM-englnoi  u»  employed  for  mo«t 
purposes,  but  for  the  special  purpose  of  driving 
Alternators  in  parallel,  also  for  some  otber 
uses,  speed  variation  to  only  one  of  tlM  faeton 
which  have  to  bo  considered;  it  Is  necessary  to 
oombine  it  with  a  time  element,  and  thus  ob- 
tain the  poettton  Tulntton — a  point  irkltdi  1b 
▼ery  freanently  overlooked  In  tlito  oonneetion. 


It  win  be  seen  by  oomparlnff  eolumne  4  end  6 

that  there  Is  a  very  considerable  difference  in 
the  relative  variations  of  the  different  types  of 
oBKlnes.  and  yet  It  1*  moot  unutual  for  anyone 

to  ank  for  anything  but  speed  variation  When 
inquiring  about  an  engine. 

A  notable  feature  emphasised  by  tbe  table  la 
the  excellent  result  which  can  be  obtained  by 
a  double-tandem,  single-acting  cylinder  engine; 
tliAt  to  to  aay.  one  havlnK  four  alnsIeHwtlns 
cyllndem  operating  on  to  two  cranka. 


THE  ECONOMIC  VALUE  OF  WATER-POWER 

ntOlC  "THK  SLBCTRICAI*  RBVIBW"  LONDON 


In  bis  presidential  address  at  the  Tetlinical 

High  School  Fredericiana,  in  Karlsruhe,  the 
Rector,  Prof.  Dr.  Rehbock,  the  purchase  of 
whose  plans  for  the  Murgthal  Barrage  by  the 
Baden  Government  has  brought  the  resources 
of  this  country  for  electrical  water-power 
schemes  prominently  into  tbe  foreground,  gave 
an  intereatlns  rflaamft  of  tbe  economic  value 
of  water-power  as  compared  with  steam-gen- 
erated power.  After  tracing  the  application 
of  mechanical  power  to  the  use  of  mankind 
from  Us  infancy,  the  I'rofessor  laid  Strega  upon 
tbe  fact  that  uteam-driven,  a»  compared  with 
water-driven,  power  wwka  preaent  the  ad- 
vantage that  they  may  bo  erected  anywhere; 
tbuB  costly  transiiiituiiou  of  power  over  long 
distances  is  avoided,  while  in  many  parte  of 
the  world,  especially  In  low-lyinp  parts,  no 
water-power  is  available.  Another  Important 
factor  Is  that  beat-driven  worke  can  always  be 
utilized  to  their  full  capacity,  while  water- 
driven  works,  unless  provided  with  sufficiently 
large  storage  reaervolra,  have  to  reduoe  their 
nntpTit  at  certain  times  of  acardty  of  water 
supply. 

The  polnta  in  favor  of  water-driven  worke 

are  that  they  are  cleaner,  do  not  vitiate  the 
atmosphere,  and  are  less  dependent  upon  the 
ability  or  wlUlngnesa  of  the  atait  (practically 
unaffected  by  strikes).  They  are  perfectly 
independent  of  the  difficulties  connected  with 
the  supply  of  fuel,  and.  above  all.  they  pro- 
duce energy  af  a  low  cost. 

The  cost  of  the  unit  of  energy  is  naturally 
the  most  telling  factor  in  this  comparison. 
T'lider  the  best  posglbTe  conditions,  i,  >■  .  wht-n 
erected  near  coal  deposits  and  with  regular 
and  continuous  work,  beat-driven  power  worka 
cannot  produce  a  kilowatt-hour  under  0.26  ct. 


to  0.5  ct.,  equal  to  O.SS  et.  to  0.T6  ct.  at  the 

switchboard.  If  the  demand  Is  subject  to 
great  variations,  as,  for  Instance,  la  light  and 
railway  supply  stations,  and  when  coal  haa 
to  be  obtained  from  a  distance,  that  cost  is 
often  more  than  doubled.  Higb-presaure 
water-power  works  are  able  to  produce  the 
power  at  one-half  or  one-third  less,  and  even 
the  low-pressure  works,  though  more  expen- 
sive, produce  power  at  a  much  lower  cost  than 
It  la  possible  for  heat-driven  works  to  do. 

Tn  any  Important  power  work  it  is  a  ques- 
tion of  pruvldlog  many  mtlUons — sometimes 
more  than  100  mllUona— of  such  units  per 
year,  and  this  means  an  economic  advantage 
of  such  great  value  that  it  will  compensate  the 
mountatnoua  diatrtcta,  which  are  rich  In  water, 
for  any  dlsadvantajre  they  present  aa  compared 
with  the  flat  country  districts. 

The  conntriea  In  which  wator-powera  have 
been  exploited  In  a  large  war.  especially  Switz- 
erland, Austria  and  Upper  Italy,  have  already 
found  considerable  profit  by  their  venture. 
The  rapid  economic  advance  In  this  direction 
which  }ias  taken  place  in  the  last  few  years  is, 
above  all,  due  to  tbe  exploitation  of  the  large 
water-powers  of  the  Alpine  rivers. 

It  is  at  present  not  possible  to  say  with 
certainly  -how  far  the  wateivpowera  of  any 
country  will  be  able  to  ro\er  the  energy  re- 
quired. We  can  approximately  estimate  the 
power  contained  In  the  flowing  rivers  of  some 
parts  of  the  wnrld'e  srirfaco  where  wo  know 
the  area  of  the  country,  average  height  above 
rea  level,  evaporation  and  rainfall,  and  quan- 
tity of  water  flowing  into  the  sea.  What  part 
uf  this  theoretically  available  material  can  be 
put  Into  practical  use  cannot  be  estimated  ex- 
actly without  devoting  to  It  a  study  and  labor 
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requiring  much  (fmp  as  the  relation  of  the 
available  supply  to  tbe  production  of  energy 
▼arte*  Terr  largaly,  and  te  depwideBt  upon 
locfli  ccndltlons,  supply  of  fuel,  etc 

Theoretically,  the  energy  of  the  flowing 
.  waters  on  the  world's  surface  aggregate*  8,000 
million  HP.,  or  143  HP.  per  square  mile,  and 
5  HP.  per  inhabitant.  In  Germany  these 
flgnrea  rapreaent  a  total  of  16  million  HP.,  or 
80  HP.  per  square  mile,  and  about  1%  HP. 
per  inhabitant.  The  Orand  Duchy  of  Baden 
poasoBMs,  quite  apart  from  the  power  de- 
rivable from  the  Rhine,  1,000,000  HP.,  eciual 
to  172  HP.  per  square  mile,  or  \k  HP.  per  in- 
habitant. The  power  obtainable  from  the 
Baden  shore  of  the  Rhine  would  increase  tb^se 
figures  to  2.600,000  HP.;  445  HP.  per  square 
mile,  and  1  !4  HP.  per  inhabitant.  This  mean* 
that  Germany  has  only  half  of  the  world'a 
average,  while  Baden  haa  more  than  three 
ttmM  as  much  as  far  as  area  la  concerned, 
althongb  the  density  of  the  population  reduon 
the  figures  to  1  %  HP.  per  inhabitant.  In  con- 
sequence of  its  mountains,  heavy  rainfall  and 
the  Alpine  waters  coming  down  the  Rhine,  tlM 
Orand  Duchy  of  Baden  la  comparatively  very 
rich  in  water-power. 

▲Ithongh  no  reliable  estimate  can  be  made 
Ol  the  world's  power  suppl''  derivable  from 
water-power,  it  ia  certain  that  there  exists 
more  than  sufllcient  to  mpply  all  needa.  Even 
taking  the  utilizable  quantity  at  one-slxt*>enth 
of  the  total,  an  estimate  which  is  really  much 
too  low,  then  will  be  600,iM.««»  HP.,  or  9 
HP.  per  square  mile,  which  is  ten  times  as 
much  as  the  equivalent  of  the  l.ouo  million 
tone  of  coal,  tbe  demand  on  the  coal  reaourcea 
In  1907.  This  Is  a  most  satisfactory  circum- 
stance, as  the  coal  deposits  of  many  civilized 
eonntrlea  may  be  said  only  to  be  sufflelent  for 
tbe  lifetime  of  a  few  gpnnrntim:'^  T'-hilo  the 
large  deposits  in  China  will  only  last  tor  an- 
other few  centuries  If  tbe  demand  kctepa  on 
Increasing  at  its  present  rate 

While  thus  the  world's  supply  is  assured, 
tbe  conditions  in  the  different  countries  are 
very  different.  The  .niiparfntly  available  sup- 
ply of  2  to  2.5  million  HP.  in  Germany  is  not 
eqnal  even  to  tbe  present  demand.  Amongst 

flif  Of  iiK;t[i  States,  Haden  take.s  the  first  [dare 
with  about  eight  times  of  available  power, 
wblle  It  Is  only  second  to  Swftssertand  as  re- 
gards all  European  State.'?,  and  with  (In  de- 
velopment of  Lake  Constance  it  could  be  made 
to  take  tbe  first  place  In  Europe  amongst  tbe 
countries  possessInK  water-power. 

At  a  low  estimate,  the  cost  would  be  0.5  ct. 
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per  HP.  per  hour  In  unregulated  high-pressure 
worlis.  and  in  the  case  of  exploiting  the  Rhine, 
wbere  the  Inatallatlon  la  ceetly.  but,  en  tha 
other  hand,  the  supply  fluctuates  very  little. 
In  high-presaure  works  regulated  by  storage 
reserrolTs  tbe  cost  would  be  0.25  ct  per  HP.« 
hour;  those  works  may  be  e  t'rnnfni  'n  cover 
25%  of  the  total.  The  total  water-power  avail- 
able In  Baden,  at  a  rough  but  low  estimate, 
represents  an  annual  profit  of  $3,000,000  on  a 
capital  of  $75,000,000.  This  represents  a 
saving  of  two  million  tons  of  coal,  or  of 
r>00,n00,  and  each  25  cfs.  rise  per  ton  Of  COftl 
means  a  further  saving  of  1 500,000. 


According  to  Mr.  U.  M.  Wilson,  in  a  re(»nt 
Issue  of  "Power,"  there  is  now  a  total  of 
4,600,000  HP.  in  the  United  States  developed 
from  water  sources,  and  the  investigations  by 
tbe  Ctovernment  lead  to  the  belief  that  tbla 
can  be  Increased  to  10,000,0  0  0.  The  water- 
resources  branch  of  the  Geological  Survey  is 
studying  the  water  supplies  of  the  country, 
with  a  view  to  ascertaining  their  avallabilltT 
for  the  production  of  power  for  the  Irrigation 
of  arid  lands,  or  the  draining  uf  swamp  lands 
and  for  domestic  uses.  Its  work  will  result 
In  conserving  the  water  supply  by  the  con- 
struction of  reservoirs  for  the  storage  of  Hood 
and  tbe  Increase  of  dry-«aaaon  discharges. 

As  yet,  no  estimate  of  even  an  approximate 
nature  can  be  made  of  the  water  flowing  per- 
ennially 1b  our  Btrsama,  or  which  may  bo  lm-< 
pounded  In  storage  reservoirs,  and  which  may 
be  made  available  for  utilization  in  generating 
power.  It  Is  well  known  that  but  a  small  pro- 
portion of  the  a'vailahle  water-power  in  the 
streams  is  as  yet  so  utilized.  Unfortunately 
no  statistics  have  been  gathered  of  the  present 
condition  of  the  development  of  water-powers 
or  their  future  possibilities.  The  following 
approximate  data  are  presented  In  tbe  light  of 
the  knowloilKn  of  thp  topoRr.iphy  and  hydrog- 
raphy of  the  United  States,  garnered  from  em- 
ployees in  various  branobes  of  that  service. 

In  .Vew  EnKl:ind  thtT«'  la  dcveloiiOd  T.non.- 
000  HP.,  and  there  may  be  ultimately  avail- 
able for  power  purposes  a  total  of  1.600,000 
HP  Tn  the  Great  Lake  rf>c;fon  the  present  de- 
velopment is  1,250,000  HP.  with  a  possible  de- 
velopoient  of  4,000,000.  In  tbe  Piedmont  re- 
gion on  th<.  Atlantic  and  south  Atl;iii(lc  .slopes, 
1,250.000  IIP.  is  now  developed,  with  3.00U.OO0 
possible  of  development.  In  the  central  North- 
west 500.000  ill',  lias  Ixon  develnixd.  with 
a  total  of  1.000,000  putiSlble.  In  the  Rocky 
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mountain  ant!  Pacific  regions  tbere  Is  now 
1,500,000  HP.  in  operation,  with  6.000,000 
IMNMtbto.  In  conaequeiiM  of  th*  WBl»r«*- 
•onroM  branch  tli«re  bas  b«en  adtfMl  In  noont 


years  nearly  1,000,00U  HP.  from  water  sources. 
All  .this  power  is  of  value  in  performing  Its 
■ban  «f  conaervlns  the  fuel  aupply  of  tha 
cottBtry. 


COMBUSTION  AND  HEAT- BALANQNG  IN 

LOCOMOTIVES* 


By  LAWFO 

Three  towee  with  the  beat  vaefQlly  employed 

in  the  production  of  steam  must  account  for  all 
of  the  heat  contained  in  the  ooal,  and  complete 
the  beat  balance. 

(1)  Loss  of  He&t  In  the  Producte  of  Com- 
bnstlon.— The  products  of  combustion  consist 
of  certain  dry  gases,  and  in  addition  to  these 
a  considerable  amount  of  water  vapor  from  the 
water  of  combustion  of  hydrogen  In  the  coal, 
and  from  the  moisture  in  the  coal  and  in  the 
air.  There  is  also  a  trace  of  sulphuric  acid 
from  the  combustion  of  the  sulphur.  In  the 
8t  Louis  tests  the  water  of  combustion  with 
the  sulphuric  acid  amounted  to  0.4  0  ib.  per 
pound  of  coal  burned.  The  moisture  in  the 
coal  was  always  in  the  neighborhood  of  1%, 
and,  therefore,  the  water  vapor  produced,  per 
pound  of  coal  burned,  may  be  taken  with  suf- 
fldent  accuracy  as  0.41  lb.,  as  flred.  la  addi- 
tion to  this  vapor,  the  molstvre  in  the  air  ad* 
mltted  for  combustion  must  be  taken  into  ac- 
count. The  percentage  of  moisture  In  the  air 
can  be  determined  from  the  wet  and  dry  ther- 
mometer readings  which  were  taken.  The 
weight  of  the  dry  gaseous  products  of  combus- 
tion per  pound  of  coal  bnmed  la  0.54  Ib.  more 
than  the  weight  of  air  supplied  per  pound  of 
coal.  The  amount  of  heat  carried  off  by  the 
products  of  combustion  depends  on  the  welsbts 
of  dry  gas  and  water  vapor  produced  per  pound 
of  coal  burned;  on  the  temperature  at  which 
they  escape  to  the  smoke-box;  and  on  their 
specific  hrnt. 

(2)  Loss  of  Heat  by  £xternal  Radiation. — 
This  Ices  was  not  measured  In  the  St.  Louts 
tests.  It  Seems,  however,  permlsplble  to  as- 
sume that  the  loss  by  external  radiation  is  5% 
of  the  beat  utilised  by  the  boiler  In  evapora- 
tion. 

(3)  Loss  by  Imperfect  Combustion. — This 
falls  under  two  heads; — 

•From  .1  p.itior  r<;nl  boforc  thf  Irr-t 1 1 u 1 1'  ii  nf  Mii  h  iii!- 
•Al  Engineerv,  dcailnic  with  pxporimcntx  made  on  tbc 
locomodve  tcotlDK  plant  of  tbe  PronaylTanla  R.  R.  «t 
tbo  Sl  Louis  Bibibitioo,  «n<l  later  at  On  AltPona  <P«.) 


RD  H.  FRY 

<1>  Loss  by  produeUon  of  carbonHBononlde. 
( ii )  Loss  by  escape  of  unbumt  coal  at  chim- 
ney and  ashpan. 

(i)  The  Urst-mentioned  loss  can  be  calcu- 
lated from  the  analysis  of  the  flue  gases. 
There  Is  a  general  tendency  for  the  loss  by  CO 
to  Increase  as  the  rate  of  combustion  is  in- 
creased, but  except  in  Serisa  100  there  is  no 
very  serious  loss  on  this  score.  In  Series  luO 
one  individual  test  shows  a  loss  of  16.33^:^  by 
CO.  This  Is  due  to  the  rapidity  with  whldh 
the  air  supply  falls  off  as  the  rate  of  combus- 
tion is  increased.  Evidently  the  difficulty  of 
getting  air  to  the  fire  limited  the  power  of  this 
boiler,  and  prevented  the  rate  of  combustion 
belug  puHbed  above  90  lbs.  of  coal  per  square 
foot  per  hour. 

(11)  The  loss  of  heat  by  thr>  p^f-app  of  un- 
burnt  coal  is  the  most  Imponaut  loss  in  the 
heat  balance  when  the  holler  is  working  at  full 
power.  The  coal  eaoapes  unbumt  In  three 
ways:  — 

As  sparks;  Into  the  ashpan:  As  unconsumed 

gas  in  the  prodnrts  of  combustion,  entailing  a 
secondary  loss  by  the  sensible  heat  of  the  un- 
consumed gas  In  the  emoke-bcnc. 

As  the  necessary  observations  were  not 
taken,  it  is  not  possible  in  the  present  tests  to 
determine  the  separate  value  of  each  of  the 
four  Items  of  the  Ioks  by  unburnt  coal,  but  the 
total  amount  of  heat  lost  can  be  determined 
by  a  method  which  la  Illustrated  by  the  follow- 
ing example: — 

In  Test  SOOfi  there  Is  known  % 

Heat  of  evaporation.   47.20 

Heat  tost  by  external  radiation   2.36 

Heat  lost  In  the  production  of  CO. .  0.70 


S0.26 

This  li'-:nes  as  the  loss  to  he  divided  be- 
tween the  products  of  combustion 
and  unburnt  coal   49.74 


100.00 
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The  hf-at  lost  In  this  tost  in  the  products  of 
combustion  was  19.3%  of  the  total  heat  of  the 
coal  Hctuallr  burned.  Now  If.  for  example, 
25%  of  the  coal  were  to  escaiie  uuburiit,  the 
loss  in  the  products  of  combustion  would  ap- 
ply only  on  tlie  remaining  iz%  actnally  burned, 
and  would  be  0.75  x  19.3.  or  14,5%  of  the  heat 
of  all  coal  fired.  Consequently,  If  P  Is  the  per- 
centage of  heat  lost  by  coal  escaping  noburnt, 
the  loss  In  the  products  of  combustion  is 
19.3  [(100  —  P)/  100]%  of  the  toUl  coal 
fired,  or  calling  this  P  we  have  P^  «=  19.3 
((ICO  —  P)/  100],  and  P^  +  P  ^  49.74. 
whence,  by  simple  algebra,  it  is  found  that  P, 
the  loss  by  unburnt  coal,  is  37.79?:. 

The  general  results  of  all  the  tests  Is  that 
the  effioienry  of  the  absorption  of  the  heat  is 
practically  independent  of  the  rates  of  cora- 
boitton  and  evaporation,  so  that  under  all  con- 
ditions of  working  the  heating  surface  absorbs 
about  81%  of  the  heat  produced  by  combus- 
tion. Approximately,  the  same  figure  Is  ob> 
talned  for  all  four  boilers,  although  they  vary 
considerably  as  regards  design  and  raiiu  uf 
limttiis  nirface  to  grate  area.  The  flsuree 
•bow  that  the  endenGgr  of  the  boiler,  as  « 


whole,  is  mainly  determined  by  the  eflflclency 
of  the  combustion,  which  falls  rapidly  as  the 
rate  of  combntrtton  Is  Increased. 

Although    the    Bmoke-box    temperature  at 

which  the  products  of  combustion  escape  In- 
creaseB  as  the  rate  of  combustion  Inereaeee. 

the  percentage  of  the  total  heat  carried  away 
by  these  gases  is  reduced.  This  is  due  to  the 
reduction  of  the  weight  of  gas  produced  per 
pound  of  coal  burned.  When  the  rate  of  firing 
was  Increased  from  30  lbs.  to  130  lbs.  per  sq. 
ft.  of  grate,  the  weight  of  the  products  of  com' 
bustion  was  reduced  from  about  18  lbs.  to 
about  8.5  lbs.  per  lb.  of  coal  fired.  For  com- 
plete combustion  about  11  lbs.  of  air  are  r^ 
quired,  so  that  when  the  holler  was  forced  it 
was  not  possible  to  get  enough  air  through  the 
fire  to  burn  alt  of  the  coal  fired.  The  figures 
obtained  show  that  the  locomotive  of  Series 
100  is  particularly  choked  for  want  of  air. 
The  author  learnt  with  much  Interest,  after 
writing  the  foregoing,  that  since  the  tests  the 
Pennsylvaiiiu  Railroad  has  Increased  the  area 
of  the  air  inlets  in  the  ashpan  of  this  locumu- 
tlve.  with  the  result  that  it  •teams  mo«h  mora 
freely  and  efBdently. 


CALCULATING  PORTLAND  CEMENT  CLINKER 


The  usual  rule  for  calculating  the  clinker 
formed  by  burning  a  raw  material  is  to  add 
the  percentages  of  silica,  oxide  ot  Iron  and 
alumina,  lime  and  magnesia  and  to  divide  this 
sum  Into  the  percentage  of  each  compound, 
multiplied  by  100.  for  the  percentage  of  that 
conii>ound  which  will  be  present  In  the  clinker. 
The  results  thus  obtained  for  silica,  for  Iron 
oxide  and  alumina  will  be  too  low  and  the  llnit^ 
much  too  high.  This  Is  because  the  aah  of  the 
fuel  enterp  fntn  the  composition  of  the  clinker, 
and  also  because  the  cliuker  contaiub  constitu- 
ents present  in  the  raw  materials  not  entirely 
volatilized  In  burning,  viz.,  soda,  potash,  s-il- 
phur  trioxlde,  etc.,  carbon  dioxide  and  water. 

To  calculate  the  composition  of  the  clinker 
from  the  analysis  of  the  raw  material  Is  there- 
fore impossible,  and  we  must  assume  certain 
corrections.  First  of  these  Is  for  the  coal  asb 
entering  into  the  clinker.  Experiments  show 
that  lu  the  rotary  kiln  about  one-half  of  the 
ash  enters  the  clinker.  West  Virginia  gas  slack 
toal   averaKes   about  ash.   conipdsed  nf 

about  'iO'/c  silica  and  about  Zi)%  each  of  iron 
oxide  and  alumina.  If  90  lbs.  of  coal  are  re- 
»l«iire't  t"  burn  a  barrel  of  cement,  about  \7, 
lbs.  (e«iiiivaicut  to  l,i  lbs.  of  ash)  are  required 


per  100  lbs.  raw  material  burned.  If  half  the 
ash  enters  the  raw  material,  the  silica  is  in- 
creased by  4  X  l.B  X  0.40  ss  0.30'/r,  and  the 
Iron  and  alumina  each  M  x  1.5  x  0.20  —  0.1  o^i. 

Analyses  of  Lehigh  Valley  clinker,  fresh  from 
the  kilns,  show  it  to  contain  about  27c  of  pot- 
ash, soda,  sulphur  compounds,  carbon  dioxide 
and  water  combined.  Clinker  from  other  lo- 
calities will  probably  not  vary  widely  from  this. 

Assiiniing  the  above  corrections  the  rule  for 
rah  u luting  Clinker  from  the  mix  analysis  la 
iksi  fellows: 

Add  the  percentages  of  silica,  oxide  Of  IroB. 

alumina  lime  and  mnt^nrsia.  To  the  sum  add 
2.75.    Call  the  result  the    Clinker  Total." 

To  And  percentage  ot  silica,  add  0.30  to  the 
perccntasre  of  silU  a  In  the  raw  material,  multi- 
ply the  sum  by  100  and  divide  the  "clinker  to- 
tal" as  found  above.  The  result  will  be  the 
percentage  of  silica  In  the  cMnker 

To  find  percentage  of  Iron  oxide  or  alumina 
add  O.IS  to  the  percentage  of  ireu  oxide  or 
;<:innina  in  th>  nmterial.  multiply  by  100  and 
divide  by  cliuker  total. 

To  find  percentage  of  lime  or  magnesia,  di- 
vide per'  .>rii,it:.'fi  ..f  Mh  ity  riinker  total.— 
From  "  The  Chemical  Engineer." 
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ELECTRIC  DRIVING  OF  ROLLING  MILLS 

AND  THE  CHOICE  OF  A  PRIME  MOVER 
By  WILLIAM  T.  DEAN 

GONDBNUD  nUMI  TBI  "Bum  TRASI  RBVUW 


Tlw  racent  ■uoeeBSfiil  derelopiofliit  of  lntor> 

nal  combusUoD  engines  Id  large  sizes  suitable 
for  use  witb  blaat  faruaoe  gM  hM  dtrtoted  tlM 
«tt«ntlon  of  Btwl  worloi  «iurlaMfm  snd  mn*- 
gm  to  tbo  poiitbllUy  ol  electrically  drlfioc  «11 
tb»  aadilnery  la  mieli  plants. 

Th«  first  oonttd«r»tion  In  any  partiealar  euo 
iBTolTlng  electric  drive  Is — will  It  pay?  Can 
more  steel  be  turned  out  for  a  given  cost,  or  th« 
same  steel  for  a  lower  cost  than  with  a  steam 
driven  mill?  The  next  QOMtJon  Is — ^wUl  the 
electric  motor  meet  the  severe  requirements  of 
steel  mill  practice  such  as  continuous  operation 
24  hours  per  day  aad  30  days  per  month,  will 
It  withstand  severe  overloads  even  to  the  point 
of  stalling,  will  the  eerioua  mechanical  shocks 
Incident  to  rolling,  destroy  bearings  and  de- 
teriorate Insulation  to  such  an  extent  aa  to 
render  the  maiatenaoce  coat  of  such  macliines 
ptohlbltlve?  All  the  questions  that  arise  af- 
fecting the  adaptability  of  the  motor  for  rollingr 
mill  operation  have  been  asked  and  success- 
fully aaiwered  la  tho  past  u  applyiag  to  less 
important  machinery.  The  solution  of  the 
problem  from  the  electrical  manufacturer's 
ttaadpolat  la  oaly  one  of  dagna  aad  fharafora 
reata  with  the  designer.  That  the  many  prob- 
leaia  entering  Into  the  design  of  the  successful 
mm  motor  caa  bo  aolred  la  evldoacad  by  tha 
mllla  BOW  being  operated  electrically  and  by 
tboeo  undertaken  on  so  great  a  scale  by  the 
United  Btatea  Steel  Corporation. 

The  ability  of  a  mo*or  to  operate  rontinu- 
oualy  at  a  given  load  ts  only  limited  by  ita  abil- 
ity to  radiate  the  beat  In  wblcb  the  relatlTaly 
email  energy  loBRes  appear. 

With  reference  to  continuous  operation  no 
serlona  dlffllonltleB  will  be  eaoonntered.  The 
electric  motor  has  a  great  advantage  over  the 
steam  engine  in  the  matter  of  performance  un- 
der overload.  Speaking  of  tbo  ladvetlon  mo- 
tor particularly,  it  may  have  an  nvrrload  capac- 
ity as  great  as  2Vi  times  its  continuous  output 
and  the  motor  may  be  brought  to  a  complete 
standstill  by  au  unusual  overload  and  the  cur- 
rent flowing  In  the  motor  windings  under  these 


conditions  may  be  precisely  ealeulated  bofora 

the  motor  is  built,  and  provision  made  to  limit 
the  maximum  current  flowing  to  a  predeter- 
mined value.  Wbat  Is  of  equally  great  lm<> 
portance.  however.  Is  the  fact  that  the  motor 
current  may  be  automatically  controlled  eo  that 
eioesslve  stralna  cannot  occur. 

The  only  uncommon  problem  in  the  design 
of  large  mill  motors  aside  from  that  of  mere 
else  is  that  of  mechanical  proportions  to  with- 
stand  shock  and  ordinary  wear.  It  Is  In  thla 
particular  that  the  electrical  manufacturer  has 
been  obliged'  to  revolutionise  all  his  previous 
ideas,  profitfag  by  ttia  osperlanee  of  ttia  angina 
builder. 

Many  of  the  mechauleul  shuckH  uccurriug  la 
rolling  operations  with  steam  engines  are  due 
to  the  reclpromtlnfr  motton  of  the  engine  and 
not  to  the  mill  and  gears.  All  such  shocks  dis- 
appear When  a  motor  la  naed,  for  one  of  tha 
motor's  most  valuable  chaiaoti^atlCB  la  tta  vnh 
form  turning  moment 

Having  outlined  tha  manlteit  advaatagM  of 
the  motor  for  mill  driving,  the  cost  of  operating 
a  steam  engine  and  an  electric  motor  must  be 
compared.  Conaider  a  mill  requiring  an  en- 
gine or  a  motor  of  a  given  rated  B.  HP.,  and 
assume  a  non-reversing  three-high  mill  oper^ 
atlng  praotleally  oontlnnonsiy.  oondltlona  moat 
favorable  to  the  steam  engine  If  ateam  must 
be  generated  on  the  premises  the  engine-driven 
mill  will  bo  most  economical  ainca  tha  motor 
must  be  charged  with  the  mst  of  transforma- 
tion from  mechanical  into  electrical  energy  at 
the  engine  and  geneirator«  and  tha  coot  of  trana* 
formation  from  electrical  Into  mechnnlrnl  en- 
ergy at  the  motor  as  well  as  the  transmission 
losses.  Bven  the  auperlor  aeonomfee  of  large 
sfram  turbine  generator  units  will  not  over- 
come such  double  transformation  losses.  As- 
sume, however,  that  there  la  a  distant  aouroa 
of  p()w«T.  nnturnl  gas,  blast  furnace  gas,  coke 
oven  gas.  cheap  coal  or  water  power,  it  will  be 
conceded  without  argument  that  power  may  be 
triiiisinitted  more  oronomically  electrically  tlian 
by  any  other  means.    It  remains  to  show  the 
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relative  cost  of  transmission  aod  the  adapta- 
biUty  of  the  posslhle  aouroes  of  power  to  roll- 
ing mill  drive. 

The  internal  combustion    engine    te  not 

adapted  to  the  direct  driving  of  mills  on  ac- 
count of  Its  inability  to  sustain  severe  overloads 
and  OD  account  of  its  unstable  eietton  under 
•widely  varying  loads.  With  gas  power  available 
the  question  narrows  to  tbe  cost  of  the  trans- 
mission of  gas  and  the  consumiftion  of  the  same 
tin  !,  r  t  oilers  at  the  mill,  as  compared  with  the 
uiiiixailuii  ui  iLe  gas  at  the  source  of  supply  to 
produce  electrical  power  foir  transmlMloa  to 

motor  dri'/cii  mills 

In  recent  blast  iuruaee  practice,  it  has  been 
found  that  approximately  128,000  cu.  ft.  of  gas 
is  produced  per  24  hours  per  ton  of  pig  Iron. 
Two-thirds  of  this  is  available  for  power  for  the 
operation  M  blowing  engines  and  other  par* 
poses,  the  remaining  third  being  used  to  heat 
the  air  blast.  A  600-ton  furnace  will  produce 
therefore  41,000.000  en.  ft.  of  gas  per  S4  hours. 
Numerous  tests  have  shown  this  gas  to  have  a 
heat  of  combustion  of  100  B.  T.  U.  or  more,  per 
en.  ft.  AMuralnff  00  B.  T.  U.  per  on.  ft  as  « 
conservaf  Ivo  figure  the  total  heat  available  per 
24  hours  is  3,690,000  B.  T.  U.  The  heat  equiv- 
alent Of  one  honepowor  !■  S,f4l  B*  T.  U. 
Therefore,  the  theoretical  power  available  from 
the  gas  is  1,450,000  HP.-hours,  or  60.417  HP. 
AseomiBs  the  net  elllelenciy  of  the  gas  engine 
at  ^2.Z'~c  which,  ir  In  error,  is  too  high,  the  to- 
tal available  power  from  a  SOO-ton  furnace  is 
18,800  HP. 

On  account  of  the  lean  quality  of  "biaEt  fur- 
nace gas,  cylinder  dimensions  must  be  large 
and  this  has  kept  the  sise  of  single  vnlts  down 
about  3,000  HP.  and  generators  rated  at 
2.000  KW.  are  generally  used.  Such  genera* 
tors  have  an  eflldenejr  of  about  §6%,  mahtng 
the  total  electrical  energy  available  ;  er  BOO- 
ton  furnace  9.360  KW.  Of  this  power  about 
800  KW.  Is  reqolred  to  operate  gas  wachlng 

machinery,  to  pump  uu  Vi  t  writer,  provide  ex- 
dtlng  current  for  alternating  current  genera- 
tors and  minor  purposes,  leaving  a  net  avail- 
able power  of  9.000  KW. 

As  1  KW.  =^1.34  UP.,  60.417  HP.  —  46.000 
KW.,  and  9,000/45.000  »  O.S,  or  the  net  efll^ 
eleney  of  the  entire  plant  will  be  20%. 

In  a  large  power  plant  using  steam  turbine- 
driven  generators  and  every  known  method  of 
obtaining  high  efficiency,  it  has  been  found  that 
27,000  B.  T.  U.  in  the  coal  produce  one  kilo- 
watt at  the  switchboard.  This  is  under  regular 
OOmmercial  conditions  SBd  Includes  all  losses 
such  as  banking  flres,  operation  of  boiler  feed 
pumps,  circulating  pumps,  air  pumps,  coal  and 


ash  handling  machinery,  etc.,  and  the  plant  in 
question  is  subject  to  heavy  day  loads  and 
light  night  loads.  Careful  tests  at  this  plant  In- 
dicate that  if  the  plant  could  be  operated  with, 
a  constant  24-hour  load,  such  as  obtains  In 
steel  mill  practice,  the  economy  would  be  2l,» 
000  B.  T.  U.  per  kilowatt  at  the  switchboard. 
In  a  similar  plant,  gas  fired,  but  subject  to  it 
steady  24-hour  load,  a  still  higher  economy 
could  no  doubt  be  secured  by  the  use  of  fur> 
naces,  especially  designed  to  burn  the  gas.  As- 
suming, however,  a  fuel  economy  from  gas  of. 
21.000  B.  T.  U.  per  kilowatt,  we  have: 
163,760,000  total  B.  T.  U. 

  -  7,886  KW. 

21,000  B.  T.  U.  per  kilowatt 
nr  with  the  highest  type  of  plant  burning  the- 
gas  to  produce  steam  and  using  turbo-genera- 
tors of  large  else  the  poiver  avnUmhlo  trom  m. 
500-ton  blast  furnace  is  7,325  KW. 

As  before  the  theoretical  power  available  is 
46,000  KW.,  giving  a  m/t  efldencgr  of  18.8%,. 
or  approximately  four-flfth.<?  the.  efllciency  of 
the  gas  engine  plant.  It  should  be  noted  that, 
the  hl^er  output  of  tiie  gas  mglne  plant  only 
applies  to  cases  where  blast  furnace  gas  is- 
available,  since  In  producer  gas  plants  the  en- 
gine most  be  diarged  with  the  heat  losses  la* 

the  gas  prnflnrrr;  innrr>over,  the  riiinlUv  nf  cnal 

for  a  gas  producer  must  be  much  higher  than. 
Is  used  In  the  steam  plant,  on  the  eeononqr  oC 

which  the  above  calculations  are  based. 

The  relative  reliability  of  the  gas  engine  and. 
steam  turbine  plants  must  he  given  serloos  eoiii> 
slderatlon.  A  steam  turbine  plant  may  be  op- 
erated at  its  maximum  rating  Indefinitely  wlthi 
almost  absolute  freedom  from  shut-downs  or 
necessity  of  repairs.  The  gas  engine,  on  the 
other  hand,  has  not  yet  reached  a  perfection  of 
development  where  It  mar  be  depended  npos. 
to  operate  21  hours  consimlivi  ly. 

A  complete  turbine  plant  of  large  sise.  la* 
dndlng  the  best  machinery,  bolters,  suxlllarleo. 
etc.,  and  tli«  highest  type  of  statlou  construc- 
tion can  be  built  for  a  least  60%  of  the  cost  of 
a  blast  furnace  gas  engine  plan  of  the  sam«- 
capacity  with  its  auxiliaries.    Assuming  as  ar- 
bitrary figures  that  a  steam  turbine  plant  can- 
be  built  for  $60  per  KW..  and  that  a  gas 
gino  plant  can  he  built  for  $100  per  KW.,  and 
that  a  plant  of  40,000  KW.  average  oapaol^  la- 
required,  the  investment  in  the  turbine  plant 
will  be  12,400.000.     The  gas  engine  plant,, 
however,  will  require  at  least  26%  excess  In* 
capacity  in  order  to  maintain  the  average  out* 
put  given  above  and  many  engineers  think  that 
In  the  present  stage  of  the  art,  50%  excess  ca- 
pacity should  be  installed.    The  Investment  In^ 
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tlM  gaa  engine  plant  vUt  therefore  be  |6,000,- 

000,  or  108.27c  In  excess  of  the  Investment  In 
the  sieam  turbine  plaul.  The  lulerest  ou  $2,- 
600,000  (tbe  dlffenmoe  in  inveatment)  at  5% 
is  $130,000  per  year,  or  sufQcient  to  buv  86,750 
tons  of  coal,  if  this  coal  were  burned  under 
boilers  in  addition  to  the  gna  obtained  from 
tbe  blast  furnaces,  it  would  generate  S6,750.- 
000  KW.-brs.,  or  1.U6  KW.  24  hours  per 
day»  2C  day*  per  montli.  thronghottt  tbe  year. 
This  figure  makes  a  very  respectable  addition 
to  the  power  given  above,  which  may  be  legit- 
imately expected  to  be  generated  by  tlm  ateam 
turbine  plant  and  leaves  a  relatively  small  mar- 
gin of  total  power  in  favor  of  the  gas  engine 
plant 

From  this  Hhowing,  the  plants  depending 
entirely  on  gas  engines  must  face  very  unfav- 
orable condition*.  They  will  have  on  their 
hands  enormously  expensive  plants,  requiring 
four  or  five  times  as  much  labor  as  the  equiva- 
lent ateam  tnrblne  plant  with  oonatant  danger 
of  delay,  due  to  breakdov>-ns  and  with  mainte- 
nance expenses  reaching  large  figures. 

In  addition  to  all  Inherent  dlsadvantagea  of 
the  gas  engine  rl^n'  i-reviously  noted,  the  fact 
must  not  be  overlooked  that  in  the  space  occu- 
pied hy  one  S.OOO-KW.  gas  engine  generator, 
a  steam  turbine  unit  having  a  rating  of  14,000 
KW.  can  be  installed  with  all  its  atxesioriee. 
and  that  a  gas  washing  plant  need  with  the 
gas  engines  requires  more  space  than  a  boiler 
plant  for  an  equivalent  turbine  installation.  In 
fact,  a  gas  engine  plant  with  Its  aooeaflorles,  re- 
quires so  much  space,  both  in  the  engine  room 
and  out,  that  considerable  difficulty  must  be 
experienced  to  properly  operate  alt  eeetlona  as 
a  unit  plant. 

The  writer  believes  that  the  steam  turbine 
system,  while  not  the  highest  in  effldenoy,  will 
provide  ample  power  for  all  rolling  mill  pur- 
pose. If  such  Is  the  case,  the  greater  reliabil- 
ity of  the  steam  tnrblne  system  far  outweighs 
the  lower  fuel  economy,  and  the  extra  invest- 
ment in  a  gas  engine  plant  will  only  pay  In 
case  there  is  a  profitable  market  for  the  ex- 
cess  jiower  outside  of  the  steel  mill  proper. 

There  is  another  source  of  electrical  power 
for  existing  steel  plants  which  is  extensively 
used  In  Europe,  the  steam  regenerator  and  low 
preBHure  turbo-generator  receiving  an  intermit- 
tent steam  supply  from  reversing  mills  or  from 
non-reversing  mills  subject  to  wide  vaiiatlona 
in  load  or  speed  or  both  and  delivering  a  COn- 
stant  supply  of  electrical  energy. 

A  large  reversing  engine  reauires  60  lbs.  of 
steam  (or  more)  per  horsepower,  A  ateam  tnr- 


tiine  operating  bStwSMt  16  lbs.  absolute  pres- 
sure auil  Inc,  vafuum  reqiilrrp  4"  Um.  of 
steam  per  KW-lir.  Thus,  there  is  available  1.33 
KW.  in  electrical  energy  for  each  horsepower  on 
such  engines,  more  th!«n  eiionph  to  o>ier!'.re  a 
duplicate  mill  electrically.  ihe  gain  by  such 
an  insullation  is  all  "velvet"  and  reattires  a 
relatively  small  outlay  of  capital. 

In  choosing  a  system  of  transmission  and 
utUtsation  of  the  Oleetric  drive  the  steel  worim 
engineer  is  at  first  inclined  'oward  direct  cur- 
rent, owing  to  his  greater  familiarity  with  that 
system  and  to  its  apparent  simplicity.  A  direct 
current  system  has  some  advantages,  such  as 
the  extension  of  an  existing  plant  to  care  for 
the  heavier  requirements  of  rolling  mill  drlv«. 
However,  unless  the  centers  of  distribution  of 
tbe  power  are  very  close  to  the  generators,  the 
transmission  line  will  be  so  expensive  aa  to  be 
prohibitive.  If  an  alternating  current  systero 
is  selected  the  cost  of  the  transmission  line 
may  be  reduced  to  a  relatively  small  propor' 
tlon  of  the  plant  equipment. 

Alternating  current  motors  are  now  offered, 
which  sneceaerully  perform  all  the  functlona 
of  direct  current  motors  and  have  many  SUPO* 
riorities.  such  as  absence  of  commutator  and 
ability  to  handle  '  extreme  overloads.  These 
motors  are  built  In  all  sizes  for  the  operation 
of  roller  tables  as  well  as  for  the  operation  of 
the  main  rolls,  hence  there  Is  no  longer  an  ex- 
cuse for  the  direct  Current  system  where  large 
powers  are  used. 

The  choice  of  frequency  Is  limited  to  S5  or 
f'f'  cycles.  The  lower  frequency  la  preferable, 
owing  to  the  lower  motor  speeds  obtainable 
with  reasonable  cost. 

The  question  of  suitable  speed  for  a  motor 
driving  a  rolling  mill  should  be  solved  by  the 
mill  engineer  rather  than  the  motor  manufac- 
turer. The  former  should,  however,  bear  in 
mind  the  limitations  of  speed  within  which  the 
latter  must  work.  Probably  the  lowest  speed 
for  direct  connection  to  rolls  which  would  be 
considered  would  be  60  r.  p.  m.,  for  25-cycle 
motors. 

Whenever  the  speed  of  the  rolls  exceeds  56 
r.  p.  m.  It  is  preferable  and  cheaper  to  direct 
connect  the  motor  than  to  employ  a  gear  re- 
duction. This  refers  to  mills  reriulring  motors 
of  3,000  HP.  and  larger  for  a  single  roll  stand, 
and  to  many  cases  where  smaller  motors  would 
be  employed.  Where  it  is  necessary  to  drlTO 
more  than  one  roll  stand  from  a  single  motor, 
thus  entailing  gearing  which  would  in  any  ca&e 
bo  charged  against  the  mill,  a  higher  speed  mo- 
tor should  be  used,  but  In  no  case  should  tho 
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gear  ratio  be  greater  than  3:1.  For  motors  of 
tfSOO  HP.  or  larger*  a  loww  gear  ratio  ahonltt 
b©  selected. 

For  a  close  group  ot  siuail  mills,  each  of 
Which  in  succession  does  a  porUon  of  the  total 
work  of  reducing  a  bloom  to  a  commercial 
shape,  the  most  economical  drlire  is  by  a  slugle 
motor.  This  la  dm  to  tho  tati^Mr  offlclency  ot 
a  single  motor  of  large  size  over  several  small 
motors  and  to  the  fact  that  such  a  motor  may 
be  operated  at  more  nearly  Its  fall  load  oontlnr 
uously.  The  first  cost  of  such  a  plan  will  b^ 
appreciably  lower  when  a  single  large  motor 
la  Inatalled. 

The  method  of  drlvlnp  a  srroup  of  small  mills 
from  a  single  motor  must  be  very  carefully  oon- 
atdared  In  eaoli  ease.  If  baval  gears  are  aaed 
the  driving  shaft  must  operate  at  a  relatively 


low  speed  In  order  to  avoid  the  use  of  too  high 
a  gear  ratio  between  tho  shaft  and  rolla.  This 

means  a  low  spefd  and  consequently  an  expen- 
Blve  motor.  If  the  conditions  will  allow  the 
use  of  a  rope  drive  the  motor  may  have  a  fairly 
high  speed  and  the  total  friction  loss  may  be 
reduced.  It  is  probable  that  the  maintenance 
cost  of  a  rope  drive  for  a  group  of  small  mills 
will  be  lower  thir-  for  tho  equivalent  bevel 
gear  drive.  Any  llexible  connection,  such  as  a 
ropo  drlvtf  between  tba  mllla  and  die  motor* 
win  be  favorable  to  the  operation  of  the  latter. 
In  general  it  may  be  said  that  the  higher  the 
motor  apeed  adopted  the  better  will  be  tbe  ef- 
ficiency and  power  factor.  This  Is  shoTrn  by 
the  curves  giving  approximate  value  of  power- 
factor  and  efllclonoy  tor  a  6,000-HP.  motor 
designed  for  varloaa  ayndironotia  apeoda. 


THE  UTOJZATION  OF  FUELS 
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The  fuels  we  have  at  our  dispoeal  for  the 
commercial  generation  of  heat  may  be  tabu-> 
lated  a«  follows  together  with  their  ealorlflc 


AVERAGE  THERMAL  VALVE  OF  FUELS. 
Solid  FueL  British  Thermal 

Coal :  Units  per  lb. 

Newcastle  and  Welsh   15,200 

Lancashire  and  Derbyshire,.  11,600 

Anthracite    15,600 

Ooke   14.S00 

Peat: 

20  per  cent,  water   7,200 

5  per  cent,  water   9,900 

Wood  (average)...........         n  lO 

Charcoal    14,(iuO 

Liquid  Fuel. 
Petroleum  (fuOl): 

American  and  Rus^'lan   19,500 

Caucasus,  Borneo,  Burmah..  18,700 

Blaat-furnace  and  tar  oils. . .  16,000 

Alrohnl.   absolute   12,931 

Alcohol,  10  per  cent,  water. .  11,520 

Alcohol,  methylated   11.160 

OaaeouB  Fuel. 

Natural  gas   21.616 

Coal  gas  (London  16  e.  p.) . .  It.SSO 

Water  gas  (blue).   7,980 

^•cCars  MlTWSd  NfM*  Che  Bootaty  •(  Arts. 


Mond  gas  

Dowson  gas  

Suction  plant  gas. 

Air-coke  gas  

Blast-furnace  gas. 


2, .^.2.^ 
2.353 
S.160 
972 
951 


It  Is  not  enough  to  know  the  calorific  value 
of  a  fuel — one  most  know  the  work  it  has  to 
do  and  be  able  to  fit  the  fuel  to  that  work  be- 
fore true  economy  and  success  can  be  attained, 
and  it  is  for  this  reason  some  fuels  so  poor  in 
calories  as  to  have  been  hardly  considered  until 
lately,  have  achieved  the  greatest  success,  while 
others  Of  many  times  the  heating  value  have 
btM-n  more  sncoej^sful  In  fouling  the  atmcaphere 
than  iu  dulug  the  work  needed. 

The  calorific  value  of  fuel,  however.  Is  chiefly 
of  use  in  giving  n  comparison  between  the 
fuels  themselves,  and  in  its  utilization  we  must 
take  Into  consMeratton  the  work  which  that 
fuel  has  to  do,  and  how  far  It  is  fitted  to  that 
work.  If  we  were  restricted  to  the  use  of  coal 
and  required  a  high  local  Intensity  for  the 
fusion  of  a  mctnl  In  a  furnace,  anthracite, 
which  burns  with  hardly  any  flame  and  gives 
great  local  heat  during  the  combnatlon  of  the 
hlKh  percentage  of  carbon  it  contains,  would 
be  manifestly  the  best  fuel  to  employ,  while  if 
one  required  a  considerable  yolnmo  ot  ItanM 
to  jTcnoratc  hcnt  In  the  combustion  chamber 
and  tubes  of  a  marine  boiler,  we  should  find 
that  the  more  bltnmlnona  coals,  althon^  gl«w 
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log  plenty  of  flame,  would  at  the  same  time 
give  too  mneli  smoke,  and  natural  fitting  of  the 

fuel  to  the  work  would  eventually  lead  us  to 
adopt  Welsh  steam  coal,  which  would  give  us  a 
maxliniim  of  heat  and  flame  In  the  furnaee  and 
tubes  with  a  mlnimnm  of  smoke  from  the  fun- 
nel; that  is,  we  should  by  a  practical  process  ot 
•llmlnatlon  arrive  at  the  point  at  whldi  we 
could  get  the  hlghcRt  rffli  tc  ncy  from  the  fuel, 
but  when  we  came  to  make  up  the  balance 
■beet  of  thermal  units  whl6h  we  had  flrat  ot  all 
utilized  In  the  generation  of  steam  and  then 
converted  into  power  by  means  of  the  marine 
engine,  we  ahould  find  that  It  wonld  oniT  hb  a 
small  proportion  of  the  energy  latent  in  the 
coal  which  had  been  translated  into  worlt,  so 
that  the  real  question  for  eolation  would  be 
more  dependent  upon  the  suitability  of  the  fuel, 
that  is,  the  ease  with  which  it  could  be  ased 
and  the  amount  of  power  that  coutd  ho  got 
from  it,  rather  than  the  amount  of  power  that 
was  originally  in  it. 

During  the  first  half  of  the  last  oenturr  it 
was  solid  fuel  only  that  was  employed  for  the 
generation  of  heat  and  power,  but  the  last  half 
Of  the  century  has  eeen  the  advent  of  liquid 
and  gaseous  fuels,  which  under  certain  condi- 
tlons  proved  themselves  of  the  greatetit  value, 
and  certain  processes  are  now  largely  depend- 
mt  upon  their  use,  this  being  due  to  the  ease 
of  application  which  has  meant  economy  in 
labor  and  greater  facility  for  converting  the 
beat  Into  work.  As  an  example  of  the  easo  of 
application  making  a  fuel  of  poor  calorific  value 
more  effective  in  use  than  coal  of  high  quality, 
one  may  Instance  such  manufactures  as  those 
of  plaBS,  where  in  the  heating;  by  solid  fuel  the 
necefisary  temperature  had  to  be  imparted  to 
the  mass  of  raw  material  through  the  walls  of 
a  thick  llre-clay  retort,  the  dlfllculty  of  appllea- 
tion  here  being  dependent  upon  the  fact  that 
the  eradble  had  to  b«  boated  to  a  very  high 
temperatiire  to  pet  the  necessary  fusing  point 
of  the  glass  mixture,  and  that  maintaining  this 
for  a  oonsiderahle  period  meant  a  big  expendl" 
tnre  In  fuel  and  great  wear  and  tear  to  the 
furnace  and  containing  vessel.  It  was  clear 
that  If  the  fuel  could  be  gastfled,  and  the  clean 
flame  made  to  play  directly  on  to  the  surface 
of  the  mixture  to  be  fused,  instead  of  having 
to  Impart  the  heat  through  tiio  walls  of  the 
containing-  vessel,  an  enormous  economy  would 
be  obtained,  and  this  ia  now  done  by  the  utill- 
intlon  of  producer  gas  and  regeneration  In  the 
continuous  tank  process. 

In  the  same  way  liquid  fuel,  as  soon  as 
methods  could  be  found  for  Its  proper  eombus^ 


tlon,  presented  auch  wonderful  economies  and 
advantages  for  marine  wtwk  that,  In  spite  of 

Its;  being  dearer  than  coal,  it  at  once  found  a 
place  in  both  the  Service  and  the  Mercantile 
Marine.  The  poselhilitsr  of  being  able  to  store 
't  hpiow  the  level  of  the  boiler  in  fho  ballast 
taukti  instead  of  having  as  in  coal  bunkers,  to 
have  the  storage  above  that  level,  at  once  gave 
Increased  apace  in  the  Important  part  of  the 
vessel,  and.  what  was  of  much  greater  im- 
portance In  the  service',  the  being  able  to  eanr 
a  larger  supply  of  latent  energy  in  the  same 
■pace  as  the  coal  occupied  Increased  the  radius 
of  action  of  the  vessel. 

Other  important  economies,  such  as  the 
amount  ot  labor  required  and  ease  with  which 
fuel  could  be  taken  on  board,  not  only  when 
alouKside  but  from  barges  and  other  T.rBH(-l3 
when  afloat,  all  tended  to  economy  in  use,  and 
the  only  reason  for  Its  not  having  been  uni- 
versally adopted  for  service  purposes  is  that 
the  world's  supply  of  fuel  oil  would  not  be 
sufllclent  to  meet  the  demand  of  the  Navy  as 
well  as  the  other  demands  for  it,  while  being 
largely  dependent  for  our  anpply  upon  foreign 
countries  might  prove  disastrous  In  time  Of 
war.  with  the  result  that  It  is  only  employed 
as  an  auxiliary  to.  instead  of  entirely  replacing* 
coal. 

The  total  oil  output  of  the  world  may  bo 
taken  as  being  about  20,000.000  tons  per  an- 
num as  against  800,000,000  of  coal,  and  of  thU 
oil  at  best  only  one-third  is  available  for  taol 
purposes.  The  crude  oil  as  It  comes  from  the 
well  would  be  absolutely  unfitted  for  use,  as  in  • 
most  cases  It  gives  off  Inflacimable  vapors,  at 
fllr  teninf^rnf ures,  and  thps»  iLlngling  with  the 
air  form  highly  oxplosive  miattureB.  The  tem- 
perature at  which  such  Inflammable  vapor  la. 
evolved  Is  called  the  "flaBh  point"  of  the  oil, 
and  for  use  in  the  British  Navy  no  oil  with  a 
flash  point  below  200*  F.  Is  allowed  on  board, 
although  in  the  German  Navy  and  the  Mercatt' 
tile  Marine  the  limit  is  fixed  at  150°.  This 
necessary  limitation  means  that  the  entde  oil 
as  It  comes  from  the  well  has  firf^t  und«»rKO 
a  process  of  distillation,  the  more  vulaiile  por- 
tions yielding  petroleum  spirit  or  petrol.  em-> 
ployed  in  motor  cars,  etc.,  while  higher  frac- 
tions flashing  above  73"  F.  form  the  lamp  oil. 
used  for  Illuminating  purposes,  and  with  most 
rrudr"  oils  It  is  only  the  residue,  which  from 
American  oil  is  called  "residuum"  and  trqm 
Russian  oil  "Oetatki,"  that  fuel  oil  supplies  can 
<lra\vij. 

Nut  only  does  the  use  of  liquid  fuel  for  ma- 
rine purpraes  present  great  economies  In  labor 
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and  storage,  but  welgbt  (or  weight  it  has,  when 
property  uied,  over  40%  greater  evaporatlTe 

power. 

By  far  the  largest  perceatages  of  coal  are 
niMd  In  CftctorlM  and  works  where  tt  la  em- 
ployed for  the  production  of  heat  and  power, 
and  for  these  purposes  It  has  now  beeo  realized 
that  the  gaalllcatloii  of  the  coal  hefore  «m  leada 
to  such  enornidiis  r-ronomles  that  this  pro- 
cedure is  almost  universal  iQ  Germany,  and  baa 
been  adopted  In  many  of  the  more  tip-to-date 
wr,rk8  In  this  Klnjcdom,  and  the  subjecf  nf 
power  gas  production  Is  one  of  the  most  inter- 
evtlng  of  the  day. 

The  Idea  of  making  a  poor  fuel  r' «  '  -  t  n-a- 
ing  air  through  a  column  of  tncandescent  car- 
bon In  an  endOMd  generator  probably  datea 
back  to  Bischof's  experiments  In  but  was 

elaborated  in  1857  by  Siemens,  and  In  combi- 
nation with  hla  aystem  of  regeneration  tt 
achieved  a  wonderful  success  and  revoltttlon- 
Ised  many  manufacturing  processes. 

In  the  earlier  form  of  generator  the  air  was 
sucked  by  a  chimney  draught  through  the  fuel 
bed. 

The  trouble  and  llmitatlona  nuaed  by  suok- 

iug  the  uir  blast  through  soon  gave  rise  to  the 
idea  of  forcing  air  through  by  means  of  a 
blower,  but  when  this  was  done  It  .was  found 
that  the  temperature  of  the  fuel  in  the  gen- 
erator became  so  intense  that  troublea  with 
cUnkertng  and  fusing  of  the  furnace  bare  soon 
resulted,  which,  however,  could  be  got  over  by 
Injecting  steam  with  the  air  into  the  fuel  bed, 
and  this  could  be  conveniently  done  by  using 
a  steam  injector  in  ptnee  (rf  a  blower.  It  was 
then  found  that  the  presence  of  the  steam  not 
only  kept  down  the  temperature  in  the  gen- 
erator to  a  point  Which  could  be  regulated  to  a 
nicety  by  the  amount  of  steam  used,  but  also 
brought  the  calorific  value  of  the  gas  formed 
VP  from  72  B.T.U.  per  cu.  fL  to  Just  double 
that  nmoiint,  this  being  due  to  the  decompo- 
sition of  the  steam  by  the  Incandescent  carbon 
giving  a  large  proportion  of  hydrogen  to  the 
gas.  This  so-called  seml--water  pas  or  Dowion 
gas  hm  au  average  coiupusitlon  of: 


Dowson  producer  gas.  5( 

CarboD   monoxldS.   25.07 

Caitxui  dioxide   6.37 

Hydrogeu    18.73 

Methane  ,   0.64 

Nitrogen   48.9S 


and  this  pas!.  hctn^:  found  not  rinly  excellent  for 
the  beating  of  furnaces  but  also  well  adapted 
for  use  In  the  Internal  combustion  motor,  waa 


capable  of  providing  all  the  beat  and  power  re- 
quired in  a  works. 

A  modification  of  this  method  was  employed 
by  Dr.  Ludwig  Mond,  and  has  proved  itself  very 
successful  for  the  production  of  power  In  large 
works.  In  this  process  th*>  fmpprature  of  the 
fuel  in  the  generator  Is  kept  down  by  the  use 
of  large  volumea  of  steam,  no  less  than 
tons  of  steam  and  3  tons  of  air  being  used  in 
the  gasification  of  every  ton  of  slack,  and  the 
great  advantage  of  this  method  of  working  la 
that  the  nitrogen  present  In  slack  coal  to  the 
extent  of  about  1%  becomes  converted  into 
amnronla.  which  can  be  extracted  tnm  the  gas 
as  ammonium  sulphate  by  washing  it  in  Its 
passage  through  the  scrubbers  with  dilute  sul- 
phuric add.  the  aulplbate  of  ammonia  so  formed 
being  one  of  the  most  important  manur«^8  for 
agricultural  purposes,  and  for  which  there  is 
an  almost  unlimited  demand,  and  the  price  ob- 
tained for  the  by-product  makes  the  gas  ob- 
tained in  this  way  an  extremely  cheap  form  of 
power,  but  only  becomes  economical  when  done 
on  a  big  scale  In  works  using  about  4.000  HP. 

It  must  be  iKirne  in  mind  that  the  gas  made 
from  coal  by  destructive  dlstillatfon  is.  after 
;tll,  iie.xt  to  natural  gas.  the  most  valuable  of 
the  gaseous  fuels,  as  it  contains  from  three  to 
four  times  the  beating  value  of  the  semi-water 
gas.  and  the  only  thing  which  militates  against 
Its  use  Is  its  cost.  If  only  coal  gas  could  be 
supplied  at  S4  to  39  cents  per  thousand,  tt 
would  be  one  of  the  most  valuable  fuels  for  all 
purposes. 

Water  gaa.  which  was  first  discovered  at 
the  close  of  the  eighteenth  century,  and  was 

made  a  commercial  success  only  within  the 
last  twenty  years,  Is  a  mixture  of  aearly 
equal  proportions  of  hydrogen  and  carbon 
monoxide.  i)ro(lurefl  by  the  pRBsa^e  of  steam 
through  incaudesceni  carbuu,  and  when  made 
by  ouch  improved  processee  as  the  Dellwlk  has 
now  pro\ed  of  enormous  value  for  the  welding 
of  big  tubes  and  for  other  purposes  of  that 
kind  to  which  the  application  of  solid  fool 
would  offer  many  dlfRcultles. 

The  conversion  of  a  solid  fuel,  like  coal,  into 
gaseooa  fuel,  entalla  a  loss  of  at  leaat  20%  of 
the  heat  unlt.s  present  In  the  coal.  For  In- 
stance, taking  a  ton  of  slack,  with  an  average 
heating  value  of  15.000  B.T.U.,  one  eonld 
make  from  it  11.900  lbs.  of  producer  gas. 
which  would  contain  25.704.000  B.T.U..  but 
the  coat  Itself  would  have  contained  tS.COO,* 
000.  while  If  we  had  taken  coke  and  had  con- 
verted It  into  2,600  lbs.  of  water  gas,  this 
would    have   contained    20.748,000  B.T.n.« 
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whereas  the  coke,  wttb  Its  calorlflc  value  of 
14,2SS  B.T.U.  per  lb.,  woald  bave  been  about 

iO%  more. 

Wtaea,  however,  we  come  to  burn  the  ooal 
br  direct  flrliiK  we  flnd  tbiit  tbere  sre  eeveml 

fartors  which  reciuce  the  amount  of  heat  that 
caa  be  utilized  to  a  small  fraction  of  the  orlgl- 
aal. 

On  first  stoklug  the  furnace  fire  dense 
smoke  is  at  once  seen  to  issue  from  the  chim- 
ney, timing  to  tbe  ftiet  tbat  the  beat  of  the 
fire  Ib  distilling  off  gaa  and  tar  vapor  at  such 
a  rate  that  a  considerable  proportion  escapes 
complete  combustion,  the  same  action  of  dis- 
tilling out  the  ga8  and  vapor  rendering  latent 
a  certain  amount  of  heat,  while  the  escape  of 
products  of  incomplete  combnstloii  and  even 
unburnt  vapors  and  hydrocarbon  gases  still 
•till  farther  lower  the  amount  of  energr  that 
Is  conTOrted  Into  sensible  heat  Then,  again, 
double  or  treble  the  quantity  of  air  indicated 
by  theory  has  to  be  employed  in  order  to  get 
anything  like  complete  combustion,  and  as 
this  air  consists  of  approximately  only  on^ 
fifth  oxygen,  and  all  the  residual  nitrogen  as 
well  as  the  products  of  combustion  are  heated 
to  a  very  high  temperature  and  are  carried 
away  up  the  chlmner,  this  also  means  a  heavy 
heat  loss,  and  tbe  final  result  is  tbat  It  has 
been  estimated  that  in  a  verjr  large  proportion 
of  furnaces  only  10%  or  even  less  of  the  heat 
value  of  the  fuel  is  actually  used. 

When,  however,  tbe  fuel  has  been  flrst  gaal- 
fledp  the  gaseousi  fuel  requirca  only  a  compara- 
tlTtijr  small  proportion  of  air  to  complete  its 
combustion,  and  owtng  to  Its  mobility  in  the 
gaseous  state  thlfs  n\T  cnn  hr  so  completely 
mingled  with  the  combustible  gases  as  to  in- 
sure complete  oonbustloii  takins  place  with 
very  little  more  than  the  theoretical  quantity 
of  air,  tbe  loss  of  heat  by  distillation  Is  jivold- 
«d«  combustion  ts  oompleto,  and  the  prodttelt 
of  eombustlon  belns  antlrety  saseous  and  fres 


from  suot.  the  heat  in  them,  instead  of  being 
carried  away  by  the  ehlmnesr,  can  be  recelTed 
In  regenerative  devices  an  1  returned  to  the 
furnace.  The  result  is  that  the  total  amount 
of  heat  utilised  will  be  four  or  flme  times  sa 
great  as  when  coal  wag  rmployed,  and  this 
not  only  makes  up  for  the  loss  of  the  20%  due 
to  goaUlcatlon.  but  leaTcs  a  large  marsln  of 
economy  and  does  away  with  the  black  pall 
of  smoke,  which,  issuing  from  the  factory 
shaft  where  solid  fuel  ia  used,  forms  a 
dense  smoke  cloud  over  our  mannlaetvrlng 
centers. 

It  must  also  be  remembered  that  with  direct 

firing  each  furnace  has  to  be  separately  fed, 
and  tbat  although  mechanical  stokers  and 
other  labor-iavlng  devices  will  reduce  both 
smoke  and  labor,  yet  nothing  can  compete  in 
a  large  works  with  the  convenience  and  econ- 
omy  of  gasifying  the  whole  of  the  fuel  ussd 
In  a  generator  of  a  modified  Mond  type,  recov- 
ering the  nitrogen  of  the  slack  in  the  form  of 
ammonium  sulphate,  and  piping  .  the  gas 
through  the  area  of  the  works  for  combustion 
in  the  various  furnaces,  while  the  gas  serves 
not  only  for  heating,  but  for  power  purposes, 
when  the  economy  In  ttso  Is  siTMi  graatcr  than 
for  furnace  firing. 

In  enumerating  the  advantages  and  econo- 
mies of  gaseous  fuel  it  is  usual  to  lay  ^reat 
stress  upon  the  fact  that  alack,  smalls  and 
smudge  are  used,  and  that  these,  being  of  no 
use  as  domsstlc  fuel,  oould  be  obtained  at  a 
very  low  price.  A  very  cirions  pha^e  of  the 
fuel  question,  however,  haa  arisen,  in  ihat  all 
the  ImproToments  In  combustlOD  devlceo  har^ 
Ing  been  designed  with  a  view  to  utilizing  thlg 
cheap  fuel,  the  r«iult  has  been  that  in  manu- 
facturing dUitricts  the  demand  for  it  Is  now 
greater  than  that  for  sizable  coal,  so  that  It 
has  risen  in  price  to  a  point  at  which  the  vast 
eoonomiss  aCtrlbntsd  to  It  in  the  past  hvn 
practically  disappeared. 


CALCULATIONS  FOR  CHOKING  COILS 
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It  frequently  happens  In  practice  that  some 

form  of  electrical  apparatus  has  to  bo  con- 
nected to  the  supply  mains  having  a  higher 
voltage  ttian  that  for  which  the  apparatus  is 
designed,  and  in  such  cases  it  becomes  neces- 
sary to  reduce  the  voltage  so  that  the  current 
flowing  through  the  apparatus  does  not  reach 


an  abnormal  value.  As  an  example,  an  are 
lamp  requiring  only  SO  volts  may  have  to  be 
supplied  with  current  from  mains  working  at 
100  volts  or  over.  The  best  wsy  out  of  the 
difficulty  is  to  connect  two  or  more  lamps 
In  series:  but  this  is  not  always  possible,  and 
even  It  It  Is  possible  it  may  not  be  desirable. 


JUNE.  isos. 


629 


THE  ENGINEERING  DIGEST 


In  the  case  of  a  direct-current  supply,  the 
problem  of  redulns  the  voltage  at  the  lamp 
terminals  is  very  easily  solved,  for  it  simply 
remains  to  design  an  ohmic  resistance  which, 
when  the  proper  current  is  flowing  through 
it,  gives  the  d^^plrpd  drop.  This  is  extremely 
simple,  but,  at  tho  same  time,  gives  rise  to 
oonalderalilfl  wuto  of  power,  as  can  readily 
be  seen,  the  same  number  of  wattf?  bfint^ 
wasted  in  the  reslstauce  as  are  being  ex- 
pended on  the  lamp,  and  consequently  the 
(5onsumer  pays  Just  as  much  for  redudcc:  the 
pressure  as  Is  paid  for  the  light  Uofortu- 
nateljr,  wltli  dlreet  current  this  la  unavoid- 
able, but  where  an  alternating  current  la  used 
this  loss  can  be  very  much  reduced  if  a  cholL- 
tng  ooll  Is  used  In  place  of  tlie  obnle  reils^ 
ance.  The  design  of  a  choking  coll  presents 
but  little  difficulty,  and  involves  no  great 
ImowtedKO  of  olteniatlBg  current.  In  the 
first  place,  It  Is  necessary  to  observe  that  the 
voltage  which  must  exist  across  the  terminals 
Of  the  choking  ooll  to  reduce  tka  Toltnge  at 
the  lamp  terminals  is  not  grlven  by  100 — 50. 
as  previously  shown  for  an  ohmic  resistance 
for  use  In  a  dtreet-enrrent  dreult.  In  the 
present  case  thr  "RM.F,  due  to  the  self-ln- 
ductlon  of  the  choking  coil  is  very  nearly 
90*  out  of  phase  with  the  effeetlTe  B.M.P. 
The  various  voltnc:'  ?  -vhlch  we  have  to  deal 
with  may  be  represented  by  a  right-angled  tri- 
angle. The  hase  of  this  triangle  represents  the 
voltage  across  the  terminals  of  the  lamp,  the 
perpendicular  the  volts  across  the  choking  coll, 
and  the  hypothennse  the  Toltage  across  the 
mains.  Hence,  If  we  know  the  voltage  acrnss 
the  mains  and  the  voltage  required  across  the 
lamp,  we  can  find  the  value  of  the  cfaofclng- 
coll  voltage,  for  It  Ib  tlie  lensth  of  the  per- 
pendicular of  the  triangle.  Using  the  same 
figures  as  before,  we  have  voltage  across  chok- 
ing coll  termtnals  equals 

v'lOOi  _  -  50^  .=  87  volts. 

Having  found  tho  voltage  which  the  choking 
coll  must  give  across  Its  termlnala,  let  ns  ex- 

aniln*:-  the  formula  for  civing  the  voltage  of  a 
choking  coll.   The  formula  is 

4.44  N  &  T 
B  =   (I) 

108 

wh'^re  N  Is  the  Tnaprnetlc  flux,  n  the  periodicity 
of  the  supply,  aud  T  the  number  of  turns.  It 
Will  be  seen  from  this  that  the  only  two  quan- 
tit!*'?^  ovor  whi{«h  we  hnvo  control  In  designing 
a  choking  coil  are  N  aud  T,  and  that  we  can 
vary  these  In  whatever  way  we  like,  provided 


their  product  remains 
above  tormnla — 


constant.    From  the 


N  T 


4.44  n 


it) 


At  this  stage  it  may  be  mentioned  that  in 
a  choking  coil  of  this  type  it  is  not  advisable 
to  have  a  closed  magnetic  circuit,  as  would  be 
obtained,  for  example,  by  winding  the  wire 
on  a  laminated  iron  ring,  if  wc  do  this  the 
reluctance  of  the  niae:nptfc  cin  u!t  would  be 
very  small,  and  we  shuuid  have  a  big  X,  and 
a  correspondingly  large  section  of  iron.  It 
is  usual  with  such  choking  colls  to  h:trodiice 
an  air  gap  in  the  iron  circuit,  and  la  the 
calculations  to  neglect  the  reluctance  of  the 
Irnn  ^3.rt  of  the  circuit,  and  to  assume  that 
the  whole  of  the  reluctance  Is  due  to  this  air 
gap.  Platea  of  IS  mils,  tbldtnesa,  and  of  the 
shape  of  a  block  letter  "C,"  frequently  con- 
stitute the  core  for  choking  colls  of  this  type. 
In  the  preeent  example  we  will  flx  the  length 
of  the  air  gap  at  0.5  cm.  The  volume  of  iron 
to  be  used  can  best  be  found  by  deciding  upon 
what  loss  is  to  be  allowed  In  the  core.  Tho 
watts  taken  by  the  lamp  are  10  x  50  =  600, 
and  If  we  limit  the  core  losses  to  10%  of  this 
it  will  be  a  very  fair  valne,  and  it  will  be 
noticed,  neglecting  the  loss  In  the  windings, 
a  saving  of  40%  will  result  by  employing  a 
choking  ooll  Instead  of  the  ohmic  rsstatanoo. 
The  formula  for  the  Iron  hMMa  In  a  trans- 
former or  choking  coil  is 

W  =  V  (K  n  Bi  8  X  10--  +  O  a!  Ba  x  10-J«) 

where  V  Is  the  volume  of  the  Iron  in  cubic 
eentlmetera,  n  the  periodicity,  K  a  constant 

=0.0024,  t  the  thickness  of  tho  Iron  p1nti-i  in 
mils.,  and  B  the  maximum  flux  density.  As 
regards  the  last  avantlty.  this  Is  the  virtual 
flux  density  multiplied  by  v'2,  or  1.41  i  Tn 
the  same  way  we  shall  presently  have  to  deal 
with  the  maximum  current,  which  is  1.414 
ttnu'B  the  virtual  current,  or  the  current  reg- 
istered on  the  ammeter.  If  we  take  the  vir- 
tual flux  density  as  6,000  per  bq.  em.,  which 
is  a  suitable  value  for  choking  colls,  then  the 
maximum  flux  density  will  be  5,000  x  1.414  s 
7.000.  Assuming  the  periodicity  of  the  circuit 
to  be  80  cycles  per  second,  we  can  then  fill  In 
the  values  of  the  above  formula,  and  calculate 
the  volume  of  the  iron,  which  will  be  found 
to  he  1,470  cu.  cm. 

In  order  to  find  the  number  of  turns  of  wire 
to  wind  on  the  core,  it  will  be  convenient  to 
assume  that  we  have  only  to  force  the 
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netic  lines  throosh  tbe  air  gap.  If  we  do 
thle,  tben  we  may  write 

Ampere  turns  AT      L  0/1.237 
where  L  la  the  length  of  the  air  gap  In  centl- 
meten.    Putting  the  valnea  la  thla  fomnila. 

we  have  AT  =  2,800. 

Dividing  thia  by  the  mazlmom  oarrent  VFx  10, 

we  have 

S.800/14.14  »  20€  turns. 

Multiplying  this  valur  hy  the  flux  In  one  square 
centimeter  of  the  iron,  we  have  200  x  7,000  = 
1.400,000;  hnt  If  we  put  the  values  In  tormvto 

(2)  we  can  calculate  what  the  aCtttSl  proAUCt 
of  the  flux  and  turns  should  be: 

87  X  101 

  -  S4»S00»000. 

4.44x80 

It  will  be  noticed  that  87  Is  the  virtual  value 
Of  the  volts,  as  registered  by  the  voltmeter. 
Therefore,  to  And  the  «res  ef  the  core,  we 
must  make  1,400,000  a  virtual  value— that  Is, 
divide  It  by  V2,  when  we  have  area  of  core 


24,500,000 


1.400.«ftl> 

=  «=  25  sq.  cm. 

V» 

The  total  length  of  the  core  will  obTtOttily 
be  the  volume  divided  by  the  area, 
or,  1,470/23  =  59  cm., 
measured  from  the  two  faces  at  the  air  gap. 
The  core  plates  should  be  built  up  so  as  to  give 
a  square  section  5x5  cm.  It  now  simply  re* 
mains  to  atiwA  s  ootton-oovered  wire  having  a 
carrv'lng  capacity  of  10  amperes  on  a  baals  of 
1,000  amperes  per  sq.  in.,  and  to  wind  200 
turns  on  the  llDnh  opposite  to  the  air  gap.  It 
may  he  found  that  a  few  more  or  a  few  less 
turns  are  required  to  get  the  correct  voltage  at 
the  lamp  terminals,  and  It  Is  sdvlsaMe  to  test 
the  coll  before  the  wire  Is  cut.  The  lamina- 
tlons  must  be  Insulated  from  one  another  by 
InsulatlBg  vamlah  or  paint,  or,  bettw  still, 
with  thin  paper  fastened  to  the  lamlnatlotts 
with  shellac  varnish. 


ELECTROMAGNETIC  HARDNESS  TESTER 
FOR  IRON  AND  STEEL 

By  £.  R  LAKE 

SLtOHTLT  CONOBNSBD  FSOM  THB  "AMBRICAN  MACHINIST" 


As  It  Is  often  desirable  to  know  the  «taet 

degree  of  hardness  of  a  piece  of  steel  the  prin- 
ciple of  the  magnetic  balance  has  been  brought 
Into  ttse  and  aa  Instroment  dsslgasd  tike  that 
shown  In  f\k-  I  has  given  sood  rssults  for 
certain  classes  of  work. 

Fenwmagnetle  bodies  ars  governed  hy  the 
Itollowlng  two  laws: 

First — The  magnetic  capacity  is  directly 
proportional  to  the  softaeso  or  molecular  free- 
dom. 

Second — The  resistance  to  a  feeble  external 
magnette  force  Is  directly  as  the  hardness  or 
molecular  rigidity. 

These  laws  hold  good  for  every  variety  of 
Iron  and  steel  and  the  magnetie  balance  shows 
that  annealing  not  only  prodaices  softness  In 
Iron,  and  consequently  molecular  freedom,  but 
It  enUreiy  frees  It  from  all  strains  previously 
Introduced  by  drawing  or  bammerinK. 

Thus  a  bar  of  steel  drawn  and  hammered 
may  have  a  flhrous  ttructure,  and  this  would 


give  a  greater  nedianiosl  strength  In  one  di- 
rection than  In  another,  but  If  thorouRhly  an- 
nealed after  heating  to  its  highest  recalescent 
point  oven  traces  of  Its  former  strains  are  re* 

moved  and  It  becomes  homogeneous  In  all  di- 
rections by  the  molecular  cohesive  force  equal- 
ising itself  In  all  directions  from  the  common 

center.  If,  however,  any  distinct  separations 
of  the  molecules  have  taken  place,  they  will 
show  In  the  form  of  mtcroeeopic  erack,  or  in 
cracks  large  enough  to  be  seen  with  the  naked 
eye,  and  these  will  retard  the  equalisation  of 
the  coheelve  force. 

The  carbon  ctintents  of  all  steels  are  rela- 
tively proportional  to  their  hardness,  whether 
the  metal  be  annealed,  hardened  or  tempered: 
therefore,  by  u.slng  a  hardness-testing  instru- 
ment that  will  give  accurately  the  degree  of 
hardness,  the  carbon  contents  of  the  metal 

run  lie  judgeil. 

In  calculating  the  carbon  contents  by  this 
method  different  standards  will  have  to  be 
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no.  1.    DBTAILS  OF  IN8TRUMBNT  FOR  TB8TIN0  HARDNB8S. 


used  for  dlirerent  gndm  of  stool,  m  aomo  of 

the  materlalB  used  in  the  ordinary  and  alloyed 
8teel«  alter  the  degree  of  hardnet*  gtvaii  tbo 
lootal  by  ttao  carbon*  bnt  If  a  tot  of  standards 

■in-  istr-blished  for  the  different  grades  of 
steel,  then  the  percentage  of  carbon  can  be  as- 
oortalnod.  PraaUcal  teats  bavs  sbOwn  tbat 
tbe  carbon  contsnts  can  b«  ostlmated  wltbia 
about  O.OSSfk 

HardnoBB  Is  only  a  relatlvo  term,  yet  to  tbe 
practical  mechanic  working  lu  steel  it  has  a 
definite  meaning,  and  It  la  one  ot  the  princi- 
pal properties  of  tbts  metal.  If  a  set  of  stand* 
ards  have  been  established  the  degree  of  hard- 
ness will  also  indicate  the  tensile  strength  and 
otber  properties  wbleb  a  given  grade  of  steel 
dkould  have. 

As  the  best  grades  of  steel  may  fail  it  they 
are  not  properly  beat-treated  it  Is  not  only 
necessary  to  know  the  chemical  composition 
and  the  physical  properties  of  the  metal,  bat 
also  that  the  right  degree  of  hardness  has  been 
obtained,  as  the  highest  efficiency  of  a  given 
piece  of  steel  Is  In  all  cases  at  a  certain  de- 
gree of  hardness,  wbether  that  elBcienc^  re- 
fers to  Btrengtb,  elaatlidty,  cutting  or  any 
other  qualities. 

Thus  accurately  obtaining  the  degree  of 
bardnesB  is  very  Important  for  many  classes 
of  work  and  the  instrument  described  in  this 
article  will  give  these  reHults  on  all  paramag- 
netic metals  which  have  not  previously  bean 
magnetized.  Metals  which  have  been  mag- 
netized by  numerous  tests  In  this  Instrument 
or  by  some  otber  means,  will  not  give  tba 


readings  whldi  tbey  sbould,  owing  to  tlrn 

greater  resistance  given  the  magnetic  cunont 
sent  through  them  by  the  Instrument. 

Tests  can  be  made  on  i»iece«  In  tbe  rough  aa 
well  as  fiiiishi^d  work  reg.irdless  of  their 
shape.  This  makes  a  rail  or  projectile  as  easy 
to  teat  as  a  flnlabed  raaor  blade,  and  materials 
can  be  tested  before  any  work  has  Ticga  done 
on  them,  as  well  as  getting  the  degree  of  ao* 
curacy  with  which  tbe  flnlehed  work  baa  been 
heat-treated. 

Table  1.  gives  the  magnetic  capacity  of 
east  Iron  and  steel  with  different  percentages 
of  carbon  from  readings  on  the  Instrument.  It 
also  shows  the  tensile  strengths  which  these 
metals  should  bsTe. 

On  preparing  the  Instrument  for  use  the 
plate  on  which  the  apparatus  Is  mounted  must 
be  perfectly  borlsontal.  In  order  to  obtain 
this  position  two  spirit  levels  are  affixed  to  the 
plate  on  either  side  of  the  magnetic  needle, 
and  four  adjusting  screws  are  used  for  feet  on 
the  under  side  of  the  plate.  Two  of  these  aro 
shown  in  Fig.  2.  and  turning  them  to  ths 
right  or  left  raises  or  lowers  the  plate. 

Tbe  Inatrutii' I  t  mu  t  tin  n  be  located  so  the 
magnetic  needle  A,  Fig.  1,  will  point  north  and 
south  when  at  the  two  zero  points  on  the  cop- 
per dial  underneath  It.  The  needle  and  dial 
are  covered  with  a  case  with  a  glass  top  so 
as  to  ehminato  the  effects  of  tbe  pressure  and 
currents  of  the  air.  Osdllatlona  of  the  nesdla 
are  stopped  by  pressing  on  a  push  button 
wlilch  lowers  the  pivot  until  the  needle  strikes 
the  dial. 
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Solenoids  or  spools  B  and  C  are  mounted 
on  the  plate  by  being  fastened  to  a  metal 
frame  with  four  slots  in  it.  They  are  held 
In  position  on  opposite  sides  of  the  magnetic 
needle  by  bolts  which  pass  through  the  plate 
and  the  slots  In  the  frame.  On  these  bolts  are 
nurled  nuts  and  the  solenoids  can  easily  be 
moved  close  to  or  away  from  the  magnetic 
needle  in  order  to  increase  or  reduce  the  mag- 
netic force.  Beside  each  solenoid  is  located 
A  scale  80  that  a  fine  adjustment  and  accuracy 
can  be  obtained  in  the  increase  or  reduction  of 
the  magnetic  force. 

A  rheostat  D  is  located  back  of  solenoid  B 
for  regulating  the  current  and  in  front  of  the 
magnetic  needle  A  is  a  commutator  E.  This 
is  used  to  reverse  the  current  of  electricity 
passing  through  the  solenoids. 

To  the  right  of  the  small  solenoid  C  is  a 
compensator  F.  This  consists  of  a  large  cop- 
per disk,  each  quarter  of  the  half  of  which  is 
divided  into  180  equal  parts  as  shown  at  G. 
On  top  of  this  disk  is  mounted  the  electro- 
magnet H.  which  is  provided  with  the  indica- 
tor I  for  giving  the  readings  on  the  circular 
scale. 

Two  or  three  dry  batteries  may  be  used  to 
furnish  the  current  and  these  simplify  the 
operation,  but  others  can  be  used,  providing 
the  current  furnished  is  sufllclently  constant. 
The  batteries  are  connected  to  binding  posts  J 
on  the  plate  and  should  provide  a  current  of 
from  3  to  8  volts.  A  galvanometer  may  also 
be  attached  to  the  Instrument  for  determining 
the  force  of  the  current. 

One  current  passes  from  the  battery  through 
the  commutator  E.  the  testing  solenoid  B  and 
the  small  solenoid  C.  thence  through  the  com- 
mutator E,  the  rheostat  D  and  back  to  the 
battery.  Its  direction  is  shown  by  the  dotted 
line  L.  This  current  can  be  made  to  flow  in 
the  opposite  direction  by  reversing  the  com- 
mutator. 

Another  current  passes  from  the  battery 
through  the  electromagnet  H  and  back  to  the 
battery.    The  direction  of  this  is  shown  by  the 


dotted  line  N.  With  these  two  currents  the 
magnetic  balance  is  obtained. 

Before  putting  the  piece  to  be  tested  in  the 
instrument  the  indicator  I  on  the  electro- 
magnet should  be  placed  at  zero,  the  current 
sent  through  the  solenoids  in  one  direction 
and  the  solenoids  moved  toward  or  away  from 
the  magnetic  needle  A  until  it  rests  at  the 
zero  point.  The  current  should  then  be  re> 
versed  by  the  commutator  to  see  that  the 
magnetic  needle  did  not  move  away  from  the 
zero  point.  This  would  prove  that  the  instru- 
ment was  in  true  balance. 

The  current  through  the  solenoids  should 
be  turned  off  and  the  piece  to  be  tested  in- 
serted In  the  center  of  solenoid  B,  which 
should  be  provided  with  supports  for  holding 
the  same.  The  current  should  then  be  turned 
on,  and  this  will  cause  the  magnetic  needle 
to  move  to  the  east  or  west,  owing  to  the 
test  piece  becoming  magnetized  and  disturb- 
ing the  balance  of  the  Instrument. 

The  electromagnet  II  Is  then  moved  to  the 
east  or  west  enough  to  bring  the  magnetic 
needle  back  to  the  zero  point  and  establish 
a  magnetic  equilibrium.  The  figure  which 
the  indicator  I,  on  the  electromagnet  H,  points 
to,  on  the  scale  G,  is  recorded  as  the  first  read- 
ing. The  current  through  the  solenoids  is 
then  made  to  flow  in  the  opposite  direction. 
This  causes  the  magnetic  needle  to  deflect  in 
the  opposite  direction  from  the  zero  point 
and  the  electromagnet  is  moved  in  the  oppo- 
site direction  to  bring  the  magnetic  needle 
back  to  zero.  The  figure  to  which  the  indi- 
cator I  then  points  is  added  to  the  one  previ- 
ously obtained  on  the  opposite  side  and  the 
total  Is  called  the  magnetic  capacity  of  the  test 
piece. 

To  determine  the  magnetic  capacity  by  pass* 
ing  the  current  direct  or  reverse  through  a 
piece  It  must  not  have  any  of  the  artificial 
magnetism  given  it  by  forging  or  tempering, 
forged  or  tempered  iron  or  steel  always  being 
magnetized. 

In  comparing  the  hardness  of  pieces  of  dlf- 
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FIG.  3.    INSTRUMENT  FITTED  WITH  SLIDING  CARRIAGE. 


ferent  sizes  and  shapes  on  this  instrument  it 
Is  necessary  to  know  the  cubic  contents  of  each 
piece,  as  by  placing  a  test  piece  In  solenoid 
B  we  obtain  an  electromagnet  which  must  be 
balanced  by  the  electromagnet  H  and  the 
greater  the  cubic  contents  the  greater  will  be 
the  magnetic  force  required  to  effect  this  bal- 
ance. 

After  placing  a  piece  of  iron  or  steel  in  the 
testing  solenoid  we  have  an  electromagnet  of 
which  the  magnetic  body  (m^)  flows  through 
the  magnetic  body  (m^)  from  the  needle  of 
the  compass,  in  such  a  way  that  the  force  (f), 
with  which  a  magnetic  pole  attracts  rfr  re- 
pulses the  opposite  pole,  Is  proportional  to 
the  size  of  the  active  bodies  m    and  m  and 

1  2 

is  in  reverse  proportion  to  the  square  of  the 
distance  (r)  between  the  magnetic  poles. 
Thus 

f  =  m^mjrt 

Using  this  formula  the  solenoids  can  be  placed 
in  accord  with  the  needle  of  the  compass  by 
moving  the  objective  solenoid  toward  or  away 
from  the  needle  and  moving  the  right-hand 
solenoid  until  the  proper  balance  Is  obtained. 
This  will  strengthen  or  weaken  the  electro- 
magnet according  to  the  size  of  the  piece  be- 
ing tested. 

Tests  made  with  pieces  of  different  sizes 
and  shapes  show  that  the  magnetic  capacity  is 
proportional  to  the  surface  of  the  piece  and 
its  body. 


By  extensive  exiwrlmentB  It  has  been  shown 
that  the  electromagnetic  instrument  agreed 
with  the  physical  tests  for  testing  hardness. 
Among  the  physical  tests  used  in  comparison 
was  the  Brinell  test.  A  test,  however,  which 
is  made  by  pressing  steel  balls  into  a  test  bar, 
or  with  a  knife  edge  pressed  in,  or  with 
punches  or  flies  can  only  be  approximately  cor- 
rect and  cannot  be  used  at  all  when  the  metal 
tested  is  in  its  hardest  state,  therefore  a  mag- 
netic balance  is  far  superior  to  these  methods. 

The  instrument  has  been  used  successfully 
in  Europe  for  testing  the  lock  on  gun  barrels 
and  these  gun  locks  were  tested  in  comparison 
with  a  bar  of  iron  thoroughly  annealed,  which 
gave  a  magnetic  capacity  of  220.  In  8  hours 
as  many  as  1,000  pieces  have  been  tested. 

Before  using  the  instrument  a  great  many 
pieces  broke  and  split,  but  with  the  instrument 
degrees  of  temperature  for  hardening  and  tem- 
pering the  metal  were  established  which  nearly 
abolished  these  faults. 

In  the  testing  of  projectiles  this  Instrument 
has  also  been  made  very  useful  in  Europe,  and 
Fig.  3  shows  an  Instrument  fitted  with  a  slid- 
ing carriage  for  inserting  the  shell  into  the 
solenoid.  This  style  of  instrument  will  handle 
projectiles  up  to  6  Inches  in  diameter. 

The  main  points  of  usefulness  lie  in  the  facts 
that  the  Instrument  can  test  finished  work 
without  marring  or  indenting  the  finished  sur- 
faces; that  It  can  be  used  on  rough  metal. 


TABLE  I.— MAG.NKTIC  CAPACITY  OF 

Percentage  of 
Kind  of  .Metal.  Carbon. 

Cast   Iron   0.07  to  0.10 

Carbon  Steel   0.10  to  0.20 

Carbon  Steel   0.20  to  0.30 

Carbon  Steel   0.30  to  0.40 

Carbon  Steel   0.40  to  0.50 

Carbon  Steel   0.50  to  0.60 

Tool  Steel   0.80  to  1.30 


METALS  WITH  VARIOUS  CARBON  CONTENTS. 

Tensile  Strength  in 
lbs.  per  sq.  in. 


I  Magnetic  Capacity  

Annealed.    Hardened  In  oil. 


450  to  400 
380  to  300 
300  to  270 
270  to  250 
2.^0  to  230 
230  to  200 
200  to  170 


420  to  380 
250  to  200 
200  to  180 
ISO  to  160 
160  to  130 
130  to  120 
note  80 


51.500  to  67.000 
67.000  to  83,000 
83,000  to  98.500 
98,500  to  1 1  4.000 
106,500  to  114.500 
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•ndb  M  CMtlDgs,  M  well  m  on  flntelMd  work; 

that  It  gives  positive  Tradings  or  fiRrurps  by 
Which  the  hardest  steels  can  be  compared  with 
othm,  M  woll  am  the  lofter  ateela,  and  that  It 

can  be  operated  without  any  «;i  r  rini  knowledge 
or  sldll.    It  will  not.  however,  test  non-fer- 


roui  metalfl.  and  Is  therefore  limited  to  Iran 
ud  eteel. 

The  inatramamt  la  the  invention  of  Prof,  D.  B. 
Hnffhea,  and  la  aold  In  thia  covntry  Iqr  86ha- 
chardt  ft  8ditttte»  136  Liberty  Street,  New 

York. 


DISPOSAL  OF  COAL  TAR* 

By  CARROLL  MILLER 

C0NDBN8B0  FROM  "TUB  PROQRBSSIVG  AGE" 


The  obiect  of  this  article  Is  to  illustrate,  in 
a  oondenaed  form,  the  value  of  tar  aa  a  by- 
prodvct  to  both  the  saa  and  coke  Induatrlea. 
Tlie  number  of  products  which  can  be  manu- 
factured from  coal  tar,  and  the  uses  that  may 
he  made  of  them,  being  so  numeroua.  the  men- 
tioning of  a  few  of  the  moat  common  will.  I 
think,  aerve  the  purpose. 

The  demand  for  pitch  and  creosote,  the 
larceat  products  of  distillation,  aeams  to  be  in- 
creasing considerably;  the  former  notably  for 
briquette  (patent  fuel)  making  and  the  latter 
for  preserving  timber. 

The  screwing  demand  for  rrpomff  mfiy  best 
be  illustrated  by  quotatious  liom  the  reports 
of  Hamiy  Orlnnell,  assistant  foreat  Inapector, 
who  says,  "The  oxtraordinary  infreH9f>  !n  the 
use  of  the  telephone  and  telegraph  during  the 
laat  few  Teara  (more  than  2.660,000  a  7oar), 
combined  with  the  fast  diminishing  suppir  of 
timber  used  In  pole-line  construction,  has  led 
tbe  tttlepbone  and  telegrapk  eoiBiHUilaa  to  take 
l?reat  interest  In  experiments  to  find  the  best 
and  most  practical  method  for  increasing  the 
leoKth  oC  aerrlee  of  polaa  and  ereasarma.*' 

According  to  "Engineering  Vows"'  (January 
23,  1908)  102,834,040  ties  were  purchased  In 
1906  by  eleetrie  and  ateam  rallwaya.  Of  tbia 
number  only  about  12%  were  treated. 

Trautwlne  ("Engineer's  Pocket  Doolc") 
flvea  tbe  life  of  untreated  tlea  at  from  live  to 
nine  years.  He  sayg  that  creosoted  ties  have 
remained  sound  after  22  years.  Lunge  ("C!oal 
Tar  and  Ammonia")  wrttea.  "Numerous  8peel« 
mens  of  creosoted  timber  which  have  been 
found  to  he  perfectly  sound  after  being  used 
aa  rallwajr  ale^iera.  fmcaa,  ete:,  for  periods 
varying  from  1<  to  32  reara.** 

•mm  •  papir  read  bttora  th*  K*w  KagiaiiA 
ttoo  St  Oss  Boclni 


The  Department  of  Commerce  and  Labor 
atatea  that  37,490,067,000  ft.  (board  measure) 
of  lumber  were  bandied  by  sawmllla  during 
1906. 

By  glancing  at  the  above  figures  a  fair  idea 
may  be  had  of  the  prospective  demand  for 
creosote,  as  this  aubatance  baa  proved  to  be 
the  best  for  timber  preserving,  although  crude 
tar  Is  also  successfully  used.  I  have  dwelt 
on  this  subject  at  some  length  for,  aside  from 
Its  Interest  to  coal-tar  producers,  It  Is  of  ex- 
treme importance  to  many  other  industries. 

USES  OF  CRUDE  TAR. 

1.  Paint 

2.  Fuel. 

3.  Making  and  repairing  roada. 

4.  Praaerrlns  timber. 

5.  Manufacture  of  roofing  felt. 

6.  Manufacture  of  lamp  black. 

7.  Oaa  maUng. 

IMatiUlng.— Aa  tbe  subject  of  dtoUIUng  and 

refining  tar  is  an  extremely  broad  and  lengthy 
one,  I  can  here  only  touch  on  the  general  ties 
and  will  Include  but  one  pnrlfled  produe^— 
napbthalsiis. 

SIMPLE  FRACTIONS  OF  DISTILLATION. 

1.  Ammoulacal  liquor. 

2.  Light  oil,  including  first  runnings. 
:{.    Middle  oil. 

4.  Heavy  oil. 

5.  Anthracene. 

6.  Pitch. 

DISTILLATION  PRODUCTS  FOR  SALB. 

1.  Ainiiiiiiiiacal  IlQUOr. 

2.  Light  oil. 

8.  Creosote.  (From  8,  4  and  S  In  preced- 
ing llat.) 
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4.    Naphthalene.    (From  3  uid  4  In  pre- 
ceding list.) 
6.  Pitch. 

UnUZATION    OF    DISTILLATION  PROD- 
UCTS. 

1.  The  ammoniacal  liQUor  is  disposed  of 
la  Uie  usual  way.  It  mlglit  be  liere  noted  that 
sulphate  of  ammonia  is  manufactured  at  many 
gas  and  coke  oven  plants  in  Europe,  at  some 
of  which  the  sulphuric  acid  Is  made  from 
spent  oxide. 

2.  Light  oil. — Uses:  Illiimlnating,  enrich- 
ing gas,  mixing  with  pitch  lo  make  varnishes, 
mixing  with  anthraoene  oil  to  prevent  tlie  ab- 
sorption of  lllumlnants  when  washing  ?a>>  to 
remove  naphthalene:  usually,  however,  light 
oil  la  rectified  to  make  beniol  and  napbtba  and 
production  of  aniline. 

3.  Creosote. — Uses:  Gas  making,  varnish 
BMkklns,  to  Mften  hard  pltdi,  antiaeptio,  and 
preserving  timber.  When  carboHr  arid  is  ex- 
tracted from  middle  oil.  the  residue  is  added 
to  the  ereoaote.  Pyridine  baase.  whleh  are 
used  for  denaturing  alcohol,  may  be  obtained 
from  middle  oil.  Anthracene  oil  Is  used  for 
6Ktraetlng  bensol  from  gaa.  Pure  anthraeeno 
is  obtained  from  the  anthracene  fraction. 

4.  Naphthalene. — Uses:  Color  making, 
making  moth  ball*,  burning  for  fuel  and  light. 

6.  Pitch. — Uses:  Manufacture  of  bri- 
quettes (patent  fuel),  making  varnish,  roofing, 
roofing  felt,  making  asphalt,  road  making  and 
repairing,  maklns  lamp  black.  mAklns  oeke, 
gas,  etc. 

An  ordinary  retort-bouse  tar  will  yield  on 
dlatlilattoD  about  110  gmllona  per  2.240>lb.  ton. 


TIBLD  OF  TAR  BT  DISTILLATION. 


Ammoniacal  UquOT   5  gals. 

Light  oil   6  gals. 

Creoeote    81  gala. 

Pure  naphthalene   90  lbs. 

Pltrh   l.SoO  lbs. 


The  proportion  of  these  products  may  vary 
considerably,  depending  on  the  temperature  at 

which  the  coal  Is  carbonized  th.  character  of 
the  coal,  etc.  Coke-oven  tar  may  give  about 
the  same  amounts  of  products  as  the  above, 
but  usually  the  percentage  of  pitch  is  less. 
Coke-oven  tar  contains  but  a  small  amount  of 
carbolic  add.  In  appearance,  tar  from  verti- 
cal retorts  is  similar  to  that  from  col<e  ovens. 

During  1907,  nearly  20,000,000  tons  (2,000 
lbs.)  of  coke  were  produced  in  the  CoQaells- 
vllle  district,  which  would  be  equivalent  to 
more  than  25,000,000  tons  of  coal.  If  thla 
coal  were  coked  In  by-product  ovens,  in  addl« 
tlon  to  the  coke,  the  followiag  conld  be  ob- 


tained: 

Gas   75,000,000.000  cu.  ft. 

Tiar   170,000,000  gala. 

Ammonia   180,000.000  Uw. 


Assuming  IZ  cts.  per  1.000  cu.  ft.  for  the  gas, 
the  equivalent  in  heat  units  Of  natural  gas  at 
25  ets.,  2  ^  CIS.  per  gal.  for  tar  and  0  ete.  per 
lb.  tor  ammonia,  the  income  from  these  three 
items  would  amount  to  (23.300,000  or  nearly 
|i  per  ton  of  coal.  In  order  to  be  on  the  safe 
aide,  I  have  used  low  figures  for  both  the 
amounts  and  values  of  th<"  by  products  if  the 
tar  were  distillsd  and  sulphate  of  ammonia 
nannfaetured,  larger  profila  would  bo  reailaed. 


THE  INFLUENCE  OF  AIR  ON  VACUUM  IN 

SURFACE  CONDENSERS* 

By  D.  B.  MORISON 


If  a  condenser  contained  steam  only  and 
no  air  the  vacuum  would  be  governed  by  the 
mean  temperature  of  the  steam  throughout  the 
condenser,  and  an  air  i)iimp  would  not  be  re- 
quired. In  practice,  air  exists  in  all  steam 
oondenaera;  its  presence  haa  the  effeet  of  re- 
tarding the  condensation  of  the  steam  on  the 
tube  surface,  and  it  has  to  be  removed  in  a 

.  *Fnv  tmA  b«Cm  tlw  Untltstlsa  of  Nsvai  An^- 
tMl%  Aitll  0.  lOOft 


state  of  aataratlon  with  water  rapor  by  an  air 

pump. 

When  a  condenser  Is  at  work  and  a  ttabto 

condition  has  been  established,  the  'vclgiit  of 
air  entering  and  leaving  it  in  a  given  time  la 
the  same:  but  the  ratio  of  air  to  ateam  In  dif- 
ferent parts  is  very  variable.  At  the  steam  in- 
let the  proportion  of  air  to  steam  la,  in  a  rea- 
sonably air-tight  system,  ao  wmM.  that  Its 
feet  ia  negllgf ble.  Aa  th«  fluid  paam  thxiMigk 
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tke  cond«ii»«r  and  th«  stmm  eond«na«B,  ttie 

ratio  of  air  to  steam  increases  rapidly  until 
At  the  air  pump  sucUoa  the  air  lorma  a  very 
conafdwable  proportion  of  the  mtztnre.  It  !■ 
cutomary  to  refer  to  the  fluid  eatering  the  con- 
denser as  "steam."  and  to  the  fluid  leaving  it  a* 
"air,"  but  the  two  are  of  precisely  the  aame 
nattlM,  and  differ  only  in  the  proportion  of 
the  consti* Mpnrs  It  !«  true  that  what  Is 
termed  air  may  uol  have  exactly  the  composi- 
tion of  atmospheric  air,  but  this  It  a  point  of 
little  consequence  in  the  present  investigation. 
There  is,  aa  is  well  linown,  a  definite  tempera- 
tiuro  oorreapondlng  to  any  praasnre  of  aatii- 
rated  steam.  But  there  la  also  a  definite — 
and  lower — temperature  corresponding  to 
overy  proportion  of  air  to  ateam  In  aatamtod 
air  at  every  pressure. 

It  ia  important  to  note  that,  it  water  vapor 
la  mixed  with  another  gaa  or  gaaea.  the  total 
pressure  Is  the  sum  of  the  pressurea  of  the 
aeverai  const  Ituenta.  the  preasure  of  each  of 
which  may  be  termed  the  partial  premre.  The 
partial  pressure  of  the  water  vapor  ia  depend- 
ent only  on  the  temperature;  it  is  unaffected 
by  the  presence  of  the  other  gas  or  gaaea.  If 
air  saturated  with  water  vapor  is  at  a  tempera- 
ture of.  say,  I'O"  F.,  and  if  its  total  preaaure  Is 
2.95  lbs.,  then,  as  the  partial  pressure  of  water 
Tapi»  at  this  temperature  la  O.iT  lb.,  the  par- 
tial pressure  of  the  air  muet  be  the  difference 
between  these  figures,  i.e.,  2.99  —  0.17  »  2.78 
Iha.  per  aq.  In.  The  volttmo  of  alrlB»  sa  is  well 
knc'.vn,  dependent  on  Its  temperature  and 
pressure,  and  can  be  readily  calculated  If  these 
data  are  given. 

The  iiecesBary  capacity  of  the  air  pump  de- 
pends on  the  point  at  which  the  air  and  steam 
are  withdrawn,  and  a  withdrawal  far  down  on 
the  vacuum  curve  would  Involve  a  relatively 
amall  air  pump.  But.  as  the  tranamiaalon  of 
heat  through  the  metal  of  the  condenser  tubes 
from  the  steam  to  the  water  depends  on  the 
difference  of  temperature  between  these  fluids, 
it  ia  necessary,  in  order  to  obviate  the  necos 
sity  of  unreasonably  large  condensers,  to  with- 
draw the  air  and  vapor  before  the  temperature 
of  the  mixture  falls  unduly.  Hence  it  can  be 
Mid  that,  for  a  given  condenaing  surface  and 
given  steam  and  circulating  watpr  conditions, 
there  is  a  limit  in  air  ratio  below  which  the 
mixture  should  not  be  carried;  and  this  limit 
determines  the  minimum  capacity  of  air  pump 
necessary  per  lb.  of  steam  in  order  to 
condense  the  requlrsd  amount  of  steam  per 
square  foot  of  ooollng  aurface  at  the  required 
vacuum. 


Even  with  an  air  pump  capacity  In  propor- 
tion to  the  amount  of  air  gaining  access  to  a 
condenser,  the  elllclency  of  the  condensing  sur- 
face must  be  advenely  affected  by  increased 
quantities  of  air  passing  through,  because  the 
opportunities  for  contact  of  the  steam  with  the 
tube  surface  are  thereby  reduced.  If  the  air 
pump  capacity  is  not  increased  in  proportion 
to  an  increase  in  air  leakage,  the  lower  rows 
of  tubes  automatically  become  lueflective  for 
condensing  purposes,  and  this  so  redttces  the 
efToctivc  BurfHce  that  a  decrease  In  vacuum  Is 
required,  and  ensues,  in  order  to  re-establish 
the  necessary  equilibrium. 

Consider,  for  eaample,  n.  mfTturc  of  atfam 
and  air  at  a  vacuum  of  28.5  ins.  at  the  bottom 
or  eslt  end  of  a  condenser  thfengh  whleh  the 
elrculntinp-  water  makes  Us  first  paaa.  If  the 
relative  proportion  of  air  and  vapor  by  weight 
are  as  0.3  to  1.  the  temperature  of  the  mixture 
is  about  87';  but.  if  the  air  gafning  accoss  to 
the  condenser  Is  Increased  without  a  corre- 
sponding increase  in  the  pnmp  capacity,  so 
that  at  the  bottom  of  the  condenser  there  are 
equal  weights  of  air  and  vapor,  the  temperature 
la  only  78",  and.  It  the  weight  of  air  Is  twice 
that  of  the  vapor,  the  temperature  is  only  68*. 
With  circulating  water  entering  the  condenser 
at,  say,  60°,  and  having  a  mean  temperature 
in  the  first  pass  through  the  lower  rows  of  tubes 
of.  say,  63",  62'  and  61°,  respectively.  In  the 
three  cases,  the  difference  in  temperature  be- 
tween the  condensing  water  on  the  Inside  and 
the  air  and  steam  on  the  outside  of  these  con- 
denser tubes  is  24%  16'  and  7°,  respectively, 
and,  as  with  unflooded  tubes  the  transmission 
of  heat  is  very  nearly  proportional  to  this  dif- 
ference of  temperature,  the  great  effect  of  the 
quantity  of  air  on  the  eapadty  of  the  condenser 
will  bo  apparent. 

The  above  statement  waa.  it  will  be  noted, 
qualified  by  the  expression  "with  unflooded 
lubes,"  because,  with  tubes  heavily  flooded  by 
Steam-water  showering  from  the  top.  as  la  the 
ease  In  a  condenser  of  ordinary  design,  the  air 

and  steam  cannot  get  iicceaa  ro  the  tubes,  but 

make  contact  with  this  steam-water,  which  cau" 
not  be  at  a  lesa  temperature  than  the  water 
within  the  lower  tabes  and  will,  in  ordinary 
cases,  as  it  cornea  from  the  upper  and  hotter 
portion  of  the  condenser,  be  at  a  considerably 
higher  temperature.  If  the  steam-water  flood- 
ing the  lower  tubes  were  at  a  temperatnr"  of 
77°.  then  the  difference  between  this  and  the 
saturated  air  would  be  10°  in  the  firat  case  con- 
sidered, and  only  1*  in  th^  eeconrl,  which  is, 
therefore,  barely  practicable,  the  third  case  be- 
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tag,  of  course.  impoHlbl*;  wo  that  In  a  eon* 

denser  of  ordinary  proportions  and  design  fn 
which  the  condensed  steam-water  showers  on 
to  tlio  loworaoat  tubes,  the  ratio  of  air  to 
steam  by  weight  at  the  air  pump  suction  must 
be  less  than  unity  in  order  that  a  28Vi-in. 
vaevun  may  be  obtained  with  cireulatlnf  wap 
ter  at  60". 

The  weight  ot  air  entering  the  condenser 
with  the  ateam  depends  on  <a>  the  aggregate 

air  leftkage  into  the  system  at  all  parts  sub- 
jected to  pressure  before  atmospheric,  and  (b) 
the  proportion  of  air  eontalned  by  the  feed* 
water  when  entering  tho  bojler.  Tho  weight 
Of  air  which  can  enter  a  boiler  with  the  feed- 
water  depends  upon  the  amount  of  air  In  soln* 
tlon  In  tho  feed-water,  together  with  the 
amount  of  air  added  by  the  feed  pump.  In 
marine  practice  the  greatest  amount  of  air 
resnlta  from  the  use  of  ordinarj  marine  ram 
immps,  driven  from  the  air  pump  croashead  ^yy 
the  main  engines,  and  air  is  present  in  mini- 
mum amount  when  the  feed  pump  Is  inde- 
pendently driven  and  float-controlled.  The 
weight  of  air  and  other  non-condensable  gas  in 
real  or  apparent  solution  in  feed-water  has 
been  the  subject  of  rxhrriBthe  Investtgatlon  by 
the  writer,  and  the  results  as  affecting  marine 
practice  are,  broadly,  as  follows: 

Fresh  water  carried  in  iankB  for  use  as  aux- 
iliary feed  contains  at  atmospheric  pressure 
from  fully  S  to  S%  volumes  of  air  per  100 
volumes  of  water.  If  this  water  is  introduced 
into  the  condenser,  about.  70%  to  90%  of  Its  air 
is  immediately  given  offl.    When  the  entire 
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feed- water  itassos  through  an  air  pump,  th« 

air  lu  the  pump  discharge  amounts  to  from 
1^  to  2%,  depending  on  the  conditions:  but 
If  this  water  Is  passed  without  dtoturbaaes 

Into  a  feed  tank  and  pumped  thrrrfrom  by  a 
tloat-coatrol  feed  pump,  it  does  not  talie  up 
further  air  to  any  appreciable  extent.  Coa- 
rinnsnd  Water  discharged  by  an  air  pump  and 
repassed  into  the  vacuum  does  not  become 
supercharged  by  repeated  elroulatlon  through 
the  system,  but  settles  down  to  a  permanent 
Charge  of  about  2%,  which  is  slightly  less  than 
the  average  quantity  contained  In  ordinary 
fresh  water. 

Broadly,  it  may  be  said  that  in  no  type  of 
condenser  can  the  condensing  capacity  due  to 
its  dlniensions  be  maintained,  unless  the  air 
pump  is  sufficient  to  render  all  the  tube  sur- 
face available  for  condensing  steam;  the  air 
pump  must.  In  fact,  dominate  the  condSfUSr 
>inder  all  rnndiMons  of  normal  air  leakage,  as 
the  least  insufficiency  so  reacts  on  the  con- 
denser ss  to  ultimately  put  out  of  action  a 
proportion  of  the  entire  condensing  SUrfass* 
with  the  result  of  a  fail  in  vacuum. 

A  condensing  plant  may  be  said  to  he  In  an 
Ideal  cnnrlf'on  when  the  only  afr  In  the  syEf»^m 
is  that  discbarged  into  the  boiler  in  solution 
with  the  feed-wat«r,  but  In  general  practice 
there  must  of  necessity  be  considerable  air 
leakage  associated  with  every  plant,  th* 
amount  being  largely  determined  In  any  given 
case  by  the  condition  In  which  the  plant  caa 
be  maintained  with  average  attention  by  those 
In  charge. 


THE  AMERICAN 

Id  these  days,  when  combiuatiuus  iu  re- 
atralnt  of  trade  and  most  forms  of  monopoly 

are  h.  lng  dissolved  and  regulated,  it  is  Inter- 
esting to  note  there  is  one  form  of  absolute 
monopoly  that  is  not  only  tolerated  but  highly 
favor.  .1  and  protetted  by  law  A  United  States 
Court  iu,a  recent  decision  said: 

"Within  bis  domain,  the  patentee  Is  csar. 
The  people  nuist  take  the  invention  on  the 
terms  he  dictates  or  let  it  alone  for  seventeen 
years," 

•A  rpvlvw  of  an  addreag  <Jol,v  r.t)  bfforr  the  N-  w  Kiifi- 
laad  Socltty  of  Orange.  N.  J..  April  4.  1008.  by  Edwio 
J.  Trlndlr,  of  the  Ntw  York  Bar.  The  object  of  th« 
sddraca  Wiw  to  give  tbe  weli-tolormed  niAn  »  d«fl&lt« 
UB««ffstaBdiBK  Ot  tb*  iBporUora,  ertfln  mad  wwktas  «f 
tin  AnMrtesa  Pstwit  Srrtcm. 


PATENT  SYSTEM" 

Because  tbe  operation  of  tbe  patent  lawSt 
like  that  of  the  laws  of  nature,  is  unobtrusive, 
comparatively  few  realize  their  importance, 
but  they  have  beeu  one  of  the  most  important 
factors  In  the  development  of  our  country 
from  a  few  non-manufacturing  colonies  to  the 
greatest  of  manufacturing  countries.  All  of 
our  great  manufaetnrlng  companies  own  pat- 
ents, and  many  of  them  built  themselves  on 
patents.  The  Bell  Telephone  Company,  under 
the  protection  of  Its  patents,  had  an  absolute 
monopoly  for  seventeen  years,  and  during  that 
time  so  securely  intrenched  Itself  that  it  la 
now  almost  Impossible  for  a  cempetttor  te  dl^ 
place  It,  Host  of  tbe  larfs  eogv«nlss  emploir 

1.  1WM. 


Digitized  by  Google 


AMERICAN  PATENT  SYSTEM 


639 


corps  of  inventors  to  keep  their  prodaetA 
ahead  of  the  market. 
One-tenth  of  the  time  of  the  Onlted  Btatetf 

Courts  Is  devoted  to  patents.  The  patent  law 
was  expreisly  provided  for  in  the  Conatitu- 
tlott,  and  patents  are  the  eabjeet  of  important 
treaties  between  the  principal  conntrlee. 

Before  patents  were  granted,  IttTentors 
conld  only  endeaTor  to  keep  their  InventlonB 
secret.  Many  a  family  and  many  an  ancient 
guild  counted  a  secret  invention  as  its  most 
preclona  poeeewlon.  Bnt  In  proportion  to 
their  value  they  tempted  the  cupidity  of  their 
competitors,  and  many  a  tragedy  resulted  from 
attempts  to  steal  secret  inventions.  The  se- 
cret of  making  Venetian  glass  was  greatly 
prized  and  most  jealously  guarded.  A  Vene- 
tian named  Paoii,  who  possessed  the  secret, 
left  VMilee  nnd  wandered  northward  practia- 
ing  his  art.  He  was  stabbed  In  Normandy 
with  a  dagger  marked  "Traitor" — a  meaaure 
taken  to  protect  the  secret  and  a  warning  to 
others. 

The  inventor  could  only  keep  secret  such  lu- 
ventlona  as  could  he  practiced  In  aecret.  but  a 
new  article  or  machine,  as  soon  as  one  was 
sold,  could  be  copied  by  a  competitor,  who 
would  he  saved  the  often  great  expense  of  ex- 
periments  to  find  how  It  should  he  designed 
to  beat  serve  its  purpose.  So  there  was  no 
InoentlTO  to  make  Inventions  that  could  not 
be  kept  secret.  The  secret  practh  e  of  the  in- 
vention usually  restricted  its  use  to  a  single  fac- 
tory and  limited  the  outpnt  of  it.  Then  the 
invention  often  died  with  its  discoverer  and 
was  never  redlsoovered.  For  these  reasons 
both  the  public  and  the  Inventor  profited  by 
the  system  of  the  public  giving  the  inventor  an 
absolute  monopoly  of  the  Invention  for  a  lim- 
ited period  in  consideration  of  a  full  disclosure 
of  the  invention  and  the  right  of  the  public  to 
use  the  invention  thereafter. 

The  monopoly  granted  by  a  patent  is  a 
peenllar  one.  It  is  negative  In  character.  It 
grants  the  ripht  to  e.xoludo  all  others  from  any 
making,  using  or  selling  of  the  invention.  For 
this  reason,  the  wording  of  the  grant  has  a 
curious  effect.  The  measure  of  the  grant  is 
termed  the  "dalm,"  because  It  Is  a  statement 
of  what  the  inventor  claims  as  his  Invention 
of  all  the  machine  or  other  subject  matter 
which  it  is  necessary  to  illustrate  in  the  patent 
as  an  embodiment  of  his  Invention,  for  every 
Invention,  consciously  or  unconsciously,  is  an 


evolution  of  some  earlier  form.  The  lavr  re- 
quires the  claim  to  be  drawn  on  behalf  ot  the 
Inventor,  and  the  Patent  Office  sees  that  it  Is 
not  more  coraprehonslvo  than  t?ir:  reri]  inven- 
tion. The  strange  thing  about  a  claim  Is  that 
the  more  a  claim  says  the  leas  it  means. 

This  was  shown  by  examples  of  actual  claims 
on  Inventions  of  bicycles,  but  the  point  was 
Illustrated  by  likening  a  claim  to  a  bill  of  sale 
for  cattle  on  a  Texas  ranch.  If  it  purported 
to  give  title  to  "aU  the  short-horn  Durham 
steers  with  one  white  foot  and  three  black 
ones,"  it  would  convey  perhaps  only  two  or 
three  steers,  while  If  it  said  simply  "all*  the 
livestock,"  it  would  con%cy  all  the  steers  of 
every  kind,  all  cows,  bulls,  horses,  pigs  and 
sheep.  So  the  less  it  saySr  the  mors  a  claim 
means. 

The  proteetfott  which  a  patent  aflonls  was 

illustrated  by  supposing  a  patent  to  have  been 
granted  for  an  invention,  in  bicycles,  and  a 
competitor  to  have  tried  appropriating  the  in> 
vention  under  a  disguise  in  form.  It  was 
abown  how  a  court  would  have  applied  the 
equitable  "doctrine  of  eanlvalents"  to  enjoin 
the  competitor  and  make  him  pay  damages 
and  profits  if  the  patentee  had  not  put  it  out 
of  the  court's  power  by  too  great  limitations 
in  his  claim.  Under  the  monopoly  granted  by 
a  patent,  an  inventor  may  grant  to  a  manufac- 
turer the  right  to  make  the  machines  for  him, 
but  may  reserve  to  himself  the  exclusive  right 
to  sell  them.  He  may  restrict  the  territory  in 
which  any  one  of  his  licensees  can  make,  use 
or  sell  the  patented  invention,  and  he  may  re- 
strict the  number  and  price  of  the  articles  to 
be  sold.  The  court,  for  instance,  decided  that 
It  was  lawful  for  the  Bdlson  Phonograph  Com* 
pany  to  require  its  licensee  in  New  York  not 
to  sell  phonographs  below  a  certain  price.  It 
was  recently  held  lawful  for  a  patentee  In  rub- 
ber tires  to  license  most  of  the  rubber  tire 
manufacturers  in  the  United  States  under  his 
patent,  to  require  them  not  to  sell  helow  a  cer- 
tain  price,  and  to  require  them  to  form  an  asso- 
ciation to  protect  the  interests  of  the  patent — 
a  combination  which,  but  for  the  fact  that  It 
was  under  a  i^atcnt.  would  ha\e  been  a  com- 
bination in  restraint  of  trade  under  the  famous 
"Sherman  Act."  The  court,  however,  could 
not  do  less  than  sustain  the  validity  of  the  nr- 
rangrement  under  the  liberal  clause  of 
the  Cunstitution  providing  for  the  grant  of 
patents. 
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THE  USE  OF  UME  IN  BOILERS 


CONDSNSBD  FROM  "THE  MASINB  SNOINBBR  AND  NAVAL  AKCUITJSCT" 


Lime  (CaO)  Is  now  recognized  as  the  most 
effideut  and  trustworthy  agent  In  preventing 
flw  Inroftda  of  the  hftrmful  Ilai*  talta  found  la 
Bea  water  and  some  fresh  shore  waters  the 
acids  liberated  from  the  varkma  oils  that  find 
their  way  Into  th«  boiler,  and  tbe  free  gnsee 
carrleil  In  tf  the  feed  water  or  eyolved  in  tbe 
boiler. 

Soda  (Na^CO,)  fe  now  eeldom  need  for  boiler  ■ 

Wfirk,  except  In  wry  minute  quartt'Ics,  aa  It 
causes  priming  and  injury  to  all  joints  not 
made  of  red  lead  ■  ■  and  even  tbeee  are  not  In^ 
mune  If  a  aoda  lotttttm  is  long  In  eoaCaet 
with  them. 

Tlie  nee  of  lime  In  marine  bollera  mnet  be 

considered  under  two  heads: 

Firat,  as  a  preservative  of  the  surfaoee  of 
a  bolter  with  which  in  a  solution  It  is  la  eon^ 
tact  when  atandins  full,  parttallj  fnll  or 

working. 

Secondly,  as  the  neutrallzer  of  the  Injurl* 
one  acids  and  gases  which  may  find  their  war 
into  the  boiler  throTigh  the  feed  or  may  IM 
generated  in  the  boiler  where  workiug. 

Lime  as  a  Preaerratlve. — When  a  boiler  la 
pumped  tip  from  empty  to  full,  lime  Is  upuftlly 
put  iu,  in  sufficient  quaotities  to,  at  least,  satu- 
rate the  fllllnf  water.  This  la  usually  done  by 
placing  a  quantity  of  milk  of  ilme  In  tbe  boiler 
and  then  pumping  up  to  about  20  to  50  lbs. 
pressure  to  espel  all  air.  This  method  ie  not 
to  be  recommended,  as  the  clrculatfon  a  cold 
boiler  la  practically  nil,  and  consequently  when 
the  iMller  ie  partially  full  the  mlslng  of  the 
water  nrnl  lime  decrpagcs,  the  InrushinK  water 
being  tbe  only  stirring  agent;  thus  intimate 
mbdng  of  the  water  and  the  lime  can  hardly 
take  place,  and  complete  saturation  of  the 
water  cannot  be  relied  on  as  a  certainty.  Thia 
more  eepedally  applies  to  the  top  of  the  boiler, 
or  vippfT  drum,  where  saturation  Is  most  nec- 
essary, as  all  air  and  gasea  accumulate  there. 
The  better  method  Is  to  have  the  lime  regularly 
fed  into  the  pumpln^;-up  water,  as  a  inucu 
more  Intimate  mixture  of  the  lime  and  water 
takee  place  In  the  feed  pipe  and  pump,  and  tbe 
whole  mass  of  th«  water  contained  in  the 
boiler  is  properly  saturated. 

Tbe  quantity  of  lime  required  to  saturate 
wator  Tnrles  with  the  tomperature  of  the  water 

e«o 


-^the  quantity  deereastns  as  the  temperature 

Increaaea. 

niree  pounds  of  lime  Is  required  per  ton  of 

distilled  water,  when  tho  temperature  Is  60* 
to  70"  F.,  and  1^  lbs.  when  the  temperature 
haa  risen  to  212*  F. 

A  holler  which  Is  to  stand  for  nny  length  of 
time  requires  at  least  3  lbs.  of  lime  per  ton  of 
oontalned  water — ^If  distilled;  more  than  this 
i  not  required,  as  the  surplus  settles  to  th« 
bottom  and  may  choke  or  injure  the  facea  of 
the  runnlng^own  valTes. 

Half  an  ounrf^  of  caustic  sorla  I'XallO)  per 
ton  of  water  is  used  by  some  marine  engineers, 
as  it  is  belleTod  to  assist  the  water  to  abonb 
the  lime  and  prevent  any  salts  of  lime  forming 
a  hard  deposit  on  the  shell  or  tubea.  It  «er- 
talnly  assists  in  rendering  the  wntor  nlkallne 
and  can  do  no  harm. 

Boilers  that  are  pumped  up  to  workint 
height  and  which  will  shortly  be  In  action,  do 
not  require  more  than  1%  lbs.  of  lime  per  ton 
of  water,  and  about  a  quarter  of  an  ounce  Ot 
caustic  soda  per  ton  of  water  if  fancied. 

These  quantities  of  lime  are  simply  preser- 
vative rinii  nrp  not  intended  to  IcH!  the  acldt 
and  gases  introduced  by  the  feed-water.  These 
muat  IM  dealt  with  separataly  and  in  anothsr 
manner. 

Lime  as  a  Preventive. — Lime  as  a  preventive 
nentrallses  the  oil  and  tatty  matter  In  the  feed 

water  and  assists  to  render  Innoxious  the  oxy- 
gen and  00^  held  in  suspension  in  tbe  feed  and 
make>up  feed-water. 

The  dauRerous  oils  and  gases,  wMrh,  when 
introduced  Into  the  boiler,  do  so  much  damage, 
are  alwaye  found  In  the  feed  water  in  TOiy 
minute  particles:  the  oil,  as  a  rnlc.  In  the  or- 
dinary feed  water,  coming  from  the  condenser, 
the  air  and  gases  In  the  make>up  feed.  Air  Is 
very  nftrn  introduced  by  the  ordinary  feed 
having  a  fall  from  the  air  pump  discharge  be- 
fore It  readies  the  feed  tank  levtf . 

The  followInK  rules  are  based  on  the  as- 
sumption that  one  ton  of  coal  evaporates  10 
tons  of  water. 

Boilers  on  auxiliary  work  only  r^  lulro  about 
3  ounces  ot  lime  per  ton  of  coal  burnt,  to  kill 
the  oil  in  emulsion  and  neutraUse  as  far  aa 
possible  all  free  gases. 
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Boilers  workins  on  main  and  auxiliary  ma- 
chinery eomMned  require  IH  to  2  ovaeee  of 
lime  per  ton  of  coa!  burnt 

*'  ne<c  qaantiUes  afsame  that  the  boilers  are 
•tree  ly  charged  to  at  t«Mat  1  %  the.  of  lime  per 
Ion  of  contained  water 

lo  either  case  reduce  i  ■  lime  to  1  ounce  per 
ton  of  coal  when  tho  bollor  gtvee  «  veny  abarp 
reaction  to  tho  lltmna  teat 


Scum  about  one  to  two  inches  in  the  gage 
glaai  and  blow  out  another  one  Ineli  when  tho 

boHerB  liave  received  1  to  2  lbs.  of  lime  per 
ton  of  contained  water  through  the  feed.  The 
seummf  Dg  and  blowing  ont  diovld  only  ho  doao 
v.ben  till  1  nnrrs  are  working  easily. 

If  carefully  applied  theae  mlea  ahonld  keoji 
tho  holleni  In  good  eondltlon  and  oltect  oonald- 
erablo  taying  la  fool. 


COMBINATION  SYSTEM  OF  RECIPROCATING 
ENQNES  AND  STEAM  TURBINES* 

By  C.  A.  PARSONS,  D.Sc.,  M.  A.,  «m1  R.  J.  WALKER 


It  may  be  said  that  perhaps  the  most  im- 
portant field  for  the  combined  system  of  ma- 
^Inery,  as  applied  to  marine  propulalon.  It 

for  those  installations  whore  the  rtesl^ned  full 
speed  of  the  veesel  falls  below  the  range  suit- 
able for  an  all-tnrblne  arrangement,  the  re> 
clprocatlng  engine  working  in  the  region  of 
pressure  drop  where  the  conditions  are  best 
suited  for  It,  and  the  tarblne  ntlilzing  that 
portion  of  the  expansion  diaRram  which  the 
reciprocating  engine  la  not  able  to  utilize  effi- 
ciently. It  te  generally  well  known  that  an 
all-turblne  arrangement  has  not  been  advo- 
cated by  us  for  ships  where  the  designed  speed 
falla  below  15  or  16  knots,  excepting  in  some 
special  cases,  such  as  yachts;  and  for  vessels 
Of  moderate  or  slow  speed  the  combination  sys- 
tem of  machinery  appears  to  be  eminently  suitp 
able. 

In  a  good  quadruple  reciprocating  engine, 
the  steam  Is  expanded  down  to  the  pressure  of 
release,  about  10  lbs.  absolute,  and  gains  in 
economy  as  the  vscuum  is  increased  up  to 
•bout  25  ins.  or  26  Ins.,  whereas  in  a  turbine 
It  Is  pOBsible  to  deal  economically  with  very 
low-pressure  steam,  and  to  pxpand  this  low- 
pressure  steam  to  a  low  absolute  pressure  cor- 
responding to  the  highest  yacnum  ohtalnnblo 
in  turbine  prnrtlce. 

Id  a  combiQation  system,  the  most  suitable 
initial  pressure  for  the  turbine,  or  the  dividing 
line  between  the  reciprocating  engine  and  the 
turbine,  will  greatly  depend  upon  the  condi- 
tions of  service  of  the  particular  veosel  taken. 

*rotjdi'nBt'd  from  a  paper  read  befort  (hs  laiUttttlm  «t 
Kaval  Arcbltecta,  April  1006. 


The  reciprocating  engine,  or  engines  cnn  be 
designed  to  exhaust  at  a  pressure  of  between 
ft  lbs.  and  1<  lbs.  nhsolnte,  or  even  at  n  slightly 

higher  pressure,  If  necessary,  to  meet  the  con- 
ditions required.  From  an  estimate  of  the 
theoretical  effldency  under  the  various  condl- 

tlons  of  pressure,  U  wmild  appenr,  npnrt  from 
any  practical  considerations,  ttiat  there  is  noth- 
ing to  choose  between  an  Initial  pressure  at  tbo 
turbine  of  between  7  lbs.  and  16  lbs.  absolute, 
any  presaure  within  this  limit  appearing  to  give 
the  most  economical  result 

In  the  case  of  a  vessel  which  runs  on  service 

continually  at  or  about  her  deaigned  full  speed, 
an  Initial  pressure  of  about  7  lbs.  absolute  at 

the  turbine  appears  rnost  Fult^ilile.  In  a  ves- 
sel which  does  part  of  her  running  at  the  de- 
signed power,  and  part  at  a  considerably  ro* 
duced  power.  It  is  desirable  to  design  the  tur- 
bines so  that  the  initial  pressure  would  not  fall 
below  7  lbs.  absolute  when  running  under  tho 
lower  conditions  of  power. 

With  a  quadruple-expansion  reciprocating 
engine  exhausting  to  the  condenser  direct,  the 
maximum  energy  reallsablo  trvm  200  lbs.  pres- 
sure to  26  Ins.  vacuum,  with  point  of  release 
at  10  lbs.  —■  2.'>6  B.  T.  U.  The  energy  which 
the  reciprocating  engine  cannot  efficiently 
utilize,  but  which  can  he  used  In  a  turbine  =  73 
B.  T.  V. 

In  a  combination  of  a  triple  expansion  en- 
gine exhausting  to  a  turbine  and  fhenre  to  the 
condenser,  the  maximum  energy  realisable 
from  200  ibB.  to  8  lbs.,  with  point  of  release 

at  13  Ihs.  21  ft  D,  T.  V.  The  energy  avail- 
able for  the  turbine  from  7  Ibg.  to  28  ins. 
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▼acattm,  rAoelvlng  wet  BtMtm-from  th«  redpro- 

catlDg  engine  =  100  B.  T.  U.  Total  energy  of 
comblnaUon  =  319  B.  T.  U.,  wblcb  Is  24^% 
WntLtw  tbftn  tliat  of  tlie  redproeatlng  engine. 
<All  jjrf'Bsures  are  absolute.) 

It  iB  esUmaUd  tliat  a  large  portion  of  this 
addlttonsl  mmgy  can  Iw  expected  to  be  Teal- 
Izert  by  the  combined  syBtem  in  the  shape  of 
Increased  power  to  drive  the  vesMl,  or,  on  the 
<itlier  hand,  Increaaed  eoonomy.  ^ese 
■figures  ;  oretlcal)  are  computed  on 
the  basis  of  adlabatlc  expansion  through- 
out. 


Tbue,,  It  te  estimated  that  a  quadruple  ex- 
pansion engine  using  9r>,0n0  Iba.  of  steam  per 
hour  at  200  lbs.  pressure  will  develop  7,300 
I.HP..  working  on  a  29An.  Taeanm.  The  same 
(luantity  of  steam  fusing  a  28-ln.  vacuum  i  will 
operate  a  6,300-HP.  triple  expansion  engine 
and  a  2,000-HP.  low-pressure  turbine,  or  8,800 
I.HP.  in  all,  an  increase  of  li.l^t.  A  speed  of 
15.5  knota  would  be  obtained  with  the  former 
and  one  of  16.2  knots  with  the  combined  In* 
stallation.  The  total  steaming  weight  would 
be  about  i%  less  with  the  combined  Inatalla- 
tion. 


METAL-FILAMENT  AND  CARBON-FILAMENT  LAMPS 


From  the  standpoint  of  current,  candle- 
power,  total  waits  aud  wattB  per  candle,  tanta- 
lum and  tungsten  lamps  are  less  susceptible 
than  carbon-filament  lamps  to  changes  In  elec- 
trical pressures.  The  resistance  of  the  metal 
filament  Increaaea,  whereas  that  of  the  carbon 
usually  decreases  with  rise  in  voltage. 

At  85%  of  normal  voltage  a  carbon  lamp's 
TCsistanoe  Is  100.24%  of  that  secured  at  normal 
voltage,  that  of  the  tantalum  lamp  Is  9^.5%. 
and  of  the  tungsten  lamp  93.57%..  At  110%  of 
normal  voltage  the  per  cent,  of  resistance  to 
that  at  normal  is  99.81  with  a  carbon  lamp, 
102.5  with  a  tantalum  lamp,  and  104  with  a 
tungsten  lamp. 

On  account  of  the  differenl  rliaraclerlstlos 
of  the  resistance  of  the  carbon,  tantalum  and 
tungsten  lamps  the  current  Is  affected  In  such 
a  way  that  at  85%  of  normal  voltage  It  Is  re- 
duced 15%  with  carbon  lamps.  11%  with  tan- 
talum lamps,  and  9%  with  tungsten  lamps,  and 
at  110%  of  normal  voltage  tbe  (nirrent  of  the 
carbon  lamp  Is  increased  10v«.  of  the  tantalum 
lamp  2^.  and  of  the  tungsten  tamp  9%. 

Since  the  resistance  of  tungsten  and  tanta- 
lum lamps  operated  at  , a  voltage  lower  than 
sormal.  Is  less  than  that  of  carbon  lamps,  their 
current  is  higher  respectively,  and  therefore 
their  candle-power  must  be  greater.  The  car- 
bon lamp  gives  11%,  the  tantalum  50%.  and 
tbe  tungsten  .">r.%  of  Its  rated  candle-power 
when  operated  at  8.*>';  of  normal  voltage,  and 
168'/,  US*;,  and  14  1'r  candle-power,  respect- 
ively, when  run  at  1 1 0' ',  of  correct  voltage. 
Th!p  phriv.fi  that  the  light  delivered  by  metal- 
fkiament  lumps  Is  much  lena  affected  than  that 
from  cellolosc-fllameot  lamps  by  variation  of 
voltage.  It  i.s  a  matter,  however,  which  can- 
not be  brought  out  too  strongly.  It  can  be 
shown  that  a  drop  of  6%  from  normal  voltage 


causes  a  reduction  of  25%  in  the  Illumination 
received  from  the  carbon-filament  lamp.  19.5% 
In  that  received  from  the  tantalum  lamp,  and 
only  lS'"f  in  that  given  by  the  tungsten  lamp. 
A  rise  of  the  .same  percentage  above  normal 
causeg  an  addition  to  candle-power  of  31% 
with  carbon  lamps,  23*^  with  tantalum  lam|M. 
aud  Id  per  cent,  with  lungsteu  lamps. 

The  increase  in  total  watts  Is  less  with  metnl 
than  with  carbon-tilRT^^'^nt  lamps  opcratetl 
above  voltage.  Burning  at  an  electrical  pres- 
sure of  6%  higher  the  energy  consumed  Is  In- 
rreased  10'^  In  a  carbon  lamp,  9%  in  a  tanta< 
turn  lamp,  and  87c  in  a  tungsten  lamp. 

The  watts  per  candle  do  not  vary  as  mu«^ 
with  tantalum  and  tungeten  lamps  as  with  car- 
bon when  the  voltage  is  changeable.  Not  ouiy 
are  the  metal-lllament  lllnminanta  far  more  ef- 
ficient, but  their  percentage  of  change  in  watts 
per  caudle  is  much  less  when  compared  to  car- 
bon-filament tamps  when  run  at  a  fluctuating 

\-oUag<>.  TakiriR  the  speciflr  consumption  of 
the  cellulose  lamp  as  3.1  watts  per  candle,  the 
tantalum  as  2.1  watts  per  candle,  and  the 
tuuKsti'ii  as  1.2"  watts  jier  candle  at  10'*  volts, 
the  respective  specific  consumptions  would  be 
6.5  watts  per  candle.  3.8  watts  per  candle,  and 

l.Tr,   watts  |.er  candle  at   S'   volts,  and 
watts  per  candle.  1.C6  watts  per  candle,  aud 
1.02  watts  per  candle  at  110  volts. 

When  the  electrical  i)r<"s.«ure  Is  unsteady  the 
performance  of  both  tbe  metal-filament  lamps 
mentioned  Is  certainly  most  gratifying.  The 
nMUr«r  the  results  obtained  at  \arying  voltage 
come  to  that  secured  at  normal,  tbe  more  the 
troubles  will  be  diminished  of  the  generating 
stations  and  of  the  persons  using  electricity 
for  light 'ng  purposes.  With  every  recent  d*> 
velopment  of  a  new  lamp  a  marked  Impronro- 
ment  has  taken  place  In  this 
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PISTON  SPEED  AND  STEAM  ENGINE 

ECONOMY* 

By  PROF.  R.  L.  WEIGHTON.  M,  A. 


Som«  time  ago  a  series  of  reTolutfon  trials 

were  carried  out  on  ilif  fxijcrinicntal  engines 
iu  the  eaKine«ring  laboratory  at  Armstrons 
Col1«K«.  Neweaatle-oii'Tyne.  In  general  terms, 
tile  pritnary  object  was  to  ascertain  by  careful 
experiment  the  exact  effect  upon  the  steam 
consnmptton  per  brake  bonn-power  o(  run- 
ning engines  of  ordinary  design  and  prapoT» 
tions — such,  for  instance,  as  are  nsuAl  In 
marine  practice — at  varying  speeds  of  revo- 
lution, ranging  from  thf  lowest  up  to  the  high- 
est practicable,  nothing  being  altered  through- 
out the  series  except  the  resistance  against 
which  the  engines  were  working.  A  seeond 
obJf»ct  was  to  discover,  If  possible,  the  maxi- 
mum permissible  speeds  of  steam  and  exhaust 
In  swdi  engines,  with  dne  regard  to  economy. 
This  last  -n-lth  a  view  to  ih^'  letermlnatlon  of 
the  minimum  sectional  dlmensiuns  of  the  steam 
and  exhaust  ports,  openings  and  passages,  tor 
adoption  in  proposed  engines  of  this  type, 
without  entailing  sacrifice  of  economy  in  work- 
ing. 

Two  separate  sets  of  trials  were  carried  out, 
one  with  the  engines  arranged  as  quadruple, 
and  the  other  as  triple  expansion,  otherwtae 
the  conditions  were  as  nearly  as  practicable 
idrnticul  for  both  sets,  as  follows: 
Quadruples:    Cylinders  7.  10  V4,  15%  and  SS 

ins.  in  dlam.;  18-ln.  stroke. 
TrfpliR:   Cylinders,  10>^,  15)^  and  23  ins.  in 

dlam.;  18-ln,  stroke. 
Steam  pressure  in  high-pressure  chest.  138 
lbs  pfr  gq.  in.,  absolute;  \aouuiu  In  condenser 
(barometer  30  Ins.).  24Vi  ins.  of  mercury. 
Jacket  steam  shut  oiT  and  'acliet  drains  open. 
Rrrelvers  continuously  dralne;!  by  hanf!  into 
hot  well.  Amount  of  lubrication  of  steam  and 
of  bearings,  the  same  on  both  trials.  Steam 
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cut  oir  in  QUftdruplee  at  12%  Ins.,  10  H  Ins.^ 

10  ^^  ins.  and  10  Vs  Ins.,  respectively;  steam  cut 
of!  in  triples  at  6  Ins..  iOVi  ioa*  and  lQ\i  ius.^ 
respectlTely.  Bnglnes  In  hotb  cases  linked  up 
very  slightly,  uud  to  exactly  the  same  amonnt 
in  every  trial. 

Conclusions. — The  resnlts  of  the  trials  may 
be  summarized  as  foUowst 

( 1 )  For  every  reciprocating  steam  engine, 
when  cliaage  in  power  is  brought  about  by 
change  In  piston  speed,  there  is  a  certain  limit 
of  piston  spffd  at  which  maximum  power  Is 
attained,  uud  beyond  which  the  power  will  full 
as  the  speed  Is  inersssed.  There  Is  also  a  eer- 
tain  limit  of  piston  speed  with  which  is  asso- 
ciated maximum  economy  of  steam  used  per 
horse-power  developed. 

(2)  For  the  engines  and  conditions  of  the 
trials,  maximum  economy  in  steam  used  per 
brake  horse-power  occurred  for  quadruples 
at  a  piston  speed  of  44  1  ft.  per  min.,  and  for 
triples  at  a  piston  speed  of  414  ft.  per  min.* 
ttie  corresponding  mechanical  effldendes  be- 
ing for  quadruples  0.856  and  for  triples  O.ST. 

(3)  The  maximum-economy  piston  speed 
depends  on  wevvrtA  factors,  the  exact  influ- 
ence of  each  of  which  remains  to  he  ascer- 
tained, but  to  a  very  large  extent  it  is  deter- 
mined by  the  mechanical  eCQcioncy  of  the  en- 
gines. An  increase  in  the  value  of  mechanic 
cal  efficiency  will,  other  things  being  unaltered, 
not  only  raise  the  economy  absolutely,  but 
will  advance  the  maximum-economy  point  on 

the  seale  of  piston  speed 

(4)  Both  maximum-power  and  maximum- 
economy  piston  speeds  are  for  the  brake  power 
eonslderably  lower  ihan  for  the  Indlratei 
^ower,  and  therefore  if  the  indicated  horse- 
power were  alone  considered,  the  piston  speed 
of  maximum  economy  would  appear  tO  be  con- 
siderably higher  than  it  is  in  reality. 
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TECHNICAL  EDUCATION  IN  AMERICA^ 

By  SIR  WM  a  PREECE 


It  la  difficult,  If  not  Impossible,  to  make 
any  Juet  comparlsoa  between  the  methods  of 
todmleal  edaeatica  In  Amarloi  and  tboM  at 
bome.  The  conditlooB  are  totally  different. 
Climate,  race,  oommerce,  indostry.  fashion, 
wants  and  alma  ai^  dlffarant.  Wa  are  a  coih 
aarvative,  archaic  nation,  well  provided  with 
inartla,  not  wanting  in  wealth,  accustomed  to 
graadmotberlj  attentions,  avbjeet  to  the  tra- 
ditions of  the  past»  and  swayed  by  the  pre- 
cedents of  our  grandfathers.  America  Is  a 
oongeriea  of  numeroas  self^govemlnff  Statea, 
IntODsely  anibitiouB,  enjoying  a  champagne- 
like climate,  formed  of  a  mixture  ot  ail  the 
Celtic,  Teutonic  and  Latin  races  of  Bvrope, 
Inspired  by  a  rapid  and  excessive  flood  of  the 
wealth  of  the  soil  and  the  demands  of  a  phe- 
nomenal Inroad  of  aliens;  abonndtos  with  ad- 
vancing commerce  and  growing  industry,  and 
suffering  from  a  great  inroad  of  wealth  and 
an  Immature  sjntem  of  finance.  The  Amer^ 
lean  boy  possesses  the  energy  and  smartness 
of  a  new  race.  The  Buropean  bor  is  men- 
tally two  years  behind  him.  His  precocity 
is  assisted  by  bis  k^ennass  and  his  vivacity. 
He  works  with  an  object  and  a  determination 
to  succeed.  He  throws  the  same  determina- 
tion Into  his  studies  that  he  appUee  to  bis 
games.  He  is  irresponsible  and  sometimes  a 
terror.  The  absolute  unfitness  of  these  char- 
acteristics to  the  British  boy  must  be  self- 
evident,  but  they  will  account  for  the  differ- 
ences in  the  curricula,  and  the  paper  set  for 
examination  provided  for  these  boys  when 
they  become  students  in  colleges  and  uni- 
versities. Teachers,  like  poets,  are  born,  not 
made.  The  teachers  differ  but  little  from 
those  in  Eiiropo,  hut  they  are  excited  to 
great  energy  by  their  natural  enthusiasm,  by 
climatic  influences  and  by  the  reflected  eneonr* 
agemcnt  of  their  receptive  pupils.  Indeed, 


•rran  m  Ivoteie  rsemtly  S»llver«d 
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many  are  Imported  from  France,  Germany 
and  the  United  Kingdom,  and  I  should  like  to 
aee  the  reverse  operation,  for  there  la  nacb 
to  be  gained  by  a  process  of  blending  Itt  pn^ 
fessorial  ranks.  We  want  new  blood  at  homa. 
We  haTo  made  a  bold  atart  here  by  anoint- 
ing Dr.  Henry  Bovey,  of  the  McOUl  Univers- 
ity (Montreal),  the  Rector  of  our  now  Im- 
pertal  College  of  TMhnology  In  South  Ken- 
sington, and  there  la  every  reason  to  antici- 
pate complete  JnatUlcation  for  {tis  selection. 
It  Is  In  the  behavior  of  the  employers  snd 
captains  of  industry  that  even  a  greater  char- 
acteristic Is  evident.  They,  in  America,  not 
only  appreciate,  but  assist  In  noble  ways.  Oka 
acquisition  of  scientific  attainments  In  their 
employees.  The  premium  system,  such  a  se- 
rious check  at  home,  la  abollahed.  and  they 
select  only  those  who  can  submit  diplomas. 
They  fully  recognise  the  advantage  ot  tech- 
nical attainments,  they  encourage  resear^ 
They  equip  their  own  laboratories,  and  they 
support  college  and  university  by  financial 
help  and  by  the  gift  of  madilnery.  The  lav- 
ish supply  of  apparatus,  in  every  technical 
achool,  so  marked  a  feature  in  American  in- 
stitutions. Is  thus  accounted  for.  and  makes 
our  equipments  simply  insignificant.  The 
American  master  recognizes  the  fact  that  pu- 
pils are  best  trained  by  means  of  the  very 
apparatus  that  they  will  have  to  tend.  Evan 
the  works  In  many  cases  become  advanced 
classes  of  the  college.  The  marked  distinc- 
tion In  American  practice  la  the  adoption  of 
tho  four-years'  course — which  we  certatnlj* 
ought  to  adopt  at  home.  Though  not  speci- 
fied, or  even  regulated,  It  la  quite  evident  tftat 
In  America  all  are  working  on  fixed  methodi- 
cal lines,  and  that  gradually  a  national  co- 
ordinated system  will  be  evolved  whldi  will 
make  the  United  States  the  best  secularly 
educated  country  in  the  woild,  and  Its  ed- 
ucation policy  thoroughly  orgaalaad. 
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ThA  American  has  afways  been  Impressed 
ulth  the  idea  tliat  adacatlon  U  esaentlal  to 
the  development  of  a  nation.  lAnd  grant* 
were  Inatttuted  by  Congress  In  1786  for  the 
maintenance  of  schools  and  of  a  literarr  In- 
stitution established  by  the  State.  The  Qreat 
Land  Grant  Act  (Komll)  in  189S  Appropri- 
ated n  noo  oOO  acres  for  this  parpoee,  so 
that  each  Siate  shoald  found  "at  least  one  col- 
lege where  the  leading  object  shall  be,  without 
excluding  other  scientific  and  classical  atudleg 
and  Including  military  tactics,  to  teach  such 
bnuMihee  ci  laamlnc  eve  related  to  ■grl* 
culture  and  the  mechanic  arts  .  .  In  order 
to  promote  the  liberal  education  of  the  in- 
ddetrtal  deeiei.**  The  FMerel  govefmaeBt 
in  1890  allotted  $25,000  a  year  to  each  State 
for  this  purpose.  The  total  grants  of  land 
up  to  1100  b7  Om  FMentl  goTenuaottt  w«re 
for 

Schools   67,893.919  aereo» 

Colleges  and  universities.  .10.765.520 


T8,669,4S»  Mree, 

and.  In  addition,  $50,000,000  in  money.  For 
tunately  for  AmericaiiB  edutttlon  has  been 
kept  oQtelde  politici,  and  It  Ui  not  m  with  * 

us  the  shuttlecock  of  party.  It  Is  rernf^nlzed 
as  their  greatest  national  asset,  and  every 


citizen  regards  It  as  his  duty  to  contribute 
to  its  promotion.  Each  State  makes  large 
appropriation!  for  «(diools  and  universities, 
and  moot  of  tho  ttntversltles  oMala  about 
$600,000  per  annum  each.  There  are  17,000 
paid  professors,  lecturers  and  teachers  in  the 
United  States.  Canada  is  as  liberal,  and  fol- 
lows Its  neighbor  and  not  Its  mother  country 
In  this  policy  and  fashion.  The  munittceoce 
of  the  millionaire  has  not  been  confined  to 
the  United  States.  Canada  hfss  hor  Strath- 
coua.  Mount  Stephen,  Redpath.  Moison  and 
Hnodonald.  Sir  W.  C.  Ueodonnld  has  spont 
over  $10,000,000  upon  the  McOlU  Unlversltr 
alone  In  the  development  of  sdentiflc  and 
agrlottltnral  d^^nrtmonta.  ▲  oottrt  her  tm 
America  can  get  his  education  praetloallx 
given  free  up  to  22  years  of  age.  There  li 
OTorywhero  eo-odimtloB.  There  to  no  raol* 
dentlal  system  nt  the  universities.  Aprroc!- 
Ited  pupils  cea  pass  from  the  high  schools 
to  tho  nnlTovritr  without  an  entranoe  enntl- 
nation.  There  is  a  close  and  almost  organic 
connection  between  academic  and  industrial 
life.  Cnltore  to  not  neglected  aa  with  «a. 
Teachers  are  actively  engaged  in  the  1  ractloe 
of  their  profession.  We  do  this  in  our  medi- 
cal sehoote  only.  "Why  should  not  tho  same 
be  done  in  our  technical  schonls"  Wo  hOTO 
much  to  learn  from  American  practice. 


INDUSTRIAL  EDUCATION 

FROM  THE  VIEWPOINT  OF  A  MANUFACTURER* 

By  F.  A.  GEIER 


But*  while  this  course  [the  co-operatlTO 

course  in  engineering  of  the  TTnlverslty  r>f  C!n 
duati — Bd.]  produces  men  for  the  higher  posi- 
tions— enperintendenta,  engineera  and  deslgn- 
crs — I  would  like  to  talk  with  j'ou  a  little  more 
about  educating  the  great  army  of  workmen 
that  we  must  employ  In  our  ehope. 

I  claim  that  this  question  of  Industrial  edu- 
cation is  an  economic  proposition — as  much  a 
part  of  your  business  as  the  purchase  of  mate- 
rials, the  employment  of  your  salesmen,  your 
advertising  men,  or  your  managers.  Consider 
how  much  time  you  give  to  the  planning  of 
your  shop  buildings,  the  time  you  spend  In- 
vestigating equipment  tor  your  plant,  and  the 
careful  study  you  give  each  machine  to  deter* 
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mine  which  one  offered  will  produce  the  great- 
est output.  The  careful  attention  that  Ameri- 
can manufacturers  have  given  these  matters 
haa  been  a  large  factor  in  putting  them  into 
the  strong  position  thoy  occupy  to-day.  But  I 
ask  you  in  all  fairness,  bow  much  time,  how 
mudi  careful  thought,  how  much  eonsldera- 
rioii,  have  you  given  tho  sui)ject  of  labor  in 
your  shops?  Is  it  not  a  tact  that  you  have 
diamlased  that  subject  largely  from  your  mlnda 
and  placed  it  in  the  hands  of  superintendents 
and  foremen  7  What  do  you  know  of  the  feel- 
ing toward  you  of  the  men  in  your  ehope?  Have 
you  Investigated  the  conditions  under  which 
those  men  were  educated  and  the  limited  ex- 
tent of  their  edueaUonT  Are  you  oouTersant 
with  the  actual  relation  existing  between  the 
foremen  and  the  men  in  your  employment? 
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THE  ENGINEERING  DIGEST 


!■  It  not  a  fact  that  we  have  considered  this 
Imbor  more  or  ten  In  the  lame  way  as  we  do 

»  piece  of  machinery?  We  go  out  and  buy  It 
as  we  do  a  small  tool  and  then  we  forget  about 
it.  because  onr  thoughts  are  centered  upon  the 
larger  probiems  of  organization  of  our  busi- 
ness, the  expansion  of  our  foreign  markets,  and 
similar  matters  which  are  of  more  immediate 
importance  than  the  consldwatlon  of  the  con- 
ditions of  labor.  T  ask  you  ai?aln,  how  much 
time  have  yuu  persoualiy  given  to  the  sociologi- 
cal aide  of  the  manulkoturliig  problem? 

Our  consuls,  importers  and  manufacturers 
who  are  in  touch  with  the  situatioa,  seem  to 
havo  agreed  tbat  tk»  suceeMful  German  inva- 
sion of  the  world's  markets  Is  the  logical  out- 
come of  the  greater  average  efficiency  of  her 
workmen. 

Referring  to  the  report  of  the  Massachu- 
setts commission  on  industrial  and  technical 
education,  X  quote  the  followlns;  "Bmploren 
teetlfled  that  "manu fact  n ring  was  becoming 
more  difficult  and  more  ezpeosive'— caused 
b7  «  lack  of  ekllled  workmen.  Tbia  lack  Is 
not  chiefly  tlie  want  of  manual  dexterity 
(though  such  a  want  is  common),  but  the 
want  of  wbat  may  be  called  tndostrial  tatelU- 
genco.  By  this  Is  meant  mental  power  to 
see  beyond  the  task  which  occupies  the  hands 
for  tbe  moment,  to  tbe  operations  wblcb  have 
precedfxl  aud  to  those  which  have  followed 
it — ^power  to  take  in  the  whole  processt 
knowledge  of  materials,  Ideaa  of  cost.  Ideas 
of  organization,  business  sense  and  a  con- 
science which  recognizes  obligations.  Such 
iutcUigence  Is  wlae  enough  to  see  that  tbe 
more  it  has  the  more  it  will  receive. 

"Manufacturem  oonfldently  believe  that  a 


system  of  industrial  education,  wisely  planned, 
would  tend  to  develop  such  Intelligence,  while 
it  increased  technical  skll]." 

And  quoting  still  forther:  "Bismarck  in- 
quired of  the  officer  In  charge  of  the  German 
exhibit  at  the  Centennial  Exijositiou,  in  I87g, 
as  to  the  effect  of  the  comparison  of  German 
goods  with  those  of  other  countries.  The  re- 
ply was:  'Our  goods  are  Cheap  and  wT^ehed.* 
France  stood  out  at  this  exposition  as  supe- 
rior to  all  other  couutrles  in  those  manufac- 
tured goods  which  displayed  skill  and  trala« 
Ing.  Germany  took  her  cue  from  this,  and 
entered  upon  a  career  which  has  brought  her 
to  the  front  rank  In  the  t^odrntUaa  of  goods 
both  useful  and  artistic.  EnErland  took  her 
cue  also.  Then  began  the  crusade  for  the 
establishment  of  tnlBlng  sehoots,  the  Insu* 
juration  of  manual  training  and  Industrial 
education  in  every  direction,  and  England 
for  a  while  held  hw  suprmnaoiy." 

Under  the  present  system  of  manufacturins 
we  are  practically  using  up  our  supply  of 
lalior.  We  have  not  paid  any  attention  at  all 
to  finding  a  new  source  of  supply,  nor  have 
we  given  any  thought  to  its  proper  training. 
Our  Tsry  system  of  demandlnr  produetlon 
'  from  the  foreman  who  employs  the  men  elim- 
inates the  boy;  but  we,  as  manufacturers, 
are  not  living  In  the  present  day  only;  we 
will  have  to  carry  on  our  businesses  to-morrow, 
and  next  year,  and  ten  years  from  now,  and 
it  oertshily  would  he  wise  on  our  part  to  make 
such  effort  as  will  enable  us  to  recruit  labor 
from  new  sources  of  supply  and  give  careful 
heed  to  the  cultivation  of  such  sources  of 
supply  as  we  now  b«Te  to  make  It  more  eS- 
dent. 


Origiii  of  the  Word  *'lniieiilenr.** — ^A.  writer 

in  the  "Zritsf  h rift  des  Of  sti  i  r  Ingenieur  nnd 
Archltekten  Vereins"  has  lu\eBUgated  this  mat- 
ter, and  some  of  the  results  of  his  researches 
are  very  Interesting.  The  earliest  occasion  on 
which  the  profession  Is  referred  to  is  in  a 
Latin  book  published  in  the  year  11^9,  the 
name  being  given  as  "Knclgn'Titis" :  later,  In 
1238,  it  again  appears  in  a  Latin  book  as 
'*lzegnerius."  The  nearest  approach  to  the 
English  word  "engineer"  is  found  In  a  French 
book  published  in  1248  as  "engingnierre." 
Tbe  profession  was  at  first  connected  entirely 
with  military  operations  in  the  construction  of 
torts.   In  1710  Prince  Eugen,  of  Austria,  writ- 


ing to  the  emperor,  complains  that  "there  Is 

not  a  single  rriclncer  in  the  army  who  under- 
stands huw  tu  build  a  fort."  He  assumes  that 
"as  tbe  engineers  are  not  paid  (!)  they  hav* 
either  actually  come  to  grief  through  want  of 
niouey  or  else  they  have  moved  into  other 
countries  to  escape  rnlc."  As  a  result  of  this 
state  of  affairs,  t^rifiinofriiii;  schools  were  es- 
tablished by  the  emperor  at  Brussels  in  1717» 
and  at  Vienna  in  1718.  The  earliest  pictorial 
representation  of  an  enKineor  found  by  this 
investigator  was  in  a  rare  German  hook,  pul>- 
llshed  in  1761.  entitled  "Fallares  among 
Men,"  where  one  of  the  illustrations  is  entitled 
"The  Engineer." — "Tbe  Surveyor."  London. 
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AntoiBoWItt  Street  SwecpORn— A  maeliliift  ot 

this  type  has  recently  been  put  in  operation  In 
Paris,  France.  It  is  actuated  by  a  16-UP.  mo- 
tor Mid  traTels  from  4  to  6  miles  per  hoar.  It 
is  provided  with  a  water  tank  and  pump,  by 
means  of  which  water  in  the  form  of  a  nebula 
or  line  aprmy  to  directed  on  tlie  paYomont  In 
advrincG  of  the  roller  broom  for  the  purpose  of 
agglomerating  the  particles  of  dust.  The 
•mount  of  water  uaed  to  Tory  amall.  iMlns  onlr 
nboot  1  gal.  for  1,200  aq.  ftoC  pttvoment  awopt 


Alcohol  From  PmkL — ^According  to  a  reoent 

consular  report  the  large  deposits  of  peat  In 
this  country,  which  have  hitherto  been  of  prao- 
tieally  no  value,  may  prove  to  be  of  great 
worth  if  the  recent  experiments  of  a  French 
chemist,  Raynaud,  in  distilling  alcohol  from 
peat  prove  to  be  practical,  as  now  seems  prob- 
able. The  celluloae  of  the  peat  is  hydrated 
and  converted  by  means  of  sulphuric  acid  into 
a  soluble  carbohydrate,  which  Is  fermented  by 
means  of  a  special  yeast,  which  has  hitherto 
been  kept  secret.  According  to  statemento 
made  by  Professor  Ramsey,  one  ton  of  dry 
peat  is  said  to  furnish  about  43  gato.  pure 
spirits  and  about  66  lbs.  of  sulphate  of  am- 
monia of  100%.  It  ia  asserted  that  the  manu- 
facturing Qoata  of  1  gal.  of  aloobid  of  9f% 
are  at  most  10  cents,  whereas  the  cost  of  the 
process  of  distilling  from  potatoes  is  about 
S6  to  40  cents. 


A  Higb-ElBciencjr  Oil  Kngiue. — According  to 
a  report  by  Prof.  O.  Weber  in  a  German  con- 

temporary.  efHciency  tests  of  a  Diesel  motor 
of  200  HP.,  driving  a  direct-coupled  3-phase 
generator  In  the  power  plant  of  the  foundry 
of  the  L.  von  Roll  Ironworks,  at  Berne,  showed 
the  following  results:  Fuel  used,  petroleum 
residuum.  Fuel  eonsnmptfon  (In  lbs.  per 
KVV.-hr.  at  swltrhboard ) .  0.62  at  maximum 
load,  0.62  at  rated  load,  0.66  at  three-quarter 
rated  load,  0.77  at  half  rated  load,  1.42  at 
quarter  ratod  load.  The  generator  efficiency 
varied  from  91.5't  at  full  load  to  77.57o  at 
quarter  load,  including  friction  and  ventilation 
losses  at  1%  of  fnll  load.   The  thermal  ofll- 


ciency  based  on  effective  horse-poww  was 

computed  at  33.6%  for  rated  load,  32.4  for 
three-quarter  load,  28.7%  for  half  load,  and 
18.7%  for  qmurtor  load,  while  tho  thermal  sfll- 
dency  based  on  Indicated  horse-power  was  47.3 
to  44.1%,  being  maximum  at  halt  load. — "The 
Meehanleal  Bnglneer." 


CalenlallOBs  for  Magnetic  Olotcbes.— The 
number  of  ampere-turns  of  excitation  required 

for  an  ordinary  clutch,  consisting  of  a  thick 
disk  with  an  annular  space  machined  out  of 
one  fhce  for  the  magnetizing  coil  and  provided 
with  a  flat-faced  disk  armature  of  the  same- 
diameter,  may  be  calculated  from  the  follow- 
ing equation: 

Ampere-^tums  »  9,600,000  LBD>^.HP.  -i-  A  f» 

VBNTB«  +  8R"D  ) . 
where  L  =  mean  length  of  the  magnetic  cir- 
cuit; B  =3  radial  width  of  the  annular  pole 
face ;  D  =  diameter  of  central  pole  fkce  or  hah- 
of  clutch;  B  lip.  -  brake  horse-power  to  be 
transmitted;  A  ^  uieun  cross-sectional  area  of 
the  path  of  the  llnea  of  force;  n  »  permeability 
of  metal  (say  2,500  for  wrought  Iron);  N  = 
revs,  per  min.;  R  =  mean  radius  of  annular 
pole  fkos  (ss  (outside  diameter  of  dutch  B) 
-T-  2];  all  dimensions  in  Inches.  Thus,  assum- 
ing R  =  4  Ins.;  D  r=  2.5  ins.;  B  =  1  in.;  L  =• 
10  Ins.;  A  =  0  sq.  Ins.;  B.HP.  as  4;  N  =  100; 
and  n  -  2,500,  ampere-turns  of  coll  310. 
To  allow  for  the  reluctance  of  the  Joint  thto 
should  be  Increasod,  say,  to  400. 


8tr«nii)  Flow  INt linatee.i— In  planning 
for  enterprises  involving  the  use  of  water  In 
streams,  the  engineer  has  to  base  hto  estimates 
of  the  quantity  and  distrlbiii ion  of  the  flow 
that  may  be  expected  in  the  future  on  records 
for  past  years.  The  flow  of  a  stream  Is  a  con- 
stantly changing  quantity  and  neither  the  total 
quantity  nor  its  distribution  for  any  year  will 
probably  ever  be  the  same  In  any  other  year. 
By  the  study  of  long  series  records  of  flow  of 
the  Ohio  River  at  Wheeling.  W.  Va.  (drainage 
area  23,800  sq.  mi.),  the  Tennessee  River  near 
Chattanooga,  Tenn.  (drainage  area  81,400  sq. 
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ml.),  and  the  Sudbury  Hirer  at  Framiusbam, 
Mme.  (dfftliMce  MeA  76.2  aq.  mL),  it  haa  be«ii 
tottad  that  there  occura  In  practically  each  pe- 
riod Of  10  years  Investigated  a  year  of  average 
low  WAtor  and  alao  of  aToraca  fiigh  water. 
While  this  low  and  hicii  rnay  not  be  the  ex- 
treme, it  gives  nevertbeieas  the  mean  condition 
whielt  may  b«  expeetad  wltb  tiM  exoeptlon  of 
the  abnormal  year,  which  as  a  rule  only  oc- 
curs once  in  many  years.  It  is  believed.  Uiere- 
fore,  that  a  10-ycar  period  will  give  a  fair  Idoa 
oC  the  flow  that  may  be  expected  on  any  east- 
ern stream. — John  C.  Hoyt»  In  "Engineering 
News." 


The  Shrinkage  of  %\'»mmJ, — Experimonts  by 
the  Forest  Service,  at  its  timber  testing  station 
at  Tale  Valrevalty,  ikow  tbat  gran  wood  doea 
not  shrink  at  all  In  drying  until  the  amount 
of  moisture  in  it  has  been  reduced  to  about 
one-third  of  the  dry  weight  of  the  wood.  From 
this  point  on  to  the  nbsoUitr'l:-  r^ry  condition, 
the  shrinkage  in  the  area  or  cross-sectioa  of 
the  wood  la  directly  proportional  to  the 
amount  of  moisture  removed.  Tlie  shrinkage 
of  wood  in  a  direction  parallel  to  the  grain 
ta  very  tmall;  ao  amall  In  comparlaon  with  the 
ahrlnkage  at  right  angles  to  the  grain,  that 
in  computing  the  total  shrinkage  in  volume, 
the  longitudinal  shrinkage  may  be  neglected 
entirely.  The  volumetric  shrinkage  varies 
with  difTorpnt  woods,  being  about  26%  of  the 
dry  volume  for  the  species  of  eucalyptus 
known  as  blue  gum,  and  only  about  7%  for 
red  cedar.  For  hickory,  the  shrtnkngo  is  about 
20%  of  the  dry  volume,  and  for  long-leaf  pine 
about  15%.  In  the  uanal  alr^dry  condition, 
from  12  to  ir>Ti  of  moisture  still  remains  m 
the  wood,  so  that  the  shrinkage  from  the  green 
condition  to  the  air-dry  condition  la  only  n 
triac  over  half  of  ihat  from  the  green  to  the 
absolutely  dry  state. 


Sapt'riicated  Steam  Kconomles.-— ".\  few 
years  ago  the  author  made  some  experiments 
on  a  SOO-B.  UP.  triple-expansion  engine  with 
piston  valvea,  the  temperature  of  the  super- 
heated Hteani  varylnB  from  0  to  120°  C. 
The  results  of  these  trials  when  exhausting  to 
atmosphere  (1S2  lbs.  per  &q.  in.)  show  that  the 
consumption  per  hour  of  saturated  steam,  I.e., 
with  no  superheat,  is  lbs.  per  brake  horse- 
power, whereas  It  falla  to  12.76  iba.  at  a  tem> 
p<  raturo  of  698*  F..  eQttlvalent  to  a  superheat 

of  216'  F. 

"The  saving  therefore  amounts  to  (19.6  — 
12.76)/19.6  =  i5.h%. 

JUMB, 


'  When  exhausting  to  condenser  (214  Iba. 
per  aq.  la.),  the  eoasiimptlon  per  brake  bono* 

power  falls  from  ifi  lbs.  with  no  superheat  to 
ICS  lbs.  with  a  superheat  of  219*  F.,  or  « 
saving  of  (19  ~  10.6  )/19  -  92%. 

"The  amount  of  reduction  in  steam  coa- 
Bumption  depends,  of  courie,  upon  the  design 
of  the  engine  nnder  consideration;  in  the  prea- 
»  nr  case  it  amounts  to  about  1%  for  avery  7.2* 
F.  of  superheat.  This  is  a  figure  frequently 
given,  and  which  the  author  has  been  able  to 
verify  elsewhere." — Felix  P.  T,  Oodatd*  la  a 
paper  read  before  the  Institution  of  Navat 
Architects,  April  8,  1908. 


Steel  IMts  for  Power  Tmn-imlssion.  —  For 
the  purpose  of  replacing  the  ordioary  bell  aad 
rope  traasmlssloB.  a  Berlin  Urm  haa  reeeatlr 
brought  out  a  form  of  thin  ateel  band  run- 
ning either  on  ordinary  bare  pulleys  or  on 
pulleys  faced  with  a  apeelal  preparation.  Con- 
slderablo  sr^vlrt;  In  width  of  pull»-y  result* 
through  the  use  of  these  steel  bands.  Thus, 
the  width  of  an  ordinary  belt  for  a  200-H.P. 
engine  driving  a  dynamo  at  a  peripheral  speed 
of  5,300  ft.  per  min.  would  be  about  24  ins., 
whereas  the  steel  belt  used  was  but  4  Ins. 
wide  (0.02  in.  thick).  This  reduction  is  es- 
pecially advantageous  In  the  case  of  overhung 
pulleys,  as  It  not  only  reduces  the  length  of 
shaft  but  alao  the  leverage  of  the  unbslaaoad 
belt  pull.  The  steel  band  also  enables  very 
short  drives  to  bo  used,  and  so  reduces  the 
floor  space  reqnlred  In  many  cases.  The  ends 
of  th<-  bands  are  joined  by  a  special  lock,  hav- 
ing its  inner  surface  rounded  to  the  radius  of 
the  smaller  pulley.  The  band  does  not  strstdi 
in  use,  so  that  the  pulley  distances  can  be  fixed 
once  for  all  at  the  start.  This  absence  of 
stretch  alao  reduces  the  apparent  slip  which 
occurs  with  ordinary  belts,  owing  to  the  ex- 
pansion of  the  belt  whilst  moving  over  the 
driven  pulley  and  Its  eompresalon  while  on 
the  driving  pulley.  This  slip  ia  only  about 
0.1%  wltb  the  steel  bands.  Very  high  periph- 
eral speeds  are  allowable  with  the  aew  beltSi 

and  experiiiii'iits  have  been  carried  Out  at 
speeds  up  to  12.000  ft.  per  min. 


The  Lift  of  .leruplanes.— Draw  a  rights 
angled  triangle,  denoting  the  base  by  A  €  and 
the  vertical  height  by  B  C.  The  angle  B  A  O 
Is  then  the  inclination  of  the  plane  to  the  Uaa 
of  flight  In  still  ;ilr.  and  the  height  B  C  corre- 
sponds to  the  pitch  of  a  screw.  Suppose  we 
assume  B  C  to  be  one-ftmrtli  of  A  C  lar  1  ft. 
and  4  ft.  respeetively;  the  plaae  will  thaa 
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moTe  lh»  air  downwards  1  ft.  for  every  4  ft. 
Of  traveL  AMume  tho  speed  to  be  44  ft.  per 
MCOBd;  in  one  second  therefore  the  air  will 
be  moved  44/4  =  11  ft.  V,  the  acoelaratlOA. 
therefore  equals  li  It.  per  second. 

The  total  quantity  of  air  moved  per  laeeiid 
is  found  by  taking  the  sum  of  the  lengths  of 
sdl  the  leading  edges  of  the  planes.  This  sum 
mttttlpUsd  fey  tlM  dlBtaaoe  moved  In  one  eee- 
end  and  by  0.08  and  by  V  will  give  us  the 
weight  of  air  moved,  and  this  weight  multi- 
plied by  V  and  dlvMed  by  32  (t)  wul  give  tbo 
thrust,  or  lift,  In  pounds.  If  S  =  speed  per 
second  in  feet  on  the  line  of  flight,  P  the  pitch 
—  A  C/B  C  and  V  the  aoceleratloa  «  S/P.  and 
L  ==  length  of  the  leading  edges,  WO  may  write 
the  formula  as  0.08LSVV32  —  Ihe  lift  In 
pounda. 

In  Farman's  caso  the  speed  S  was  45  ft.  per 
second,  U  equaled  about  96  ft. — we  do  not 
know  what  V  was,  but  assume  it  to  be  10  ft. — 
we  get  lift  or  thrust,  T  »  96  x  45  x  lOi  x 
0.08/32  =  1,080  Iba  It  was  actually  1,100  or 
thereabout. — Prof.  Rankia  Kennedy,  in  "En- 
glneBrinK.'* 


The  Hygienics  of  Gas  and  lUectriclty  m 
llliiiwin>nte.i  -Tn  a  paper  recently  read  before 

the  Hnyn!  Sanitary  Institute  of  London  by 
Or.  Samuel  Rldeai,  the  results  and  conclusions 
dorlTed  ftom  a  namber  of  latereatlng  experl- 
aonta  are  given.  The  invest  fp;ations  were  car- 
ried oot  to  determine  the  respective  phyalo- 
logleal  effeeta  doe  to  lighting  by  gas  and  by 
electricity.  The  main  concltnlo&e  may  be 
summed  up  aa  follows: 

1.  Owing  to  the  better  ventilation  obtained 
by  ga.s,  the  products  of  combustion  are  not 
found  in  the  air  in  the  proportion  which  might 
be  expected,  the  temperature  and  humidity  In 
an  oooupled  room  being  no  greater  than  When 
the  room  is  lit  with  electric  light. 

2.  Carbonic  acid  has  not  the  injurious  ef- 
fect which  was  formerly  attributed  to  it.  but 
considerable  rises  in  th"  temperaturo  and 
moislure  content  of  a  room,  from  whatever 
source,  do  have  a  prejudicial  effect  upon  the 
well-being  of  the  occupants.  Even  under  ad- 
verse conditions  of  ventilation,  purposely  cre- 
ated for  this  Inquiry,  neither  the  temperature 
nor  percentages  of  moisture  in  the  room 
reached  a  point  at  which  any  such  effect  could 
be  detected  by  any  of  the  recognised  physio- 
logical tests. 

2.  It  haa  been  established  that  the  products, 
Tls.,  heat,  carbottle  aeld  and  moisture,  so  far  as 
they  modify  tho  health  of  the  occupants  of  a 


room,  are  derived  from  the  Inmatos  more  fliaa 
from  the  iUumlnant,  and  that  a  room  of  mod- 
erate size  can  be  efflclently  lifted  by  gat 
without  sensibly  affecting  the  amount  of  these 
thr«»e  factors. 

4.  Whllo  undoubtedly  It  Is  Important  to  en- 
sure adequate  ventilation  in  domestic  rooms, 
this,  with  present  methods  of  construction,  la 
better  Msurod  the  smaUor  the  room. 

R.  The  medical  conclusions  are  In  accord 
with  those  arrived  at  from  the  chemical  and 
physical  data,  and  also  demonstrato  that  the 
choice  between  the  two  systems  of  lighting 
does  not  depend  upon  hygienic  consideratloaa. 

Irrc^olaritles  in  Cement  Analysis.— The 
"British  Clay  worker,"  in  a  recent  issue,  caUa 
attention  to  the  need  for  a  standard  method 

of  cement  analysis,  showing  the  importance 
of  doing  away  with  the  Irregularities  resulting 
from  the  different  methoda  employed  In  vari- 
ous laboratories.   The  ezperlonoe  of  a  German 

firm  Is  quoted  as  an  extreme  oxamyilp  of  how 
great  differences  may  reauit  from  variations  m 

the  methods  of  analysis.  The  lirm  stated  that 

the  cement  to  be  used  on  a  large  work  should 
conform  to  the  standard  French  speclflcatlona. 
The  work  was  begun,  and  on  Investlgatton  It 

was  found  that  the  sample,  according  to  tho 
analysis  made  In  the  works  laboratory,  con- 
tained over  4%  of  Iron  oxide,  vrhleh  was  In  ex- 
cess of  the  amount  nil  awed  by  the  specification. 
Samples  were  then  sent  to  the  chief  testing 
laboratories  In  Berlin.  Wiesbaden,  Zflridi, 
Paris  and  Madrlrl.  The  results  obtained 
showed  a  wide  variation  in  the  percentage  of 
the  various  eonstltaenta.  The  Paris  labora^ 
lor\-  gave  the  j)orceiitage  of  iron  oxide  as  3.10 
while  the  Berlin  analysis  stated  it  to  be  4.48; 
19.36  was  given  by  the  Madrid  laboratory  as 
tho  percentage  of  silica,  while  the  Paris  analy- 
sis showed  21.34%  for  thla  constituent.  The 
/iirich  results  found  AltOi  to  be  8.51<^c,  while 
the  Berlin  analysis  gft  ?  porceniage  of 
alumfiia  as  r.."7.  The  Madrid  laboratory 
found  the  SO^  content  to  be  1.46,  and  the 
Paris  results  showed  only  0.62  for  this  con- 
stituent. Thtsc  •wcrf  the  most  important  dif- 
ferences, though  in  no  case  was  there  even  a 
reasonably  good  uniformity  exhibited.  Fur^ 
thermore,  the  Zflrich  laboratory's  results  were 
wrong  on  their  face,  for  tbey  totaled  lOl.iil 
Instead  of  100.00.  The  results  obtained  by 
the  German  Inhora'orlos,  presumably  using  the 
same  methods,  might  have  been  expected  to 
vary  somewhat  from  those  of  the  Paris  and 
Uadrld  laboratories,  but  they  did  not  even 
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asr«e  wlib  each  other.  Serious  Utlgatioa  may 
reralt  from  sueh  «  lack  of  tinlformfty  and  It 

certainly  would  seem  that  the  adoption  OC  A 
elaadard  method  would  be  a  wise  step. 


The  atrength  of  Chain  Itvlkt  i    A  MrioB  of 

experlmeniB  on  chain  llnlcB  and  ciroalur  rings, 
covering  a  period  of  two  years,  has  been  re- 
cently completed  at  the  Engiueering  Experi- 
ment Station  of  *hf'  University  of  Illinois  by 
G.  A.  Gotideaough,  Aesociate  Professor  of  Jsie- 
cImibIbiiI  Bnglnweringt  Vntrentty  of  lUioois. 
and  L.  E.  Moore,  Assistant  Professor  of  Civil 
Engineering.  Massachusetts  Institute  of  Tech- 
nology, formerlr  inatraetor  at  Urbene.  The 
work  was  undertaken  for  the  purpose  of  rnn- 
flrmlug  or  disproving  a  theoretical  analysis  of 
the  itreeMt  In  links  and  ring*.  A  oomiwrlMtt 
of  calculated  and  measured  deflections  af- 
forded the  desired  test,  and  the  results  of  the 
Investigation  mbnndantly  conflrmed  tbe  snsly" 
■is.  A  reliable  theory  having  been  derived, 
the  bending  moments  and  maximum  stresses 
were  calculated  for  links  of  various  forms,  end 
the  results  of  such  calculations  were  applied 
to  the  formulas  for  the  loading  of  chains  given 
by  Unwiu,  Bach  and  Welsbacb.  These  latter 
are  of  the  form  P  ■=  kd*«  where  P  is  the  load 
In  pounds,  d  the  diameter  of  the  link  In  Inches 
and  k  a  constant  varying  from  11,000  to 
000.  In  the  fbrmnlss  given  by  these  anthorl- 
tleSf  however,  the  maximum  stress  to  whfrh 
the  link  is  subjected  seems  to  be  under-esti- 
mated, tbe  valnee  of  k  being  such  aa  to  give 
maximuin  (i-iipilf  stresses  of  from  to 
40,000  lbs.  per  sq.  In.,  and  maximum  com- 
prenive  atreaaea  of  about  60.000  Iba.  per  sq. 
in.  The  formnlss  arrived  at  by  the  authors 
are: 

P  =  0.4d>8,  for  open  links,  and 

P  ^  0.5d:S,  for  stud  linka, 
where  S  rtvnot.  s  the  luaximiiin  pernilsafble  ten- 
aile  stress  in  lbs.  per  sq.  in.  if  S  Is  taken  at 
15,000,  the  corresponding  values  in  the  earlier 
formula  for  k  nre  fi.Ot-O  rind  T.'-Oo,  rpsper- 
tively,  for  open  and  stud  links.  The  iuvesiiga- 
tlon  Is  described  at  length  In  a  72-page  bulle- 
tin (No.  18)  published  hy  fho  university,  and 
the  theoretical  discussion  which  was  the  basis 
of  the  experimental  work  Is  given  in  full  in 


appendixes.  Copies  of  the  bulletin  may  be  ob- 
tained upon  application  to  the  Director,  Bs- 
psrtmeotal  Station,  Urhana,  HI. 


Steam  vs.  Compressed  Air  for  Power  Ham- 
mers.— Although  compressed  air  ponaMSa  cer- 
tain advantages  over  steam  for  operatiniE: 
power  hammers,  the  sweeping  statement  some- 
times met  with  that  the  former  Is  the  mors 
^'  onomical  in  steam  hammers  does  not  seem 
to  be  confirmed  upon  investigation.  Messrs. 
B.  *  S.  Maaaey.  a  prominent  English  Arm  of 
pneumatic  and  Bteam-power  hammer  makers, 
have  recently  published  tables  which  throw 
ooosiderable  light  on  the  subject.  The  prop- 
crtfeB  of  steam  nni  compressed  air  are  so 
nearly  alike  that  it  is  safe  to  say  that  the  same 
amount  of  work  can  be  done  in  a  hammer 
cylinder  by  a  given  volume  of  each,  measured 
at  the  same  preasure.  From  the  data  in 
Mesara.  Maaaey'a  tablea  It  would  aemn  that  as 
regards  the  cost  of  power  it  is  more  economical 
to  use  steam  than  compressed  air.  For  in- 
stance. If  the  figures  for  60  lbs.  steam  pres- 
anre  be  compared  v  :ih  thoae  for  45  lb«.  air 
prpBsure — tbe  latter  being  regarded  by  the 
authors  as  the  most  economical  air  pressure  to 
work  at — with  reference  to  a  works  where 
coal  l8  obtainable  for  f2.40  per  ton,  and  elec- 
tric current  costs  2  cts.  per  KW.-hr.,  or  belt 
power  1.70  eta.  per  B.HP.-hr.,  the  coat  will  be 
as  22.6  is  to  00;  or.  staled  otherwise,  the  cost 
of  steam  driving  will  be  less  than  one-quarter 
of  that  of  air  operating.  On  the  other  hand, 
ill  a  works  which  has  to  pay  f  4.20  per  ton  for 
fuel  and  only  0.5  ct.  per  KW.-hr.  for  electric 
«n»rgy,  or  0.44  ct.  per  B.HP.-br.  for  belt  driv- 
ing, air  comes  out  the  cheaper  (36.6:2'i). 
Broadly,  however.  It  may  be  calculated  that 
the  cost  of  driving  by  steam  and  air  will  be 
about  the  same  in  a  works  where  coal  costs  $6 
per  Ion  and  electric  power  1  ct.  per  KW.-hr., 
or  belt  power  0.S8  ct.  per  B.HP.-hr.  (In 
these  calculations  it  is  agsuraed  ^aat  6  IbS.  Of 
sitonni  will  til"  delivered  to  the  hammer  per 
pound  of  coal  burned,  allowing  for  average 
bollera  a  loss  by  condensation  In  pipes  of  2^ 
ihs.  Fifty  cents  per  ton  is  included  in  the 
prices  given  for  coal  for  labor  and  boiler 
maintenance.) — ''The  Engineer,"  London. 
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THBRMODYNAlflCS  OP  TECHNICAL  GAS 
REACTIONS.— By  Dr.  P.  Haber.  Pro- 
fessor at  the  Tefhnlscho  Hochschulo, 
Carlsruhe.  Translated  by  Arthur  B. 
Lamb.  Director  of  the  Havemeyer  Chemi- 
cal Laboratory,  New  York  ITniverblty, 
Xew  York  City.  New  York  and  London: 
Longmans,  Ureen  &,  Co.  Cloth;  5%  x 
8%  Ins.;  pp.  xlz.  •«-  S5C;  SO  lUnstratloiis. 
$3  net. 

TblB  work  conslBts  of  a  series  of  seven  lec- 
tures delivered  before  several  of  the  oolleaguee 

of  the  author  and  a  ntimbcr  of  jroung  research 
students  In  the  early  part  of  1905.  In  them 
tbe  author  endeavored  to  make  clear  the  stg- 
nlfioance  of  heat  factors  In  gas  reactions,  with 
especial  reference  to  the  specific  heats  of  the 
tntemcHiifr  substances  and  to  tbe  heat  evolved 
during  the  reaction.  The  gathering  of  these 
lectures  Into  book  form  has  been  for  the  pur- 
pose of  eifectinK  a  oontrtbutlon  to  technical, 
rather  than  to  theoretical,  chemlBtry.  and  the 
aim  of  the  author  has  been  to  present  in  tbe 
clearest  manner  the  application  of  the  mechan- 
ical theory  of  heat  to  chemistry.  Professor 
Haber  thoroughly  revised  the  German  edition 
purposely  for  this  translation,  and  many  parts 
were  rewritten  in  order  to  Include  matter 
necessitated  by  the  progresa  made  during  the 
years  1905  and  1906.  Tbe  subjects  of  the 
various  lectures  are  as  follons:  The  Latent 
Heat  of  Chemical  Reaction  and  Its  Relation 
to  Reaction  Energy ;  Entropy  and  Its  Signifi- 
cance In  Gas  Reactions;  Examples  of  Reac- 
tions which  Proceed  Without  a  Change  in  the 
Number  of  Molecules;  Examples  of  Reactions 
Involving  a  Change  In  the  Number  of  Mole- 
cules; The  Determination  of  the  Specific  Heats 
of  Gases;  The  Determination  of  Gaseous 
Equilibria,  with  a  Theoretical  and  Technical 


Discussion  of  Related  Questions;  Appendixes. 
It  is  a  work  that  will  thoroughly  interest 
diemlcal  engineers  and  metallurgists. 


METHODS  FOR  EARTHWORK  COMPUTA- 
TIONS.— By  C.  W.  Crockett.  Professor  of 
Mathematics  and  Astronomy,  Rensselaer 
Polytechnic  Institute.  New  York:  John 
Wiley  &  SoHB.  London:  Chapman  ft  Hallt 
Ltd.     Cloth;   0  x      Ins.;   pp  X+  114;  SO 

figures  in  the  text.   |1.{>0  net. 
In  this  book  the  author  has  sought  to  for- 

niulate  a  series  of  rules  by  menna  of  which 
the  terms  requisite  for  the  numerical  compu- 
tation of  volumes  by  the  prlsmoldal  formula 
and  the  average  end  area  method  may  be  writ- 
ten directly  from  the  notes,  without  any  In- 
termediate steps  and  without  drawing  any 
flexures,  the  qrmhoUzed  form  of  the  rules  en- 
abling the  computer  to  apply  them  without 
difficulty.  In  the  third  chapter  is  determined 
the  correction  to  be  subtracted  alcSbnlcallT 
from  the  volume  obtained  by  the  average  end 
area  method  in  order  to  find  the  volume  as  It 
would  be  given  by  the  prlsmoldal  formula. 
Chapter  IV.  treats  of  the  determination  of  the 
volume  by  the  average  end  area  method  when 
the  transverse  slope  of  the  surfSoe  Is  msas> 
ured;  and  the  resulting  formulas  are  so  sys- 
tematized that  the  volumes  in  Blde-blll  work, 
as  well  as  In  through  work,  may  be  readily 
computed.  The  succeeding  chapter  deals  with 
the  correction  for  curvature  in  railroad  work, 
and  Is  followed  by  one  deseriblns  a  slMe  rule 
invented  by  the  author  for  the  computation 
of  volumes,  and  giving  Instructions  for  Its 
use.  Appendixes  are  Indnded  on  the  hjrpsir- 
bolic  paraboloid  and  the  general  api)ncablllty 
of  the  prlsmoldal  formula;  approximate  prls- 
moldal correction  In  railroad  work;  and  a 
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summary  in  which  the  rules  developed  In  the 

text  are  stated  In  a  manner  that,  It  1b  believed, 
will  render  their  application  in  practice  simple 
•nd  rapid,  with  little  dianee  of  error. 


PRACTICAL  HYDRAULIC  fWATER  SUPPLY 
AM)  DRAIN'AOE)  TABLES  AND  DIA- 
GRAMS.— By  C.  E.  HouBden,  Superin- 
tending Knglneer.  P.  W.  D.,  India.  New 
York  and  London:  LoDgmans,  Qreen  4k 
Co.  Cloth:  6x7  Ins.;  pp.  xil.  ^  llS;  14 
figures  and  diagrams.  $1.25. 

Th^e  tables  and  diagrams,  originally  pre- 
pared for  the  penonal  «ie  of  the  author,  havo 

proved  of  Buch  use  and  convenJence  In  ascer- 
taining the  sizes  of  pipes  for  water  supply  sys- 
leiiia.  nirfaoa  dratae  and  sewers,  that  they 

have  been  pul^lfshrd  in  the  prf^prn*  form.  By 
their  aid.  If  the  total  length  in  feet  of  a  long 
line  of  flonttottotts  plpee  to  provide  dUferent 
dlscharE^PF;  and  the  levels  In  feet  from  point  of 
discharge  of  the  last  pipe  to  the  water  surface 
of  soaree  of  supply  are  known,  the  required 
sizes  o?  thr>  different  pipes  can  be  at  once 
detennined  from  their  average  hydraulic 
gradteats,  Irreapeettve  of  the  length  or  slope 
of  each  individual  pipe,  also  sizes  of  drains 
and  sewers  can  be  found  from  the  falls  la 
ttielr  water  surfaoea.  The  tables  are  based  on 
Ganguillet  &  Kutter's  formula,  and  the  sys- 
tem of  calculation  is  thought  by  the  author  to 
be  orl<;lnal  with  him. 

EDUCATIONAL       WOODWORKING  FOR 
HOME    AND    SCHOOL. — By    Joseph  C. 
Parli,  of  the  State  Normal  and  Training 
School,  Oswego.  N.  Y.    New  Yoric:  The 
Macmilian  Co.    Buckram;  4%  x  7^  Ins.; 
pp.  xit.  +  310:  SSS  flsurea  and  Uluatra- 
tlona.    |1,  net. 
Tlila  book  haa  been  prepared  for  the  purposr 
of  supplying  a  text- book  for  the  use  of  pupils 
in  the  manual  training  work  of  public  schools. 
The  various  woodworking  tools  and  machines 
ar^  clearly  described  and  illustrated  and  their 
uses  pointed  out.     Woods  are  then  briefly 
studied,  an  appendix,  however,  amplifying  this 
chapter,  being  devoted  to  a  deecriptlve  listing 
of  the  more  important  woodn  of  North  America. 
Sections  are  also  Included  on  fastening  de- 
vloea,  such  as  nails,  screws,  glue,  dowels,  keys 
ete.,  nnd  on  filling,  etnlning  nnd  varnishing 
Wood  turuiiig  Is  discussed  in  a  chapter  of  30 
pages,  and  a  large  variety  of  ezerdaes  are 
griven  for  knife  work.  Joinery,  cabinet  mnklnf 
and  turning.    The  commoner  geometric  prob- 
lems and  tables  of  weights  and  meosuree  form 
the  siihjert  mnttrr  of  two  appendixes.  Under 
a  capable  instructor  tiie  work  should  prove  of 
undoubted  educational  value. 


Riff'KIGl-^RATION.— An  Elementary  Text- 
book. By  J.  Wemysa  Anderson,  M.  Eng., 
M.  Inst.  C.  E..  M.  L.  Ifeoll.  B.  New  York 
and  London:  Longmans,  Oneen  4k  Co. 
Cloth;  X  nyk  Ins.;  pp.  Ix  +  143;  8T 
llluetnttona.  Including  4  folding  platea. 
net. 

Thla  work  to  devoted  to  an  expeaitton  of  tlw 

scientific  principles  involved  In  the  produo* 
tioD  of  low  temperatures,  and  to  descrlptiona 
of  the  apparatus  br  which  they  are  obtained. 
The  work  being  an  elementary  nnr,  questions 
relating  to  the  design  of  apparatus  have  t>een 
properly  withheld  for  a  suceeedtng  and  mors 
advanced  volume.  The  first  three  chapters  are 
given  up  to  a  concise  study  of  heat  and  Its 
effects,  thermometers,  sources  of  heat,  energy, 
specific  and  latent  heat,  and  the  transfer  of 
heat  by  radiation,  conduction  and  convection. 
Chapters  IV.  and  V.  deal  with  the  properties 
of  fluids,  the  expansion  and  campre.'^Bion  of 
gases  and  vapors.  Including  tbbles  of  the  prop- 
erties of  the  variouB  liquids  and  vapors  em- 
ployed in  refrlgerntive  work.  Chapter  VI. 
discusses  the  basic  laws  of  thermodynamics, 
Camot's  cycle,  effldency  and  the  ooefUdent  of 
performance  of  a  perfect  refrigerator.  In. 
Chapter  VII.  la  given  a  general  outline  atudy 
of  the  various  types  of  refrigerating  machines, 
in  which  cold  air  and  vapor  machines  are  de> 
scribed  and  details  given  of  compression  ma- 
chines  and  absoH'tion  plants.  Chapter  VIIL 
Is  devoted  to  wat'  f  and  brines  and  their  prop- 
erties, as  well  aft  vO  air  and  its  humidity.  The 
succeeding  chapter  discusses  the  various 
methods  of  manufacturing  artificial  Ice.  Chap- 
ter X.  describes  the  construction  and  Insula- 
tion of  cold-storage  warehouses  and  rooms, 
and  the  different  methods  of  cooling  used. 
The  last  two  chapters  treat  of  a  number  of 
lulscellaneous  uses  of  refrigeration,  such  as 
the  cooling  of  bulldlm^,  shaft  sinking  through 
water-bearing  rock  or  earth,  repulatlng  the 
moisture  in  the  air  supply  to  blast  furnaces, 
brewery  refrigeration,  cold  storage  and  tho 
temperatures  required,  etc.  The  Illustrations 
are  good,  the  Index  is  ample,  and  many  la- 
struetlve  and  practical  problems  are  given  la 
their  proiter  place  for  the  further  use  of  the 

student. 


HOW  TO  USB  SLIDG  RULES.— By  D.  Petri- 
Palmedo.  New  York:  Kolsteh  *  Co. 
Fleilble  doth;  4x7  Ins.;  pp.  56:  Ului- 
tratsd.  IO.SO. 

To  the  noviea,  onramiliar  with  the  mysteries 

of  the  slide  rule,  '"ils  little  work  will  undonbt- 
edly  prove  usefiu  Simple  examples  are  at 
first  given  and  the  atudent  Is  gradually  M  uj 
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to  the  performanm  of  the  mora  dlfflealt 

tnanipulationB.  The  aatbor'B  style  Is  clear  and 
bis  expositions  will  be  easily  understood. 
After  «  prefftterr  diaptar  the  aiifhor  dewrlliee 
the  Mannheim  slide  ml"  and  dfRcrlbr"  the 
methods  of  graphical  addition  and  subtraction. 
The  follovlag  •nhjeeta  ere  fben  tehea  up  la 
the  order  named:  the  Inpfnrithmfc  scale,  multi- 
plication, division,  proportions,  continued 
multiplication  and  eomblaed  multlplliiatlfni  and 
division,  squarrs-,  square  roots,  ciihc  roota, 
logarltbmuB,  powers  and  roots,  trigonometrical 
fuaettoaa,  the  trigoiiometrto  fbnotlone  In  «alea> 
lattons.  tangents  smaller  than  0.1,  sines  smaller 
than  0.01,  compound  calculations  and  the 
triplez  elide  rule. 


PRACTICAL  EARTHWORK  TABLES. — By  C. 
S.  HouBden.  Superintending  Engineer, 
P.  W.  D.,  India.  New  York  and  London: 
Longmans,  Green  &  (  n  cloth;  5x7 
ins.;  pp.  vlll.  +  63;  9  diagrams.  $0.90. 

These  tables  have  been  prepared  for  the 
purpose  of  facilitating  the  computation  of  the 
CToss-BPctlonal  areas  of  embankments  and  ex- 
cavations, by  reducing  the  work  involved  la 
preparing  special  sections  and  In  making  the 
necessnrj'  calculatlon«!  from  longitudinal  and 
cross-sections  of  ground  over  or  through  which 
the  propoeed  hank  or  cut  hae  to  be  made. 
Where  the  ground  at  right  angles  to  the  center 
line  is  fairly  level,  or  of  uniform  slope,  the 
preparattoo  and  calculation  of  apedal  oreai- 
sectlons  may  be  entirely  avoided  by  the  use  of 
the  tables.  Where  the  cross  slope  at  the 
eeleeted  polnte  le  not  the  eame  for  alt  of  them, 
the  calculation  of  cross-sectional  areas  Is 
necessary,  but  is  much  simplified  by  using  the 
tahlee.  One  method  of  ohtalning  tho  oaUc 
contents  of  an  embankment  or  cut  from  the 
tables  allows  the  approximate  amount  of 
prosreee  at  any  particular  time  to  be  quickly 
ascertained,  and  affords  an  easily  applied  check 
on  the  work  as  well  as  on  borrow-plt  measure- 
meiite. 


BUNGALOWS,  CAMPS  AND  MOUNTAIN 
HOUSES. — Selected  and  Compiled  by  the 
Editor  of  "The  Architects'  and  Builders' 
Magazine."  New  York:  W.  T.  Cometodc. 
Illuminated  boarde:  1%  x  10  Ins.;  pp. 
Ill;  profusely  Ulnetrated.   $2  net 

This  book  oonalsta  of  plana,  half-tone  repro- 
ductions of  photographs  and  pen  sketches  of  a 
large  variety  of  designs  by  a  number  of  arcbi- 
tecte,  ahowing  huUdtnge  that  have  been  erected 
In  all  parts  of  tho  '^ountry.  Many  of  these  are 
Intended  for  summer  use.  while  other  examples 
are  of  itnteturea  ereeted  In  California  and  the 


Southern  States  for  permanent  residences. 
Camps,  hunters'  lodges  and  log  cabins  are  also 
included,  suitable  for  vacation  use  in  woods 
and  monntatna.    Deaerlptlone  of  the  deelgna 

are  given  In  the  letter  press,  costs  In  many  In- 
stances being  stated.  The  book  is  excellently 
printed  on  fine  coated  paper  and  will  be  found 

full  of  suggestion!?  to  those  contemplating  the 
erection  of  the  Informal  structures  il  describes. 


AIBSHIPS.  PAST  AND  PRESBNT.— TCigether 
With  Chaptera  on  the  Uee  of  Balloons  In 

Connection  with  Ifeteorolt^,  Photog- 
raphy  and  the  Carrier  Pigeon.     By  A. 

Hlldebraiilf ,  Capt^aln  and  Instructor  in 
the  PruBsian  Balloon  Corps.  Translated 
by  W.  H.  Story.  New  York:  D.  Van 
Nostrand  Co.  Cloth;  6x9  ins,;  pp.  364; 
ti»  test  lUaatratlona.   $s.60.  net 

The  modern  application  of  ballooning  t- 
scientific  purposes  and  the  development  of  the 
dirigible  halloott  and  the  airship  have  aroused 
a  widespread  Interest  on  the  part  of  the  public 
in  this  form  of  sport  The  author  of  this 
worfc,  bellerlng  that  the  preaent  moment  -was 
suitable  for  a  review  of  the  history  ani  prpscnt 
state  of  development  of  airsbipe  in  general  has 
preiented  euch  a  snrreir  In  thta  work.  In  it 
are  dlRCus.sed  all  questions  relating  to  balloon- 
ing which  lend  themselves  to  popular  treats 
ment  and  are  of  general  Intereat  The  Intro- 
dnction  of  occasional  theoretical  considerations 
was,  of  course,  unavoidable,  but  theie  have 
been  reduced  to  the  amaltost  possible  compaai. 
The  avoidance  of  technical  discussions  makes 
the  book  easy  and  pleasant  reading  for  anjr* 
one  who  to  Interested  In  the  subject  The  see* 
tlons  on  dirigible  balloons,  military  ballooning, 
balloon  photography  and  the  use  of  carrier 
pigeona  In  eoaneetlon  with  military  halloonlng 
are  of  eapedal  Interest 

W  BOOMS. 

Civil  "  iglneerlng. 

a  treatise  on  iue  principles  and 
practice:  of  harbor  bnoinbbb- 
IN6. — ^Bjr  Brysson  Cunninghaau  Anthm 

of  "Dock   Engineering,"   etc.  London, 

England:  Charles  Griffin  &  Co.,  Ltd.  Phil- 
adelphia, Pa.;  J.  B.  Lippincott  Co.  Cloth; 
6%  X  9%  Ins.:  pp.  283:  24 s  iiiustrar 
tlons,  mostly  in  the  text.  $5.00,  net. 
CONCRETB  CONSTRUCTION.— Methods  and 
Cost.  By  Halbert  P.  Gillette.  M.  Am. 
Soc.  C.  E.,  M.  Am.  Inst  M.  B.,  Managing 
Editor,  Engineering-Contracting,  and 
Charles  9.  Hill,  C.  E.,  Associate  Editor, 
Kngini^orinp-Contracf hiK.  New  York  and 
Chicago;  The  Myron  C.  Clark  Publlahlng 
Co.  Cloth;  6  X  ins.;  pp.  690;  306 
illustrations  in  the  text  and  37  tables. 
15.00,  net 
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SECONDARY  STRESSES  IN  BRIDGE 
TRUSSES. — By  C.  R.  Grimm,  M.  Am.  Soc 
C.  B.  New  York:  John  Wiley  A  Sou. 
London,  Bnglaad:  Chapnifta  ft  Hb11»  Ltd. 
Cloth;  6%  X  »14  In*-:  pp.  140*,  60  lllus- 
tratlona  In  tke  t«xt  and  16  tables.  12.60; 
Enfllah  price,  lOa.  6d.,  net. 


JIARINE  BOILER  MANAGEMENT  AND  CON- 
STKUCTION. — Being  a  Treatise  oa  Boiler 
Troubles  and  Repairs,  Corrosion,  Fuels 
and  Heat,  on  the  Properties  of  Iron  and 
Steel,  on  Boiler  Mechanics,  Workshop 
Practices  and  Boiler  Desisn.  By  C.  E. 
Stromeyer,  M.  Inst.  C.  E.,  Chief  Engineer 
ot  the  Manchester  Steam  Usera'  Aasocla- 
tion.  TUrd  Edition.  New  Tork.  London 
and  Bombay:  Longmans,  Qreen  ft  Co. 
Cloth;  6x9%  ins.;  pp.  xx.  +  404:  452 
i:iii;^tratton8  In  tt  (  '  t  anil  many  tables. 
$1,  net;  United  Kuigciom,  128.  2d.,  net. 

Materials. 

THE  PRINCIPAL  SPECIES  OP  WOOD. — 
Their  Characteristic  Properties.  By 
Charles  H.  Snow.  Dean  of  the  School  of 
Applied  Science,  New  York  University. 
Second  edition,  revised,  with  additionn. 
New  York:  John  Wlter  ft  Sons.  Lon- 
don: Chapman  ft  Hall,  Ltd.  Cloth;  C  % 
9  Ins.;  pp.  xi.  +  203;  with  numerotts  fig- 
ures in  ihr  text  and  87  full-page  half* 
tone  plates.  |3.50. 

Mnt  hematics. 

A  VEST-POCKET  HANDBOOK  OF  MATHE- 
MATICS FOR  ENGINEERS.— Br  L.  A. 
Waterbury.  C.  E..  Professor  of  CtvU  En- 
gineering, Unfversfty  of  Arizona.  'New 

York:  John  Wii,  y  &  Sons.  London: 
Chapman  &  llall,  Ltd.  Morocco;  2%  X 
a%  ina.;  pp.  t1.  +  91;  61  flgnres.  |1.00, 
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Mechanlcnl  Knglnerrlnji. 

MACHINE  DESIGN.  CONSTRUCTION  AND 
DRAWINO.— A  Text  Booh  for  the  Use 

of  Young  Knplncers.  By  Henry  J. 
Spooner,  M.  Inst.  .M.  E.,  .Assoc.  M.  Inst. 
C.  E.,  Director  :ind  Professor  ot  Mechani- 
cal and  Civil  Engineeriug  iu  the  Poly- 
technic School  of  Engineering,  RcKent 
St..  London,  Author  of  "The  Elements 
of  Geometrical  Drawing,"  etc.  London. 
New  Tork  and  fiombajr:  Longmans, 
Oreen  ft  Co.  Cloth;  z  8%  Ins.;  pp. 
691:  r>  plates;  1.433  text  iUnitratlona 
and  S6  tables.  $3.50. 

POWER  GAS  PRODUCERS.— Their  Design 
and  Application.  By  Philip  W.  Robson, 
Of  the  National  Gas  Engine  Co..  Ltd. 
London.  England:  Edward  Arnold.  Cloth; 

X  S  Ins.;  pp.  2  47;  105  tllnstrar 
tious.  mostly  In  the  text,  and  31  tables. 
13.00,  net. 


REPORT  OP  THE  UNITED  STATES  P^UEL- 
TBSTINQ  PLANT  AT  ST.  LOUIS,  MO. — 
Jan.  1,  190C.  to  June  30.  1907.  Joseph  A. 
Holmee.  In  Charge.  Balletln  No.  332,  u.  S. 
Oeolofleal  Bwtey.  Geocg*  Otis  Smith,  IH- 
rector.  Washington,  D.  C:  Pnh.  Doc. 
Paper;  5%  x  $  Ins.;  pp.  299;  nnmerons 
tables. 

Hlning  and  Metallargy. 

A  POCKET  HANDBOOK  OF  MINERALS. — De- 
signed for  Uiii  HI  the  Field  or  Class-room, 
with  Little  Reference  to  ChemJca!  Tests. 
By  C.  Montague  Butler,  E.  M.,  Asslslaut 
Professor  of  Geology  and  Mineralogy, 
Colorado  School  of  MtaM;  United  States 
Deputy  Hinwal  Sunreyor.  New  York: 
John  Wiley  ft  Sons.    London:  Chapman 

&  Hall.  Ltd.     L.-nthnr;    1  x  (5^4  ioa,;  PP. 

ix.  +  L'itS;   ,S9  figures.  *J.UU. 

COAI^MINK  ACCIDENTS:  THEIR  CAUSES 
AND  PREVENTION.  —  A  Preliminary 
Statistical  Reijort.  By  Clarence  Hall  and 
Walter  O.  Snclling.  With  Introduction 
by  Joseph  A.  Holmes,  In  Charge  of  Tech- 
nologic Branch.  Bulletin  No.  333.  U.  S. 
Qeologlcal  Survey.  Ooorge  Otis  Smith, 
Director.  Washington.  D.  C:  Fob.  Doe. 
Paper;  6%  x  9  ins.;  pp.  21. 

INTRODUCTION  TO  MBTALLOORAPHY. — 
By  Paul  Ooerens,  Decent  in  Physical 

.Metallurgy  at  the  Royal  Technical  lllfih 
School.  Aachen.  Translated  by  Fred, 
lljtjotson,  A.  R.  C.  Sc.  1.,  Ixjcturer  in  Met- 
allurgy, The  University  Sheffield.  Lon- 
don and  New  York:  Longmans.  Green  & 
Co.  Cloth:  6%  X  9  Ins.;  pp.  214;  158 
illttstratioas  In  the  text.    |2.60,  nee 

Sanitation. 

THE  SANITATION  OF  RECREATION 
C.VMPS  -V.NU  PARKS. — By  Dr.  Harvey 
B.  Bashore,  .Medical  Inspector  for  Penn- 
sylvania Department  of  Health.  New 
York:  John  Wiley  &  Sous.  London: 
Chapman  ft  Hall.  Ltd.  cioth;  5  x  7  ^ 
Ins.;  pp.  xii.  +  109;  19  full-page  half-tone 
plates.  11.00. 


Two  Important  consolidations  of  technical 
Journals  take  effect  the  flrtt  of  the  present 

month.  "The  Railroad  Age  Gazette"  is  the 
title  uiuUr  which  the  successor  to  the  "Rail- 
road Gazette  and  "The  Railway  Age"  will 
appear,  while  the  merger  by  the  McGraw  Pub- 
lishing Co.  of  the  "Street  Railway  Journal" 
with  the  "Electric  Hallway  Review"  will  be 
known  as  the  "Electric  Railway  Journal." 
These  new  journals  will  bo  published  In  New 
York  City,  but  the  Chicago  editorial  offices 
of  the  "Age"  and  "Review"  will  still  h«  naAin- 
talned. 
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The  publication  of  material  in  this  section  is  not  paid  for.  While  it  partakes  more  or  lest  of  the  nature  of  ad' 
vertising  of  the  firms  mentioned,  it  is  intended  as  review  notices  of  some  of  the  more  important  cataloguesreceived 
describing  new  features  in  machinery,  materials,  processes,  etc.,  of  int^est  to  the  engineering  profession. 


THE  PROTECTION  OP  METAL.  SURFACES. 

The  essential  requisites  for  a  good  metal 
preservative  paint  are  spreading  capacity,  ad- 
hesion, elasticity,  drying  and  worlting  quali- 
ties, and  durability.  The  cost  of  the  paint 
is  not  so  important,  as  it  costs  from  two  to 
six  times  as  much  for  other  items,  such  as 
preparing  the  surface,  brushes,  etc.,  as  it  costs 
for  the  paint. 

In  making  a  paint  too  much  care  cannot  be 
exercised  in  selecting  a  vehicle  for  the  pig- 
ment. The  life  of  the  paint  is  directly  depend- 
ant on  the  life  of  the  oil.  Of  course  no  paint 
can  last  forever,  but  a  good  paint,  in  a  rea- 
sonably clear  atmosphere,  should  last  at  least 
six  years.  Practice  teaches  that  a  good  paint 
for  metal  structures  Is  composed  of  about  50% 
pigment  and  50%  oil  or  varnish,  and  that  the 
pigment  is  best  which  will  take  up  this  per 
cent,  of  varnish  without  adulteration.  Oxides 
of  iron  or  lead  arc  adulterated  with  large 
amounts  of  Inert  substances  without  detriment 
and  usually  to  the  improvement  of  the  paint, 
for  the  reason  of  the  chemical  action  of  the 
former  upon  the  varnish. 

In  designing  a  metal  preservative  paint  the 
first  consideration  should  be  the  vehicles  and 
then  the  preparation  for  compounding.  The 
protective  effects  of  carbon  lampblack  as  a 
water  repellent  are  well  known;  that  it  is 
practically  indestructible  by  oxidation  or  acids 
and  is  elastic  places  it  in  the  foremost 
ranks  as  a  pigment.  Linseed  oil  has  long  been 
used  as  a  vehicle,  and  in  some  respects  it  is 
admirable,  but  by  combining  linseed  oil  chem- 
ically with  Chinese  or  Tong  oil  there  is  ob- 
tained a  vehicle  which  is  probably  superior  to 
any  other.  Chinese  oil  dries  in  12  hours  and 
dries  throughout,  while  linseed  oil  remains 
soft  underneath  the  surface.  The  combination 
of  the  Chinese  and  linseed  oils  makes  a  highly 
durable,  elastic  and  excellent  vehicle  for  paint. 
By  using  carbon  lampblack,  in  connection  with 


various  other  carbons,  the  Nubian  Paint  and 
Varnish  Company,  41  Park  Row,  New  York, 
has  succeeded  in  producing  a  strongly  adhe- 
sive, elastic  and  durable  coating  for  metal  sur- 
faces, which  is  probably  superior  to  any  metal 
preservative  paint  ever  placed  on  the  market. 


A  DEVICE  FOR  FACrLITATING  COST  AO- 
COUNTING. 

The  past  decade  has  witnessed  important  ad- 
vances in  many  lines,  but  possibly  none  has 
shown  more  rapid  evolution  than  the  science 
of  cost  accounting. 

Costs  naturally  divide  into  three  classes: 
material,  labor  and  expense.  The  problem  of 
taking  care  of  the  cost  of  material  is  well  ad- 
vanced and  easily  understood.  That  of  ex- 
pense, while  one  on  which  varying  views  are 
held,  is,  nevertheless,  once  the  proper  items 
to  be  Included  are  settled  on,  not  difficult  to 
solve.  The  efficient  determination  of  labor 
costs,  however,  with  the  innumerable  entries 
and  the  calculations  involved,  is  a  branch  of 
the  subject  that  has  contributed  much  to  the 
perplexity  of  accountants,  because  of  the 
amount  of  time  involved  in  the  making  of  cal- 
culations and  the  errors  consequent  thereto. 

An  instrument,  which  has  been  highly  suc- 
cessful in  serving  to  facilitate  the  accounting 
of  labor  costs  is  the  Calculagraph,  a  descrip- 
tion of  which  follows. 

Referring  to  the  illustration  following,  it  is 
seen  that  the  Calculagraph  is  provided  with  two 
operating  levers  or  handles  projecting  upward, 
one  on  cither  side  of  the  dial  which  indicates 
visibly  the  time  of  day. 

Record  cards  are  provided  in  advance,  on 
which  are  printed  the  several  operations  per- 
formed in  the  particular  department  of  a  man- 
ufacturing plant  where  the  machine  is  to  be 
used,  with  a  space  left  vacant  at  the  upper 
edge  of  the  card  of  suitable  size  to  receive  the 
Calculagraph  record. 
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When  a  workman  commences  on  any  Job  or 
operation,  one  of  these  cards  is  inserted  in  the 
■lot  of  the  Calculagraph,  under  the  platen  in 
front  of  the  visible  dial,  and  it  is  shoved  along 
against  a  guide  from  left  to  right  until  it  fits 
in  a  corner,  the  right  hand  lever  is  then  ope- 
rated both  backward  and  forward.  On  the  im- 
preasion  thus  made  the  time  of  day  work  was 
commenced  is  indicated  at  the  right  An 
arrow  in  the  center  of  the  dial  represents  the 
minute  hand  of  a  clock  face  and  a  triangular- 
shaped  pointer,  which  rotates  around  the  out- 
aide  of  the  dial,  represents  the  hour  hand  of  a 
clock.    This  record,  which  indicates  the  hour 


THE  CALCULAGRAPH. 

at  which  work  was  commenced,  is  made  by 
moving  the  right-hand  levor  backward.  The 
forward  movement  of  the  same  lever  prints 
upon  the  card  two  circles  of  figures  on  the  left- 
hand  end  of  the  card. 

At  the  end  of  the  working  period,  when  the 
Job  is  finished,  or  work  is  discontinued  for  any 
reason,  the  same  card  is  returned  to  the  slot 
of  the  machine,  against  the  guides  in  exactly 
the  same  position  as  liefore,  and  the  loft-hand 
lever  is  operated.  This  causes  two  arrows  to 
be  printed  in  the  centers  of  the  two  circles  of 
figures  Just  mentioned,  at  the  left  end  of  the 
card.  One  of  these  circles  is  for  hours  and 
the  other  for  minutes;  read  together  they  Indi- 
cate the  period  of  time  that  has  elapsed  since 
the  work  was  begun. 

A  large  number  of  such  records  of  elapsed 
time  or  working  time  may  be  printed  upon 
separate  cards  l)y  one'  Calculagraph  and  it  is 
entirely  immaterial  whether  or  not  these  rec- 
ords are  commenced  and  finished  In  consecu- 
tive order.  That  is  to  say:  the  last  workman 
to  commence  may  be  the  fint  to  finish,  yet 


each  record  of  working  time  will  appear  on  its 
card  accurately  without  any  reference  to  others 
that  may  have  been  commenced  or  finished 
during  the  interval. 

It  will  be  understood,  of  course,  that  the 
card  must  be  marked  with  the  workman's 
name  or  number  for  purposes  of  identification. 
Also  the  particular  operation  that  he  is  en- 
gaged upon  should  be  check  marked  on  the 
card  so  that  his  record  of  working  time  may 
be  charged  against  that  particular  operation 
for  cost  accounting  purposes.  It  will  thus  ap- 
pear that  one  Calculagraph  is  capable  of  print- 
ing the  time  of  commencing  and  the  time  em- 
ployed of  every  workman  on  every  Job  or  ope- 
ration performed  in  a  department,  without  any 
liability  of  inaccuracies  on  the  part  of  clerks 
in  subtracting  written  records  of  time,  or 
errors  of  workmen  in  incorrectly  entering  the 
time  they  use  on  a  specific  task. 

The  Calculagraph  can  be  furnished  to  indi- 
cate hours  and  tenths  of  hours,  if  desired,  ia 
place  of  hours  and  minutes.  Particulars  re- 
garding its  application  to  any  specific  work  for 
which  it  Is  designed  will  be  furnished  on  re- 
quest to  the  Calculagraph  Co.,  1445  Jewelers' 
Building.  New  York  City. 


A  SOUTHERN  PIPE  FOUNDRY'. 

Throughout  the  South  are  located  many  im- 
portant manufacturing  enterprises,  the  his- 
tories of  which  are  of  Interest  as  in  showing  the 
growth  of  industrial  activity  in  that  section 
and  the  evolution  of  large  modern  establish- 
ments from  the  modest  beginnings  of  pro- 
gressive men.  Such  enterprise  is  the  Lynch- 
burg Foundry  Co.,  of  Lynchburg,  Va.,  operat- 
ing plants  there  and  at  Radford,  Va.,  with 
Eastern  offices  at  220  Broadway,  New  York. 

This  industry  was  started  in  1875  at  Wythe- 
vllle.  Va..  by  C.  P.  McWane,  father  of  H.  E. 
McWane,  president  of  the  present  company. 
His  first  shop  employed  two  men  and  was 
operated  by  horse-power,  making  miscellane- 
ous small  castings,  with  plows  as  a  specialty. 

About  1880,  Mr.  H.  E.  McWane  became  a 
partner  with  his  father,  and  continued  as  a 
member  of  the  firm  until  1887,  when  he  went 
to  Lynchburg,  Va.,  as  manager  of  the  Glamor- 
gan Company.  Two  years  later  this  company 
began  the  manufacture  of  cast-iron  pipe, 
changing  its  name  to  the  Glamorgan  Pipe  & 
Foundry  Co.  Mr.  McWane  was  elected  presi- 
dent and  general  manager,  which  position  he 
held  for  13  years.  During  these  years  the 
force  of  workmen  was  increased  from  16  to 
more  than  700,  and  the  annual  volume  of  busi- 
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LYNCHBURG  (VA.)  WORKS. 

ness  from  $50,000  in  1887  to  $723,000  Id 
1901.  In  1902  Mr.  McWane  sold  hia  Interests 
in  the  Glamorgan  Company  and  embarked  In 
the  present  enterprise,  purchasing  as  a  foun- 
dation the  Lynchburg  Plow  Co.,  capitalized 
at  $80,000,  organized  in  1896  by  him  and 
other  Lynchburg  parties  to  continue  and  en- 
largo  the  plow-manufacturing  business  still 
conducted  by  his  father  at  Wythovllle.  Hav- 
ing acquired  the  plant  on  the  James  River, 


WYTHBVILLE  SHOP,  ESTABLISHED  1875. 

within  the  city  limits  of  Lynchburg,  the  capi- 
tal stock  was  Increased  to  $150,000,  a  small 
pit  was  Installed  and  the  manufacture  of  pipe 
begun  In  April,  1903,  with  a  dally  output  of 
about  15  tons.  The  corporate  name  was 
changed  to  the  Lynchburg  Foundry  Co.,  but 
to  distinguish  the  two  lines  of  manufacture 
the  pipe  department  la  operated  under  the 
name  of  the  McWane  Pipe  Works  and  the  plow 
department  under  that  of  the  Lynchburg  Plow 
Works.  During  1903  the  dally  output  of  pipe 
was  increased  to  about  25  tons,  and  In  1904 
the  capital  stock  was  Increased  to  $250,000 
and  another  pit  was  added,  bringing  the  dally 
output  to  between  50  and  60  tons. 

The  continued  growth  of  the  plow  depart- 
ment and  the  limited  room  for  further  en- 
largement of  the  pipe  plant  at  Lynchburg 
made  the  immediate  acquisition  of  another 
plant  necessary  to  meet  the  rapid  Increase  Id 


RADFORD  (VA.)  PIPE  WORKS. 

trade.  In  July,  1905,  the  Radford  (Va.)  Pipe 
Works  was  purchased,  but  was  not  put  In  op- 
eration until  July,  1906,  as  It  was  under  lease 
to  another  company.  This  plant  cost  nearly 
$500,000,  and  has  a  maximum  capacity  of  125 
tons  dally  in  sizes  from  3  inches  to  30  Inches 
diameter.  The  purchase  of  the  plant  necessi- 
tated a  further  increase  In  capital  stock  to 
$400,000,  which  Is  the  present  amount.  The 
dally  pipe  capacity  is  now  about  175  tons, 
with  a  force  at  both  plants  of  more  than  600 
workmen.  The  illustrations  given  show  the 
company's  original  plant  In  1875,  the  present 
pipe  works  at  Radford,  and  the  plant  at 
Lynchburg. 

Since  the  very  first  cast  in  the  Lynchburg: 
plant,  more  than  four  years  ago.  the  percent- 
age of  foundry  loss,  or  defective  castings,  has 
been  remarkably  small,  seldom  reaching  1%, 
and  many  times  running  lower  than  0.6%. 
This  perfection  of  workmanship,  combined 
with  the  high  grade  of  material  from  Virginia 
furnaces  and  mines,  has  given  McWane  pipe 
a  reputation  among  buyers  of  pipe  throughout 
the  country,  and  shipments  are  made  to  nearly 
every  State  In  the  Union. 


REDUCING  THE   COST  OP  CONCRETE 
WALL  FORMS. 

Heretofore  In  constructing  the  form  work 
It  has  been  necessary  to  build  braces,  frame 
work,  and  construct  the  whole  throughout, 
and  the  timber  cost  under  such  conditions,  to 
say  nothing  of  the  time  consumed  In  the  op- 
eration, has  made  concrete,  for  use  In  certain 
classes  of  work,  almost  prohibitive. 

With  the  aid  of  the  Dietrlchs  concrete  wall 
form  clamp,  and  tie  wires,  the  matter  of  con- 
structing the  forms  for  the  use  of  concrete 
has  been  rendered  exceedingly  simple  and 
economical. 

The  Dietrlchs  wall  form  clamp  and  tie  wire 
Is  a  device  having  for  Its  object  a  simple  and 
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ettectlTe  in«ttiod  of  Mcnring  and  holding  In 

an  upright  and  properly  spaced  position  the 
boards  or  other  material  selected  as  forma. 

Tn  brief,  It  conslBts  of  pivoted  clamps  whloll 
hold  the  form  boards  in  position,  by  means  of 
tie  wires,  placed  in  the  hooli  end  of  clamps. 
By  means  of  steel  wedges  placed  through  the 
slotted  ends  of  clamps,  the  boards  are  held 
firmly  in  position.  After  the  ronorcto  has  set, 
and  the  wedges  have  been  removed,  so  that 


TBB  DIBT8I0B8  WALL-FORM  CLAMP. 


the  form  boards  can  be  taken  down,  It  is  an 
easy  matter  to  disengage  the  cUimp  from  the 
wtrea  by  working  slightly  with  t1i«  liftiid  tbo 
end  of  the  pivot  arm,  which  opens  the  Jaw  of 
the  clamp,  allowing  the  lip  to  be  pulled  out 
without  disturbing  in  any  way  the  wire,  which 
then  forma  a  reinforcing  rod.  Small  holes 
left  by  diaengAging  the  clamp  are  eaaily 
grouted. 

A  sporial  and  unique  feature  of  tbO  IMS  of 
the  Dletrichs  clamp — aside  from  tho  eas^  with 
which  lb©  [onus  may  be  erected — lies  In  the 
fact  that  the  loww  board  of  the  forms  in 
which  the  clamps  arp  tised  may  be  disengaged 
and  used  to  build  the  forms  higher,  without 
la  any  way  dlatnrblng  the  arrangement  or  se- 
curity of  the  upper  boards.  This  feature  al- 
lows of  not  only  ease  In  handling  a  smaller 
Amount  of  lumber,  tor  form  work,  but.  It  la 
stated,  effects  a  larfrcr  prnnnmv  than  is  pos- 
aible  by  the  use  of  any  other  wall  form  clamp 
■oD  the  market. 

The  fact  that  It  l.«  possible  to  remove  the 
iower  form  boards,  while  the  concrete  is  still 
ilamp,  ttV9i»  additional  Talue  to  the  use  of  the 
Dletrleha  clamp,  as  It  is  possible  by  this  means 
to  effect  a  positive  adherence  of  the  cement 
uanl  la  atiy  groutluK  which  may  be  neoeasary 
where  Irregularities  appear. 

No  special  preparation  to  fit  the  clamps  to 
any  available  timber  ta  neoaaMur  beyond  the 


boring  of  alotted  holes  In  the  boai^a  at  Inter- 
vals of  about  one  foot,  although  it  Is  only 
necesaary  to  insert  the  damps  at  distances 
varying  from  lai.  to  4  ft.,  depending  upon 
the  scope  of  the  operation  and  thtckneaa  of  the 
wall. 

Any  timber  which  la  found  available  for 
use  in  forms  where  the  forma  are  made  with 
the  aid  of  framework,  braces,  etc..  will  bo 
found  equally  fitting  for  use  with  the  Dlet- 
richs clamp.  In  other  worda— 'the  very  mnto» 
rial  which  Is  ordered  for  use  as  floor  beams 
may  be  used  as  material  fur  forms,  and  after 
serving  their  function  In  thie  direction,  may 
be  used  for  the.  purpose  for  which  they  were 
originally  purchased. 

It  la  claimed  for  the  Dletrleha  damp: 

1.  That  the  cost  of  forms  tn  many  cases  is 
done  away  entirely  by  using  material  pur- 
ohaaed  for  nae  in  the  oonstrnetion  of  the 
house;  and  where  it  is  necessary  to  purchase 
extra  material  for  forms,  a  saving  of  fully 
7696  over  ordinary  methoda  la  effeeted. 

2.  That  an  economy  of  time  consumed  in 
the  operation  of  building  forms  of  fully  75% 
la  effected  over  ordinary  methoda. 

These  savings  reduce  the  expense  for  ma- 
terial and  time  in  constructing  form  work  to 
25%  of  Its  uaual  coat. 

This  device  Is  manufactured  and  sold  by  the 
Dietricbs  Clamp  Co.,  16  Kaufman  Ave.,  Ut- 
ile B^rry,  K.  J.*  who  will  promptly  fumlab  ad- 
ditional Information  to  tboae  Intereated. 

A  NEW  HAHDNEH8  TESTING  INSTRL.ME.NT. 
Hardneaa  la  that  property  of  a  material 

which  resists  a  ohanpe  in  the  relative  position 
of  the  molecules  of  the  material  without  sep- 
arating them  from  each  other.  It  may  be 
tested  and  recorded  aa  the  reatatanee  to  inden- 
tation. 

If  Indentationa  are  made  in  vartow  aub- 

Btances  by  the  same  force  transmitted  through 
the  same  medium,  the  relative  hardness  of  the 
different  materlala  can  be  recorded  by  meaaur* 
int:  the  depth  of  the  indentation  In  each. 
However,  the  accurate  measuring  of  the  depth 
of  auch  indentation  la  difllcult  work  and  re- 
quires special  instruments  .nnd  test  plecea. 
To  overcome  this  difficulty  a  method  must  be 
puraaed  which  will  provide  a  meana  of  <|«ilclt1y 

and  ai-curatclv  ib't'Diiinln^  the  resistance  to 
indentation  of  a  material,  such  as  that  accom- 
pllabed  by  the  Ballentine  Method  and  Appa> 
ratus. 

The  method  employed  by  Mr.  Ballentine  con- 
aiate  tn  allowing  a  hammer  or  apeelfled  weight 
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to  fall  through  a  ispecified  height  (as  obtaiued 
by  experiment)  on  an  nnvll  to  whteh  U  oon- 
nprtrd  a  tc^st  pin  which  resta  on  specimen  to 
be  teste  1.  A  penetration  In  the  material  la 
obtained  and  realatance  enoonntered  la  m«aa* 
iired  hy  the  blow  being  transmUtcd  to  the  test 
pin  through  a  soft  metal  recording  disk  which 
la  held  at  lower  end  of  drop  hammer.  Thla 
soft  disk  thti?5  offprs  a  constant  resistance  to 
deformation  and  will  be  penetrated  to  a  depth 
▼avylns  as  the  reelatanoe  the  pin  enoountera  In 
penetrating  the  material  bring  testod. 

In  other  worda,  the  depth  of  penetration  ot 
the  lead  recording  diak  will  Tary  aa  the  hard* 
ness  of  the  material  being  tested  and  the 
harder  the  metal,  the  deeper  the  penetration 
Will  be  In  the  recording  disk. 

'nie  -  Instrument  is  entirely  seir-oonfained. 
and  is  well  adapted  to  either  laboratory  or 
general  shop  use.    It  can  be  used  to  test  all 

iiiatt'ilnls  usOil  in  tho  various  infrhaiiin  arts 
that  can  be  tooled  or  machined,  except  those 
that  require  an  abrasive  substance  for  their  re- 
(hictiuii.  ."^uch  as  hardened  steel,  which  la  too 
bard  for  indentation. 

The  Ballentine  apparatus  is  manufactured  by 
Tinius  Olsen  &  Co.,  rhlladelphla,  Pa.,  from 
whom  additional  particulars  can  be  obtained 
npon  request. 


FOR  THE  FILE. 

CataloB*  and  literature  of  machinery,  tools 
and  snppilM  twod  by  engineer*,  contractors,  etc.. 
should  alw»iy«  hf  on  Kanrl  for  r<*f«"rfTic?.  When 
writing  the  manufacturer  or  dealer  whose  catalogs 

have  been  reviewed  or  sdvertieed  in  IIm  Engineer 

inn  r>in<'<^  pl<^«»<*'  »tate  iKnt  jpoo  ssw  the  eeroe 

mentioned  in  this  magazine. 


ROCK  DRILLS.— Wood  Drill  Worka,  SO-36 

Dale  Avenuo,  Patorson,  N.  J.  Paper; 
6x9  Ins.;  28  pages;  illustrated. 

This  catalogue  describes  "Wood"  pereus* 

Blvr>  rork  drill,  which  Is  inafl<>  in  iiiiii'  sizes, 
ranging  from  2  Ina.  to  3%  Ins.  Extreme  sim- 
plicity of  construction  and  durability  under 
hard  usage  are  claimed  for  ihm  line  of  drills. 
The  front  head,  which  has  always  been  a 
source  of  trouble  to  manufacturers,  is  made 
of  malleable  iron,  hold  firmly  by  four  bolts 
Instead  of  only  two,  and  the  head  Is  cored 
from  the  irtaide  to  receive  two  case-hardened 
holta  to  hold  the  packing  sleeve  in  place. 
This  prevents  the  bolts  from  wenrfnj?  the  cnr- 
ners  away  (due  to  the  jarring  of  the  drill) 


and  falling  out,  as  is  the  case  where  the  alots 
are  cored  from  the  outside.    The  valvo  la 

made  of  tool  steel,  and  as  Its  end  spools  never 
cross  a  port  it  never  freezes  up  when  operr 
ated  by  compressed  air  under  ordinary  condi^ 

tioiiB.  Triitofls,  coluniiis.  hose-couplings  and 
various  other  accesaories  are  described  and 
listed,  and  some  space  Is  devoted  to  sugges* 
tioiis  :>  I  h  I  roper  handling  of  rock  drllln 
and  mining  machinery.  * 


PIREPROOP   ASPHALT  ROOPINO. — Btowell 

Mfp.  Co.,  217  Culver  Avenue,  Jersey  City, 
N  J.  Paper;  5^x8  ins.;  32  pages;  Il- 
lustrated. 

This  catalnp  deseribes  the  ten  varieties  of 
surfaced  roofings  and  saturated  roofing  felts 
manufactured  by  the  company.  In  their  prep- 
aration the  best  quality  of  fibrous  pure  wool 
fell  la  saturated  with  Trinidad  Laice  aaphalt 
and  heavily  coated  with  the  same  matorint  of 
a  stlfTiT  consistency,  into  which  Is  flrmly  Im- 
bedded a  dense  surfacing  of  crushed  granite, 
feldspar,  ground  asbestos  fiber,  cork.  graTol. 
sand  or  Kronnd  mica  and  slate,  accordlnpc  to 
the  work  for  which  It  Is  intended.  Thus,  the 
eruihed  granite  coating  affords  a  rough,  im- 
pregnable surface  capable  of  protection  against 
the  severest  conditions  Imposed  on  manufac- 
tories, furnaces,  foundries,  railroad  buildings, 
etc.,  while  the  cork  moilnK  serves  as  a  light- 
weight roof  of  great  durability,  furnishing  sat- 
isfactory protection  agalnat  the  weather  and  at 

the  same  time  acting  as  beat  insulation 
for  the  building.  The  respective  advantages  ot 
the  several  kinds  are  set  forth  fn  this  catalog^ 
and  directions  are  given  for  laying.  Samples 
will  be  sent  to  those  Interested  upon  apj>llca* 
tiun,  together  With  additional  partlcnUura  and 
suggestions  as  to  the  best  grade  to  use  for  any 
particular  purpose. 


PUBL  OAS  PURNACB8.^Amerlcan  Gas  Pur? 

naro  Co.,  24  .lohn  Street,  New  York  City, 
Illustrated  Catalog,  7th  Edition.  Paper; 
8  X  5' J  Ins.;  212  pages. 

This  catalai?  fleserlbes  the  various  sises  Of 
the  American  oil-gaij  machine,  a  generator 
which  converts  the  total  of  any  given  quantity 
of  naphtha  info  perfect  fuel  gas  by  an  auto- 
matic process;  the  positive  pressure  blowers 
for  furnishing  the  air  blast  required  by  the 
generators  and  gas-blast  fiirnaeef?  for  the  per- 
formance of  all  mechanical  heating  processes, 
snch  as  annealing,  assaying,  case-hardening, 
enameling,  forging,  Japanning,  meltlnp.  ri\et 
heating,  tempering,  etc    The  generators  are 
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re^larly  mad«  In  slsw  for  oonvertlns  from 

r>  to  no  gallons  of  naphtha  into  fuel  gas  per 
hour — larger  sizes  to  order.  Each  gallon  of 
naphtha  la  said  to  produce  a  Tolttmo  of  fuel 
gu8  equivalent  In  hoaring  power  to  200  OB.  ft 
of  standard  city  lUiuninatlng  gaa. 


"CARBONKOTE"  METAL  PRESERVATlVK 
PAINT&— Nubian  Paint  «  Varnish  Co.» 
Mow  York.   Paper;  S  x  9  Ins.;  19  pages. 

The  protective  effects  of  carbon  lampblaek 

as  n  water  repellent  are  well  known.  It  is  not 
affected  by  active  chemicals,  Is  electrically 
paaslTe,  non-oorroslTe  and  less  affected  hy  heat 
or  cold  than  any  other  plgmpnt.  Lampblack, 
with  other  carbons.  Unseed  oil  and  Chinese 
wood  oil,  go  to  make  np  the  several  srades  of 
"Carhonkoto,"  which  nro  compoutifled  for  use 
as  metal  preservatives,  enamels  for  surfaces 
aabjected  to  heat,  add  resisting  coatings  for 
pipes,  (lues,  etc..  waterproormg  paint  for  sub- 
merged metal  surfaces,  damp-proof  paint  lor 
use  In  breweries,  cold  storage  warehouses,  ete 
The  specific  qualities  of  these  various  grades 
are  described  In  this  catalog,  together  with 
those  of  "Carbonkote"  cement,  which  Is  used 

on  Ijridges  subjeeted  to  locomotive  blasts.  A 
specification  for  painting  structural  steel  la  also 
In^lnded. 


GRAPHITE  PAINTS.— Detroit  Graphite  Mfg. 
Co.,  Detroit,  Mich.  Paper;  6x9  Ins.; 
196  pages;  Illustrated. 

This  pamphlet  shows,  by  means  of  half-tone 
illustrations  of  buildings,  bridges  and  other 
steel  straetureo,  the  extent  to  whldi  the 
graphite  protective  paints  manufactured  by 
this  company  have  already  been  used.  The 
pigment  used  In  these  paints  Is  amorphous 
graphite,  obtained  from  an  ore  mined  in  Vortl> 
em  Michigan.  This,  with  other  ingredients, 
is  Incorporated  with  linseed  oil  Into  a  homo* 
geneous  substance  which  has  been  found  to  be 
remarkably  successful  as  a  coating  for  pre- 
serving structural  metal  work  from  corroiri^on 
under  extremely  Severe  conditions  uid  for  long 
periods  of  time. 


HOISTING    BUCKETS.    COAL    AND  ORE 

HANDLING  MACRINERY,  ETC. — G.  L. 
SiuelHiir  Iron  Works.  12th  Street  and 
Vernon  Avenue,  Long  Island  City,  N.  Y. 
Catalog  No.  553.  Paper;  6^  x  9%  Ins.; 
1S6  pages,  Illustrated. 

Tills  Is  a  pf'tieral  catalog  of  machinery  for 
handling  heavy  or  bulky  materials,  and  com- 
prises deserlpttotts  and  price-lists  of  ooal»hand> 


ling  machinery;  self-dumping  and  self-rlffht'- 

ing  coal  and  ore  buckets;  side,  end  and  bot- 
tom dumping  cars;  track  with  curves,  switches 
and  turntables  for  Indnstrial  railways;  valves 
and  .screens  for  coat  pockets,  coal  chutes, 
charging  cars,  etc.  A  recent  addition  to  this 
tine  Is  the  "Excelsior**  bottom  dumping  bucket, 
having  a  tilting  bottom  dumping  device,  by 
means  of  which  its  contents  are  deposited  in  a 
circular  pile  without  scattering  any  portion  of 
the  charge.  This  bucliet  Ig  strongly  built  and 
its  durability  combined  with  quick  and  clean 
discharge,  has  been  instrumental  la  creatine 

a  demand  that  ha.s  taxed  the  plant  tO  ttS  CS* 
pacity  during  the  past  year. 


ELECTRIC  ROCK  DRILLS.— Box  Electric 
Drill  Co.,  115  Broadway,  New  York  City. 
Bulletin  No.  201.  Paper;  6x9  Ins.;  S 
pages;  illustrated. 

The  economy  of  operating  a  rock  drill  actxi- 
ated  by  an  electric  motor  over  one  in  which 
compressed  air  is  used  is  well  known,  but  one- 
seventh  of  the  power  required  for  the  latter 
being  needed  to  drive  an  electric  drill  of  the 
same  else.  The  severe  conditions  of  rock 
work,  however,  have  in  the  past  entailed  such 
large  expenses  for  repairs  that  the  economy  of 
this  type  hss  been  more  than  neutralised  hy 

them.  Recent  Improvements  in  the  Box  drill 
are  claimed  by  the  makers  to  have  eliminated 
certain  nnsatlsfnetory  featarea  which  rendered 
former  tyjieH  unduly  expensive  In  upkeep,  so 
that  it  now  can  be  said  to  surpass  any  similar 
device  in  the  matters  of  effldeney  and  low  cost 
of  maintenance.  Two  sizes  are  listed,  the 
smaller  reaulring  1  HP.  to  operate  and  drill- 
ing holes  from  %  io  l\k  Ins.  In  dlnmeter,  uid 
the  larger,  requiring  2  HP.  for  drilling  1% 
to  2% -in.  holes. 


RIGID  TURRET  LATHE. — Nlles-Bement- 
Pond  Co.,  New  York.  Paper;  9x6  ins.; 
pp.  44;  Illustrated. 

This  catalogue  describes  the  Pond  rigid  tur- 
ret lathe,  which  is  designed  for  producing 
work  ordinarily  done  on  large  engioe  lathes. 
On  such  work  as  gear  blanks.  Hy  wke^  gas 
engine  cylinders,  pipe  flanges,  motor  field 
frames,  pulleys,  armature  spiders,  engine  valve 
bonnets,  eooentrles,  i^ston  heads,  globe  valves, 
etc  ,  it  Is  claimed  that  its  use  results  In  an 
increased  production  of  60  to  1S0%  over  that 
yielded  by  ordinary  engine  lathes.  It  is  also 
adapted  for  heavy  bar  work,  such  as  wrist 
pins,  projectiles,  etc.  Two  sizes,  21-in.  and 
28-ln..  are  r^ularly  hnllt. 
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STANDARDIZED  ROLLER-BEARING  BUSH- 
INGS.— Hyatt  Roller  Bearing  Co..  New- 
ark, N.  J.  Bulletin  No.  31.  Paper;  6  x 
9  Ini.;  S4  pages  llluatrated. 

The  Hyatt  flexible  roller  bearingrs  have  been 
on  tbe  market  tor  ten  or  more  yeari  and  their 
adaptablUty  to  the  requirements  of  maohtne 
constructors  and  mill  engineers  ha;s  I  r  >ught 
them  into  extended  use.  The  mauuiacturers 
have  just  complotod  arrangemefnts  for  supply- 
iiiK  standard  bushings  covering  a  wide  range 
Of  speeds  and  loads  at  prices  which  were  hlth- 
orto  Impossible  ezc^t  to  enstotnera  ordering 
in  large  quantities.  This  bulletin  lists  some 
300  sizes  tor  shafts  varirlng  from  1  in.  to  3  Ins. 
Ill  dtametm*.  and  bj  even  indies  In  length. 
Each  size  has  a  capacity  In  pound-revolutions, 
by  means  of  which  Its  safe  load  at  any  desired 
speed  may  be  determined  (within  its  range 
of  speed )  and  its  safe  speed  tor  anjr  glTon  losd 
not  exceeding  the  maximum. 


PBNCINO.     RAIUN08    AND  BNTRANCB 

GATES. — F.  E.  Carpenter  Co.,  7-9  Warren 
Street,  New  York  City.  Catalogue  No. 
79.  Paper;  7x9  Ins.;  66  pages;  illus- 
trated. 

This  catalog  describes  the  line  of  manufao- 

tures  of  the  company,  embracing  fencing  for 
parks,  cemeteries,  private  estates,  game  pre- 
serves, race  tracks,  factories,  public  buildings, 
tennis  court  enclosures,  etc.  The  oompaar 
also  manufactures  ornamental  Iron  work  for 
buildings,  office  railings  and  other  endosuree 
of  wire  and  Iron,  and  will  either  figure  from 
architects'  designs  for  this  class  of  work,  or 
furnish  original  designs,  as  desired. 


DIESEL  OIL  ENGINE. — American  Diesel  En- 
gine Co.,  11  Broadway,  New  York  City. 
Paper;  10  x  8  ins.;  72  pages;  illustrated. 

This  catalog  describes  a  heat  engine  ope- 
rating on  crude  petroleum  oil,  which  is  stated 
to  bave  double  the  economy  of  the  best  trlple- 
expanalon  steam  engine,  and  50%  greater 
economy  than  the  most  efficient  gas  engine.  In 
this  engine  air  Is  drawn  Into  tbe  cgrlinder  dnr* 
ing  one  stroke,  and  compressed  on  the  return 
stroke  to  a  pressure  of  &00  lbs.  per  sq.  in. 
Oil  and  compressed  sir  at  a  pressure  of  .SOO 
lbs.  per  sq.  In.  are  then  Injected  during  about 
one-tenth  of  the  third  stroke.  The  air  com- 
pressed to  600  lbs.  pressure  on  tbe  second 
stroke  Is  practically  red  hot  and  Ignites  the  In- 
jected oil  vapor  which  expands  and  produces 
the  power.  The  burnt  gases  sre  eKhausted  on 
the  fourth  stro^ce.  The  compressed  air  Is  fur- 
nished by  a  separate  two-stage  compressor. 


Sizes  are  made  from  12  to  450  HP.,  and  a 
Teo-HP.  t.nlt  is  now  under  oonstmction.  The 

results  of  nvimrro-is  teste  of  engines  of  various 
sizes  using  different  grades  of  oil  are  given. 


MECHANICAL  STOKERS.— Lenhcr  Engineer- 
ing Co..  39  Cortlandt  Street,  New  York 
City.  Paper;  10  x  7  Ins.;  28  pages;  il- 
lustrated. 

This  catalog  describes  the  construction  and 

operation  of  the  Taylor  gravity  under-fcod 
stoker,  which  Is  claimed  to  embody  all  of  the 
advantages  possessed  by  both  the  over-feed 
and  under-feed  types,  wltbout  their  di  sad  van- 
tages,  and  In  addition  to  accomplish  the  follow- 
ing results:  Proportioning  of  the  air  and  coal 
so  that  the  ratio  remains  constant  at  all  rates 
of  combTTBtlon;  operation  at  one-half  the  rating 
at  which  any  other  stoker  now  made  operates 
when  burning  tbe  same  amount  of  coal  per 
boiler  per  hour;  the  burning  of  double  the 
amount  of  coal  per  boiler  per  hour  burned  by 
any  otber  stoker;  sad  opwmttoa  absoluteijr 
without  tbe  production  of  smoke,  even  vlwn 
forced. 


INTERCilAXGEABLE  STEEL  MOLDS  FOR 
CONCRETE  HOUSE  CONSTRUCTION. — 
The  American  Monolith  Co.,  15  Whitehall 
Street,  New  York  Clt7.  Pnper;  4%  z  8 
Ins.;  82  pages;  illustimted. 

Tbls  pamphlet  gives  particulars  oonoenilnc 

a  number  of  patented  devices  for  use  In  the 
molding  of  concrete  houses,  which  include  in- 
terchangeable molds  tor  entire  houses  con- 
structed on  the  unit  plan,  of  sheet  steel,  which 
can  be  put  up  in  a  few  hours,  including  the 
assembling  of  the  steel  relnforeliig  reds,  allow^ 
Ing  the  whole  shell  of  the  house  to  be  poured, 
a  story  at  a  time:  a  special  machine  for  auto- 
matically mixing  the  concrete;  and  »  con- 
veyor which  carries  the  mixed  concrete  auto- 
matically into  the  molds  in  an  expeditious  man- 
ner and  at  a  goTemable  speed.  Territorial 
rights  to  use  these  devicss  an  being  granted 
by  the  company. 


MINERAL  WOOL.— United  States  Mineral 
Wool  Co.,  140  Cedar  Street,  New  York 
City.  Paper;  6H  x  7  Ins.;  24  pagss;  Il- 
lustrated. 

Tbls  pamphlet  describes  the  architectural 
uses  of  mineral  wool,  a  soft,  pliant  and  in- 
elastic flbroua  substance  manufactured  from 
scoria  and  certain  rocks  when  in  a  molten  con- 
dition. Tt  Is  stated  to  be  superior  to  any 
other  material  as  a  non-conductor  of  heat,  and 
for  this  reason  is  widely  used  in  the  lining  of 
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the  walls  of  detached  frame  houses  between 
the  studding,  making  a  warmer  dw^'!!in!T  lu 
printer  and  a  cooler  one  in  the  summer  munibs. 
It  Is  also  need  for  wrapidBc  water  plpee  to 
protpr*  thorn  against  freezing,  and  In  partitions 
and  iloors  of  buildings  for  deadening  sound. 
Aa  It  la  aoa<eombnatlbIe,  Its  use  as  a  protection 
against  fire  is  of  great  value  when  propprly 
applied.  Details  of  its  use  and  testimonials 
from  those  who  have  employed  It  for  various 
purposea  are  gtven. 


UOiSTLNG  DRUM. — The  iiayward  Company, 
97-103  Cedar  Street.  New  York  City. 
Paper;  6)^  x  8)4  Ins.;  16  pagea;  Ulua- 
trated. 

This  circular  describes  the  "Two-ln-One" 
hoisting  drum  manufacturorl  by  this  company, 
which,  as  Its  name  implies,  cousiHta  uf  two 
dnuna  mounted  on  the  same  bed-plate,  and 
acting  an  one  drum.  By  i»s  use  a  single-drum 
engine  can  bu  made  to  operate  a  double-chain 
automatic  bucket,  or  a  double-dnun  engine  to 
operate  u  douhle-chaln  automatic  burkpt  and 
taiav  or  lower  the  boom  at  the  same  time.  It 
can  be  used  on  dredges,  excavators,  guy  and 
stiff-leK  derricks,  loromntivr  rranos:  In  fact, 
on  almost  every  style  of  machine  capable  of 
operating  an  automatic  bucket.  The  cost  la 
said  to  bo  considerably  less  than  that  of  an 
additional  drum.  • 


PLANK  HOLDERS  FOR  CONCRETK  FOKMS. 
— Thomas  C.  Farroll.  Washington.  .N.  J. 
Paper;  4%  x  8  ins.:  -iO  imKOs;  iUustraied. 

This  catalog  deacribes  Far  re  11  s  patent  malle- 
able Iron  plank  holders  for  Joining  and  clamp- 
ing the  retaining  planks  of  flat  surfacrs  fat  all 
angles),  thus  forming  a  movable  concrete 
builders'  mould  suitable  for  use  In  alt  kinds 
of  plain  or  rrin forced-concrete  monolithic  con- 
struction. Illustrations  are  given  showing  its 
use  In  the  walls  and  columns  of  buildings,  re- 
talni?-::  ■(vnlls.  fr-nri-  posts,  chimneys,  tanks, 
bins  and  other  curved  work,  buttress^,  etc. 
The  devices  are  easily  applied  and  their  use, 
according  to  the  mannf-n  'turer,  will  result  in 
much  saving  of  time  and  money  in  noucrete 
construction. 


THERMIT  IN  REPAIR  WORK.— Goldschmldt 
Thermit  Co.,  90  West  St..  New  York. 
Ki.  V  i>ie  cloth;  6x7  Ins.;  82  pages;  lUus- 

ti-.'.tt'd. 

Thermit  Is  a  mixture  of  finely  divided  alumi- 
num and  Iron  oxide.   When  Ignited  In  one 


spot,  the  combustion  so  started  oonttnuea 
thruughout  the  entire  mass  and  produoea 
bui>urbeated  liquid  steel  of  so  high  a  tempera- 
ture F.)  that  when  It  la  poured  around 
broken  parts  of  machinery  which  it  is  desired 
to  unite,  it  dissolves  the  metal  with  which  It 
eomea  In  contact  and  amalgamates  with  It  to 
form  a  single  homogeneous  mass  when  cooled. 
This  pamphlet  gives  explicit  instructions  for 
the  use  of  Thermit  in  repairing  looomottv* 
frames  and  drlvcr.s,  connecting  rods,  electric 
motor  cases,  flaws  in  castings,  etc.  A  prlce- 
Uat  of  niwmlt,  the  Ignition  powder  used,  wax, 
flre  brick  molds,  and  erudblea  Is  api^dod. 


BNQINEEKINT,  DESIGN  AND  SUPERVISION. 

— Frank  Sutton,  E.  E.,  Consulting  Engl- 

11'  rr,  ;)l-33  Wall  Street,  New  York  City. 
Booklet.    Paper;  3      x  6  Ins.;  12  pages. 

In  this  booklet  is  given  an  extensive  list  of 
engineering  work  designed  and  aupervlsed  by 

Mr.  Sutton  during  the  past  few  years.  This 
list  covers  a  wide  range,  embracing  electric 
lighting,  power  and  transmission  work:  steam 
power  plants;  mechanical  equipment  of  build- 
ings; sanitary  and  sewage  dispoeal  work; 
water  supply;  sprinkler  and  Dre  protection  eya- 
tenis;  mill  construction,  etc.  Mr.  Sutton  also 
undertakes  the  making  of  examinations  and 
reports  on  plants  with  suggestions  for  im- 
proving and  bringing  them  up  to  date,  as  well 
as  the  furnishing  of  estimates  of  the  cost  of 
complete  factory  buildings,  with  their  eauip* 
ments. 


LIQUID  ASPHALT— DUSTLESS  ROADWAYS. 
— Indian  Refining  Co.,  115  Broadway, 
New  York ;  folder;  4  X  10  Ins.;  10  pagea; 
illustrated. 

This  circular  describes  a  manufactured  prod- 
uct containing  757c  asphalt  in  solution,  ab- 
solutely free  from  parafflne  and  sulphur,  and 
without  the  odor  and  other  objectionable  feat- 
ures of  crude  oil.  When  applied  to  properly 
prepared  and  crowned  roadways  Liquid  As- 
phalt Is  said  to  provide  a  smooth,  plastic  wear- 
ing surface  which  protects  the  body  of  the  road 
from  the  destructive  eftects  of  heavy  rains  and 
automobile  traffic,  provides  a  snrfaoe  upon 
which  the  wheels  will  not  skid,  and  tberebr 
renders  the  use  of  chain  tires  unnecessary.  A 
saving  of  at  least  50%  of  the  cost  of  maln- 
tonanc  (an  eonaeauently  be  eSaeted  by  ita 
use.  The  company  has  a  large  equipment  of 
special  machiner>-  and  is  prepared  to  make  con- 
tracts for  the  treating  of  ttreeta  and  roadways. 


JUSM.  1906. 
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This  Index  Is  intended  to  cover  the  field  of 
tedwtcal  IttmratiiM  In  «  maanw  Out  will 
make  It  of  the  greatpst  use  to  the  greatest 
nnmber — that  1«,  It  will  endeavor  to  list  all  the 
utielw  and  emnmsnt  of  twduilcal  valM  ap- 
pearing in  current  periodicals.  Its  arrange- 
ment has  been  made  with  the  view  to  ita 
adaptaUlltf  for  a  eard-ladcat,  wbtdi  onglaooni, 
architects  and  other  technical  men  are  grad- 
nalljr  coming  to  consider  as  an  indispensable 
adjvnct  of  their  offlooa.  . 

Bach  item  gives: 

1.  Full  title  and  author. 

2.  Name  and  date  ot  publication. 
8.  An  estimate  of  length  of  article. 

4.  A  short  descriptive  note  regarding  the 
■cope  of  the  article — where  considered  necee- 
aarr. 

5.  Prioa  at  wlilcb  «a  ean  attpply  oanront  ar^ 

tides. 


The  Publishers  do  not  carry  oopiee  ot  any 
of  these  arUcles  in  atodi.  bat.  If  daatrad.  will 
supply  copies  of  the  periodical  containing  the 
article  at  th«  prices  mentioned.  Any  premium 
asked  for  Ottt«f-data  ooplaa  mmt  bo  addod  to 
tUa  prloa. 

The  principal  Journals  in  the  various  fields 
ot  technical  work  are  shown  in  the  accompaay- 
Ing  list,  and  aasUy  undoratood  abbrerlatloao 
ot  thaso  namaa  ara  uaad  In  tba  iBdoiL 

The  Editor  cordially  invites  criticisms  and 
Busgeatlons  whoreby  the  valao  and  uaofalnaia 
of  Oio  Indox  «an  be  extended. 

In  order  to  comply  with  the  many  sugges 
tiona  and  requests  of  readers  who  desire  to 
make  practical  use  of  this  Index.  It  Is  priniad 

on  one  aide  of  the  sheet  only,  to  ptmH  IhO 
clipping  of  any  desired  Items. 
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An  in^  «avd  Oidar  thi*  hMding  eosU  $2.50  a  mon  o 

American  fiaiidcrs  Review 

A  IdviMtl  DmM  to  tlM  AnIUtMta,  OoatrHton.  Bn- 
glBMn       Bultderi  of  the  Pftclflc  Coast. 

MUM*                         In   tha  D    S  _Othar  OauntriM.   tA  flft. 

flBfl*  eoplM*  80  enta. 
•tt  atorram  Bt.  IAN  nANCUOO,  OAL. 

Tbe  ladustrtal  Magazine 

A   Monthly   Macaxino  on   Induitrlal   Knclneerlns  lor 

naito  cDviM  20  «attti.                    Om  fmi  ftM. 

n  Baft  Bmr.  MIW  TOHS. 

The  Caoadian  Manicipal  Journal 

Official  Organ  of  th«  Dommton  toil  ProTlnclal  Unloni  of 
MunlclpallttM. 

RMcIko*  til*  otrteen  of  RVBRY  muolclpalltr  In  Canad*. 
MMtUy,  WM  dollar  per  year:  tea  cent<i  per  copy. 
Room  29,  AlUanc*  BaUdlnc. 

MOMTRIAU  CANADA. 

The  Iron  Age 

A  jonnial  of  Ui*  tron,  8t««i,  Mat^  Maclblawy  aai 
Hardwara  Tradaa. 

Subacripiloc  Price.  $5.00  par  year  In  tha  Ualtad  Stataa 

MIQ  JftCKJOv*  ft4.iA>  lu   all  OIQSr  COUuUlMa     JIiImIT  OTwWB 

to  emia. 

DAVID  WILiUAMB  CO.. 

IMO  PMk  Ptaoi,  NBW  TWK. 

Compreued  Air 

Monthlr.  dcTOted  to  Uio  Uieorr  and  practlc*  of  oom- 
BFMMd  air,  poeumatie  totim,  utr  QOmprMsor  dMlcn.  air 
Uft  pumping,  tunoaHnir,  K«  oeavraoo.  etc 

10b.  p«r  copy-                                 fl.OO  p«r  tmt. 

TubllshKl  by 

THB  COMPRBSSSD  AIR  MAOAZINS  CO., 

Bmrtlas  OiMn  BUft,  HIW  YORK  Cttt, 

Mining  Science 

A  c4>iuol><l«tiea  of  Ore*  mnd  Metala  and  Mioiag  Reportar 

A  WMktr  Jflvnal  Dmo'cd  to  Mlalag;  MMaUuff  anA 
EBslaocrliis. 

■■■■■■  ■  ■  ■  •"^B" 

18.00 a  ywtf.  lOflaataaaasf. 

SBNTBR,  COLa 

Electric  Raflway  Review 

B««t  edited,  most  up-t»-dato  and  npldlr-crowlns  Jour- 
sal  In  tb«  tractloD  field.   PuttUikca  •vtfT  tetuiday.  J)o> 
Boatlc.  $2.00;  Canada.  (S.Mi  Otttr  tonlcB  mmMm. 
HMi  ■liigto  «e9l«s.  10  eaata. 

THB  WILSON  TOMPANT. 
iMBamann       Ch'.rhgit.        150  Naaaau  St,  N««  Tork. 
wuiiamaon  Bids.,  ClOTtland,  O. 

iioficmiv  Ji^o 

Trvatf  of  C!!fi  and  It*  appttcatloD  to  dom^stte  ud 
dustrUl  opereLlona.     SnbscrlpUoa  13.     Speclutan  eopT. 
20  i^Hilg, 

280  Broadway.  NSW  TOKX. 

Engfneering^CMitnctiiif 

A  WMkiy  Jmuaal  far  Ctvn  Waglamn  maA  Owtnaton; 
vllh  wftM  to  teaorpoMM 

KNOINKFrRIN'O  WORLD  and  CONTRACT  NBWB. 
KtUbilalied  1691— Erery  Wadnaodaf— ^  a  Tear. 
SlD<l«  copiai  10  ceata. 

W8  Dearborn  St..  CHICAGO,  ILL- 

The  Railway  Age 

Loader  and  ackuowledsed  antbortty  la  all  ttaam  rail* 
way  aaattoro.    PubUahad  ovary  Prtdij:  «v«r  IUO0O  tafaa 
a  raar.    OMnaatia.  U.00:  Canada.  PIM;  «(Mr  tmum^ 
cooalcta^  98.00:  alncla  eoplea,  10  oanta. 

THB  WILSON  COMPANT, 
UO  HaRlMB  Bt^Cnioaco.      IDO  Naaaan  8L,  IMV  TSIL 
ISSO  'mitiaowoa  BMc..  Ctoralaad,  Q. 

EogiteriBt  Newt 

A  Jaonal  •(  OMl.  Meebanleal.  Mlatav  and  WMUteH 
Bnalaaarlnc. 

Waafelr,  IS-00  p«r  T^r:  ainslo  eoplea,  IS  aaali. 
Pabllibed  erery  Thunnlay  by 

TU£  BlSOINEKRINa  NKWS  PUBU8HINO  CO.. 

S90  Broadway.  NSW  TORK. 

For  Roadraaatara  aad  Poramen,  Wllglaiiri  ant 
lotendenu  of  MaiaUoano*  of  Way.  fipKtalHNasli  ant 
Foremen  of  Bridsea  and  Buildlnga. 

Monthly,  $1.00  per  year;  atncla  eopiai,  10  awto. 

.'J?  np«Thrjrr.  ?;L,   CHICAGO,  IXXa, 

will  find  kt  to  their  advantage 
to  havo  a  one-inch  card  on  this 
page,  oppooite  the  list  of  Peri* 
odicalt  Indexed.    .   •   .  . 
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Acetylene  Journal. 

American  Architect  and  Dulldiiig  ^iew8. 

A  nicr'it'.'iii  Art:Ban, 

Americau  Buildera'  Review, — See  Adv.  oppo- 
site. 

American  Carpenter  *  Balld«r. 
American  Englaaw  Mid  H.  R.  Jonimt. 
AnorlcAn  Bxportor. 
American  Obb  Light  JournaL 

American  Ir.clustrles. 

American  luveuLor. 

American  Journal  of  flfUfM^, 

American  Machinist. 

American  Shipbuilder. 

Architect  &  Engineer  of  California. 

Architectural  Art. 

Architectural  Record, 

Architectural  Review. 

▲rchitocta'  aad  BuUdeia'  Mag. 

ArdiltaeCiire. 

Autnraoblle. 

Uuiier  Maker. 

Brass  World. 

Brick. 

Bulletin  Am.  Iron  &  Steel  Aau. 
Bulletin  of  Dept.  of  Labor. 
Bulletin  Univ.  of  Kaneas. 
Bulletin  UniT.  of  WiacoiMla. 
CaUfbrala  Jounial  of  TMlmology. 
Canadian  Architect  and  Builder. 
Canadian  Cement  &  Concrete  Review. 
Canadian  Electrical  Nowt. 
Canadian  Engineer. 

Canadian  Machinery  &  IfMMltMitllrtiif  NOWI. 

Canadian  Manufacturer. 
Canadian  Mining  Journal. 
Canadian  Municipal  Journal. — See  Adv.  oppo- 
site. 

CarpentiT  and  Bulldlns. 
Casaier'e  Hagatlno. 

Cement. 

Cement  Age 

Cement  and  Engineering  News. 

Cement  Era. 

Central  Station. 

Chemical  Engineer 

Cold  Storage  and  Ice  Trade  Journal. 

Commercial  America. 

Compreaaed  Air. — See  AdT.  oppotito. 

Concrete. 

Ooncreto  Ask 

Ooneiwlt  BnclneerfBS. 

Gontmetor. 

Cornell  CItII  Engineer. 

Dally  Consular  and  Trade  ROpoiti. 

Domestic  Engineering. 

Economic  Ofologj, 

Electrical  Age. 

Electrical  Review. 

Electric  Journal. 

Electric  Railway  Rerieir^-  9m  Adr.  oppoitte. 

Electrical  World. 

Electric  Traction  Weeklj. 

Blectroehemlcal  and  Metnllnrgleal  Industry- 

Bnglneertng-ContracttnK.—4ao  Adv.  opposito. 

Engineering  and  Mining  Joonnl* 

Engineering  Magazine. 

Bnglneering  News. — Soo  AAv.  oppoaltOb 

Bnglneering  Record. 


Factory. 

Far  Eastern  Review. 

Fire  and  Water  Engineerins. 

For^try  and  Irrigation. 

Foundry. 

Gas  Engine.  * 
Gas  Power. 

Glass  and  Pottery  World. 
Hardware. 

UeaUng  and  Ventilating  llagaalnai 
Hotielew  Ago. 

IGO  and  Refrigeration. 
Illuminating  Engineer. 

Implement  Age, 

Industrial  Ma^^a^ine. — See  Adv.  opposite. 
Industrial  World. 
Inland  Architect. 
Insurance  Engineering. 
International  Marine  Engineering. 
Iron  Age. — See  Adv.  oppoalta. 
Iron  Trade  Review. 
Irrigation  Age. 

Journal  of  Blectrlcltar*  Powor  and  Oaa. 

Journal  of  U.  B.  Artlltory. 

Journal  of  Worcoater  Polytedmle  Inatftiitt 

Machinery. 
Marine  Review. 
Metal  Industry. 

Metal  Worker,  Plumber  and  Btaaw  nttar. 

Mines  and  MlueraiB. 

Mines  and  Mining. 

Mining  and  Scientlflc  Prei*. 

Mining  Science. 

Mining  World. 

Modern  Maclilnei7. 

Moody'a  If agaibM. 

Motor. 

Motor  Afire. 

Motor  Boat. 

Motor  Car. 

Municipal  Engineering. 

Municipal  Journal  and  BSmtaMtr. 

Paper  Trade  Journal. 

Plumber's  Trade  JoumaL 

Popular  Mechanics. 

Popular  Science  Monttlf. 

Power  and  The  Bnglneer. 

Power  and  Tranamlialain. 

Power  Wagon. 

Printers*  Ink. 

Profitable  Advertising. 

Progressive  Age. — See  Adv.  opposite. 

Railroad  Gazette. 

Railway  Ace  —  R'^'h   Adv.  opposite. 

Railway  and  Locomotive  Engineering. 

Railway  and  Marine  World. 

Railway  Bnglneering. 

Rallwar  Matter  MoebaBle. 

Roadmaster  and  Foreman. — See  Adr.  oppetftik 

Rock  Products. 

Rose  Technic. 

Scientific  American. 

Scientific  American  BvppltliMBt. 

Selling  Magazine. 

fltbler  Journal  of  Snglneerlng. 

Sonthern  Machinery. 

Stevens  Institute  Indicator. 

Stone. 

Street  Railway  Journal. 
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Technical  World  MagrasllMi 
Technoio^  Quarterly. 
Textile  Manofhetwrer't  JminMl. 
TradeMoan. 


PRINCIPAL 
(m.)  LoiKloiD. 


London. 


Asriovltiiral  Chronicle. 
Architect,    (w.)  London. 
Architects'  Magazine,  (m.) 
Architectural  Re  it  w  (jb,) 

Autocar,    (m.)  London. 
Automobile  Jrjurna!      (m  )  LODdOD. 

AutoELotor  Journal,     (w.)  Ix)adon. 
Board  of  Trade  Journal,    (w.)  LoadOO. 
British  Architect,     (m.)  London. 
British  Clay  Worker,    (m.)  London. 
British  Trade  fievleir.    (m.)  London. 
Builder,    (w.)  London. 
Building  Indastiies.    (w.)  Olaagow. 
Civil  Engineering,    (w.)  London. 
Cold  Storago      rm  )  London. 
Colliery  Ouanilan.     (w.)  London. 
Commercial  Motor,     (w.)  London. 
Cmicrete  &  Constr.  Engg.  (b-m.)  London, 
Contract  Journal.     (w.)  London. 
Electrical  Engineer,    (w.)  London. 
Electrical  Engineering,    (w.)  London. 
Biactrlcal  MagMlne.    (m.)  London. 
Blectrieel  Proswe.    (m.)  London. 
Bleetficnl  Review,  (w.) 
Bleetrtden.    (w.)  London. 
Electricity,     (w. )  London, 
Engineer,     (w.)  London. 
Engineering,     (w.)  London 
Engineering  Review,  (m.) 
Engineering  Times,  (w.) 
Engineering  World,  (w.) 
Engineers'  Gazette,  (m.) 
English  Mechanic,     (w. ) 
Oas  and  Oil  Power,  (m.) 
Om  Bni^lneerB'  Magnilne. 
Hardware  Maeulne.  (m.) 
Implomeot  and  Machinery 
iron  and  Coal  Trades  Review,  (w.)  London 
Iron  end  Steel  Trndee  Journal,  (w.)  London 


Ix)ndon. 
London. 
London. 
London. 
London, 

London, 
(m.)  London. 
London. 

Rev.   f  m  )  T.nnrlnn. 


Waterproofing  and  Flreprooling. 
Western  Electrician. 

Wood  Craft  * 
Wood  Worker. 
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mmmonser.    (w.)  London. 

Ironmongers'  Chronicle,   (w.)  London. 
Journal  of  Oas  Lighting,    (w.)  London. 
Journal  of  Sn<  !t.t  v  of  Arts,     (w  i  l>ondoa. 
Locomotive  MaKazlne.     (m.)  London. 
Marino  EQF^rliioer.     (m.)  London. 
Mariner.     (in.)  London. 
Mechanical  Engineer.     (w.)  Manchester. 
Mechanical  World,    (w.)  Manchester. 
Mining  Engineering,    (m.)  London. 
Mining  Journal,    (w.)  London. 
Mtnltts  World,    (w.)  London. 
Motor,    (w.)  London. 
Motor  Boat,    (w.)  London. 
Motor  Car  Journal,     (w.)  London. 
Motoring  Illustrated.     (ni.)  London. 
M  in;'!  pal  .lournal.     (w. )  LondOn. 
Nature,    (w.)  London. 
Oil  Trades  Gazette.     (m.)  London. 
Page's  Weekly,    (w.)  London. 
Paper  Matter,    (m.)  London. 
Paper  Making,    (m.)  London. 
Petrolettm  World,    (m.)  London. 
Practical  Engineer,    (w.)  London. 
Public  Works,    (q.)  London. 
Q  irvrry.     fm.)  Ix^ndon. 
Riillway  Knplnoer.     (m.)  London. 
Rail  >v a f ; a ze tt e .     ( w . )  London. 
Railway  Magazine,    (m.)  London. 
Railway  Tlmei.    (w.)  London. 
Sclenee  Abetradte.    (m.)    London.  - 
Sens*  Conunerclal  Adyerttaer.  (w.)  London. 
Surveyor,     (w.)  Lon^nn. 
Textile  Journal,     im.)  Londoa 
Timber  Trades  Journal,     (m.)  London. 
Times  Engineering  Supplement,  (w.)  London. 
Tramway  and  Railway  World,  (m.)  London. 
Water.  <m.) 


PRINCIPAL  FRENCH, 


GERMAN  AND 
(m.).  Paris. 
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(w.) 


Annalee  dee  Ponti  «t 
Beton  vnd  Blaen.    (q.)  Vienna. 

Betonzeltunp.     ( "  n  i    TTalle  a/B. 
Cemento.     (ni.)  .Uiiau. 
Comptea  Bendne  de  I'Aead.  dee  Sdeneen. 
Paris. 

Deutsche  Bauzeltung.     (b-w.)  Berlin. 
Dingler's  .Polytechnic  Journal,  (w.)  Berlin. 
Riscnbahntecbnische  Zeitschr.  (b-m.)  Berlin, 
mectriden.    (w.)  Paris. 
Btektrische  Kraftt>etrl«be  und  Babnen.  (w.) 
Berlin. 

aiektroctaenlMhe  Zeltscbrlft    (m.)  Berlin, 
■lektrotecbnlk  and  Maachlaenbau.  (w.)  Vi- 
enna. 

Riektrotechnische  Zeltscbrlft.  (▼•)  Berlin. 
Eleltricitfi.     (w.)  Milan. 
0«nle  Civil,     (w.)  Paris. 
Qesundbelts-Ingeniettr.    (s-m.)  Munich. 
Industrie  Blectrlque.    (••m.)  Paris. 
Ingenlerla.    (s-m.)    Bnenos  Aires. 
IngMilenr.   (w.)  Hague. 
Journal  f.  Gasbeleuebtvng.    (w.)  Berlin. 
MItallnrgie.    (w.)    ~  * 


Mlnero  Meticano.    (w.)  Meiico. 
Mois  Beientlllquo.    (m.)  Pnria 
Organ  f.  d.  FortsfOirltte  des  Slsenbalini 

<m.)  Wiesbaden. 

Revlsta  d.  Obras  Pub.     (w.)  Madrid. 
RevlBta  Tech.  Indus.     (m.)  Barrelona, 
Revue  de  M^canique.   (m.)  Pari.^ 
Revue  Q6n.  dea  Chemins  dp  rn    (m.)  Paris. 
Rerue  G6n.  des  Sciences,  i.  ^  }  Paris. 
Berue  Induatrlelle.    (w.)  Paris 
Revue  Technique,  (b-m.)  Parle. 
Revlsta  Marlttlma.  (m.)  Rome. 
Scbfffban.    (s-m.)  Berttn. 
SrhwL'Izerische  Bauzoitung.  (w.)  Znrleb. 
Stahl  und  Elsen.  (w.)  DQsseldorf. 
Technique  Sanliaire.  (m.)  Paris. 
2^1tBchrift  (ur  Bauwesen.   (q.)  Berlin. 
ZeltBrhrift  f.  d.  Oesamte  TnrUnenweeon. 
Munich. 

Zeltscbrlft  d.  Oest  Inc.  nnd  Ardi.  Tir. 
Vienna. 

Keftsebrlft  d.  Ver  Deutsdier  Ins.  (w.)  Berlin. 

7v"-:r-hr\n  filr  Elektrochemle.  (w.>  Halle  a/S. 
Zeutralblatt  d.  Bauverwaltung.  (a-w.)  Berllo. 
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Resembling:  Rubber,  It  Is  A 

Preservative 

^  In  Older  to  properly  and  scientifically  protect  a  surbee 
from  corrosion,  decay  or  other  destructive  agent,  as  indie  case 
ci  steeli  iron,  wood  or  concrete,  it  is  necessary  to  cover  or 
treat  the  same  with  a  suhstance  or  liquid  which  is  absolutely 
weather,  water  and  acid  prooL  The  protective  qualities  of 
Carbon  Lampblack  against  water,  oxidation  or  acids  place 
it  in  the  foremost  rank  as  a  pigment.  It  is  greasy  and  in 
a  measure  elastic.  Thiiy  combined  wtfh  odier  carbons, 
forms  die  pigment  for  several  grades  of 

CARBONKOTE 

^  Id  the  manufacture  of  Nubian  Carbonkote,  Linseed 
Oil  and  Chinese  or  Tong  Oil  are  chemically  combined. 
The  conibinaiion  is  more  expensive  than  Linseed,  but  it  pro- 
duces a  quality  ot  paint  unequaled.  One  of  its  peculiarities 
is  in  its  drying  simultaneously  throughout  the  coat.  Linseed 
dries  with  a  thin  skin  on  die  surface,  and  to  din  fault  may  be 
laid  many  failures  <rf  paint. 

^Chmese  Linseed  Varnish  is  particularly  adapted  as  a 
v^ide  for  paint  eiiposed  to  atmospheric  influences,  on  account 
of  hardness,  solidity,  quick  drying,  elasticity  and  water  re- 
pellent properties.  The  addition  of  Linseed  in  die  propor- 
tions employed  in  Carbonkole  imparts  greater  adhesive 
properties  and  does  not  destroy  its  peculiar!^  of  diying  uni- 
formly throughout. 

^  It  costs  you  nothing  to  send  lor  information  on  Carbon- 
kole. We  have  just  received  from  the  printers  our  nev^r 
literature,  which  explains  in  detail  our  paint  and  also  gives 
important  information  on  the  preparation  of  a  surface  to  re- 
ceive paint,  so  that  the  best  possible  results  may  be  obtained. 

Send  fw  Ji 

NUBIAN  PAINT  &  VARNISH  CO. 

40  Park  Row,  NEW  YORK 
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INDEX  TO  ARTICLES 

m 

ARCHITECTURE. 

For  Steel  and  Sein forced  Concrete  Building  Construction,  Foundations,  Masonry,  etc.,  see  "Engineering 
Corutructitm  and  Materials' '  untter  CI  Vlh  ENGINEEUlNQj  for  Heating  and  Ventilation,  see  subdivision 
itimlarly  tntttted  under  MECBANtCAL  BNGINBSSING;  for  Eteetrie  Lighting,  see  "  Lighting" 
nnder  ELECTRICAL  EXGIJiKEJilNG;  for  Elevators,  see  "Hoisting  and  Handling  Machiurr]/" 
wnder  MECHANICAL  ENGINEERING;  for  Plumbing  and  SanitaHont  tee  "Sewerage"  under 
MUNICIPAL  ENGINBERKS&. 


Bttalness  Structures. 

Some  BuBinem  Buildlugs  iu  St.  Louis. 
Wm.  Herbert  Arcli.  Reo. — May.  08.  3 
fl«i,   8200  w.  40e. 


The  Building  of  Cincinnati.  Montgomery 
Schuyler.   Arch.  Bee. — ^May,  08.    31  flgs. 

6000  w.  lOc. 

College  Buildings. 

The  College  of  tbe  City  of  New  York. 


Am.  Arch.- 
30e. 


-May  13.  OS.    22  figs.    6100  w. 


Ecole  des  B««ux-Arts. 

The   Ecole   des   Beaux-Arta:  What  Its 

Archii&( tural  Teaching  Means.  Paul  Cret. 

Arch.  Rec. — May.  08.    3800  w.  40c. 

Warebouses. 

Some  Recent  Warehouses.  Russell  Stur- 
gls.  Arch.  Rec. — ^Hay*  08.  10  flgi.  3400 
w.  40e. 


AUTOMOBILES  AND  AERIAL  NAVIGATION 


Ball  Bearings. 

AtttomoMle  Hub  Ball  Bearings.  Henry 
Heai.  Automobile— Mar.  5,  08.  7  flge. 
2000  tr.  20e.  Paper  read  before  tbe  A>- 
clety  of  Automobile  Eoglaeem. 

CJonimcrcfa!  Motor  Vehicles. 

Commercial  Motor  Vehicles. — T.  Enggr — 
May  1.  08.  .5800  w.  40c.  Abstract  of  a 
report  of  tests  conducted  by  tbe  Royal  Au- 
tomobile Club,  giving  the  Chief  ranilta  of 

the  competitive  trials. 

Foffglngs  for  Autos. 

About  PoTgtegs  for  Automobile  Work. 

Richard  W.  Fink.  Qas  Engine — May,  08. 
1100  w.  20c.  Paper  read  before  the  Society 
of  Automobile  Engineers  at  Boston.  Mar. 

10-11,  08. 

Belic-opter. 

The  Cornu  Helicopter.  Sc.  Am. — May  IG, 
08.  4  flgs.  2100  w.  20c.  Describes  tbe 
experiments  of  M.  Paul  Cornu  on  a  helicop- 
ter. eoMlating  of  two  relatively  large  pro- 
pellers revolved  lu  opposite  directions  and 


arranged  to  blow  downward  upon  two  small 
planes  set  at  an  angle  from  tbe  vertical. 

Motor  Traffic  as  AfTrrting  Mnnicipalifies. 

Motor  TrafTlc  as  It  .\ffect8  .Municipalities. 
— I.  A.  K.  Jackson.  Surveyor — April  10,  OS. 
4200  w.  lOc.  Paper  read  before  tbe  Man- 
chester Association  of  Students  of  the  Inatl- 

tutlon  of  Civil  Engineers. 

Slx-Cjlludcr  Automobile.  Advantjiges  of. 

The  Sl-x-Cyllnder  Automobile.  Herbert 
Zi.  Towle.  Case  Mag — ^May,  08.  16  figs. 
2.600  w.  40e.  Seta  forth  the  advaatscss 
a  6-cylInder  motor  posteeies  over  motors 
with  a  lesser  number. 


The  Caterpillar  Tractor.  Sc  Am — May  16, 
08.  4  ilgs.  1.40U  w.  20c.  Describes  a 
new  type  of  tractor  havinR  a  series  of  feet 
disposed  along  the  periphery  of  two  heavy 
side  chains  passing  over  fore  and  aft  whi  <  Is 
As  this  chain  revolves  the  feet  are  success- 
ively brought  into  contact  with  the  ground 
thereby  Impelling  the  machine  forward  or 
backward. 


aVIL  ENGINEERING 


BRIDGES. 

Bascule  Bridge. 

r!:i  M  ilp  Bridge  of  the  Rail  Typo  at  Peoria, 
in.  Eut;  Rec— May  9.  08.  8  lies.  2.200  w. 
20c.  Describes  a  deck  strucuire  with  two 
movable  idatforms  each  12  £t.  wide  and  83  "4 
ft.  long,  which,  when  the  bridge  is  in  s.-rv- 
ice.  form  cantilevers  located  together  in  the 
center  of  the  channel.  Kach  platform  has 
two  full-length  plate  girdera  forming  cftn- 


tilevcrs  fulcrumed  and  pivoted  on  tbe  main 
piers  17  ft.  5  ins.  from  the  extremities  of 
tbe  anchor  arms. 

Brldfie  Constmotion  In  the  V.  8. 

Bridge  Const  ruction  in  the  United  States. 
(Concludfil.  I  F.  Din  kHcn.  Z  V  D  I- -Apr. 
11.  OS,  s  ngs.  o.OOO  w.  60c.  Discussea 
er<<tinL;  (lanee,  replacementa  and  vladuot 
coastructlou. 
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Where  Waterproofing  Is  Not  a  Failure 

PURE  WAX — Applied  by  great  heat  under  contract.  * 
WAXSOL — Colorles<;  ^vn\  solution  for  outside  walls. 
WAXIN — Powder  to  make  concrete  and  stucco  impermeable. 
WAXON— For  iron  work  and  as  inside  damp-proof. 
50LINON — ^Wood_preservative  in  seven  colors. 
UQUID  CONCRETE— To  preventcement  floors  from  "dusting," 
ROOF  CEMENT— For  flashings  and  about  window  frames. 
Two  colors. 

ELASTICA  COATING— For  leaky  roofs.    Two  colors. 

The  above  materials  cover  the  greatest  possible  scope  in  Waterproofing. 
We  condemn  the  promiscuous  sale  of  Waterproofing  materials  under  gfeneral 

instructions.    They  become  Patent  Medicine.    Under  our  system,  ten  years' 
experience  accompanies  each  shipment  and  every  case  handled  separately. 

OUR  BOOKLET  ON  WATERPROOPINO  SENT  ON  RCQLEST 

NATIONAL  WATERPROOFING  &  CLEANING  COMPANY 

ENGINEERS 

Undon  Office^  CttrtM  Howe^  S.  W.  42  EaU  231  St,  NEW  YORK 


ARCHITECTS !  ROOFERS  1  BUILDERS ! 

Get  the  May  Number  of 

WATERPROOFING 

AND  

FIREPROOFING 

Contain* : 

UNIFORM  SPECIFICATIONS  FOR  WATERPROOFING 
STRONG  ARTICLE  ON  SLATE  FOR  ROOFING 
EXPERTS  REPORT  ON  PARKER  BUILDING  COLLAPSE 
Other  articles  of  interest  to  everyone.    June  number  will  be  better  still. 

Costs  only  $1  a  jrear.  Sample  copy  lOe.  Advertisiiig  rates  on  request 

PROOFING  PUBLISHING  CO.,  60  Newberry  BIdg.,  Detroit,  Mich. 
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OoBcvete  Rjr.  BfMge. 

The  Sangamon  River  Bridge.  A.  O.  Cun- 
ninghRD).  Eng  Rec — May  16,  08.  1  fig. 
700  w.  2 Dr.  Describes  a  new  double-track 
concrete  bridge  lately  constructed  by  tbe 
Wabash  R.  R.  over  the  S«ns»iuoii  River, 
Just  east  of  Decatur,  lU. 

Erection. 

Erection  of  Bridges.  Ry  Engr  (LoDd)— 
May,  08.  5  flgs.  2,500  w.  40c.  X — 
River  Dal  Railway  Bridge  la  Sweden  and 

the  Paderno  Viaduct.  Italy. 

Methods  of  Krectlng  a  Steel  Arch  Bridge. 
Eng  Contr  — May  fi,  08.  2  flgs.  2700  w. 
20c.  From  a  paper  by  L.  D.  Rights  entitled 
"The  Erection  of  the  Bellows  Fullij  Arch 
Bridge."  presented  before  the  Am.  Soc.  C.  B. 
on  Apr.  1.  08. 

The  Erection  of  the  Tonawanda,  Pa., 
Bridge.  Eng  Rec — May  2,  08.  3  flgs.  3500 
V.  20e.  Dweribei  the  idacing  of  the  deck- 
girder  epnnt  by  menne  of  »  Pratt  trnss 
traveler. 

Flooring  m  Striagere. 

Flooring  vs.  Stringers.  Louis  Ross.  Eng 
News — Apr.  23.  08.  4  flgs.  6,300  w.  20c. 
Gives  formnlap,  with  derivation,  showing 
the  distribution  of  stresBes  between  the 
•trlngers  and  flooring  of  highway  brMges. 

LatticinK  of  Coluiiins. 

The  Latticing  Requirements  of  Built-up 
Steel  Columns.  (Cont. )  F.  Von  Enipergcr. 
Beton  u  Bleen — ^Apr.  l,  08.  3  figa.  1,500 
w.  Apr.  22,  08.  2  llga.   1.000.  Baeti  |1. 

Manhattan  Bridge. 

Methods  and  Plant  Used  In  Placing  Con- 
crete and  Masonry  for  Brooklyn  Anchorage 
for  .Manhattan  Bridge.  Gustave  Kaufman. 
EngK-Conlr— March  18,  08.  2  flsrs.  4,100 
w.  2<ic.  Abstract  of  a  it.'iiier  read  before 
the  Brooklyn  Engineers'  Club.     May  10, 

The  Towers  of  the  Manhattan  Bridge  over 
the  Bast  River  at  New  York  City.  Eog 
News — ^Apr.  16,  08.  7  llga.   3,400  w.  20c. 

3fasonry  Arch  D*"**!}?!!. 

A  Working  .Hethod  for  .Masimry  Arch  De- 
sign. William  T.  Lyle.  Eug  Itcc— .May  2. 
08.  2  flgs.  1.500  w.  20c.  Gives  a  coaciee 
and  practical  method  for  determining  the 
pressure  on  the  eztrados  In  amount  and  di- 
rection, and  the  trm  location  oC  Um  Ubo  of 
pressure  In  the  arch  ring. 

Pontfxm  DrawbridKe**. 

Pontoon  or  Floating  Drawbrldpies.  Rng 

News  -Apr,    :n,  OS.    10  flgs.    r.,20ii  w.  L'Oc. 

Describes  and  Illustrates  a  considerable  num- 
ber of  such  etruetureo  now  In  use. 

Quebec  BrldK<>.  sircsHcs  in. 

A  Critical  Discussion  of  Certain  Parts  of 
the  Specifications.   Eng  News — ^Apr.  80,  08. 

:^.'.MMi  w.  20c,  Appendix  18.  to  the  report 
of  tlic  Quebec  Bridge  Commission. 


A  Discussion  the  Theory  of  Bnltt-up 
ComprenMm  Uembera.  Bug  News — Apr.  30, 
08.  8,100  w.  20c.  Appendix  IG,  to  the  re- 
port of  the  Quebec  Rrldpe  Commission. 

Appendix  ir>.  Report  of  Royal  Commission 
on  Quebec  Hrid^e.  Eng  Rec — Apr.  18.  08. 
8  flgs.  6,300  w.  20c.  Describes  the  varioua 
experimental  researches  that  have  been  made 
In  connection  with  the  building  of  the  Que- 
bec Bridge  and  during  the  enquiry. 

Test.s  of  Two  Comi>resslon  Chord  Models: 
The  LarRe.st  Coliuiin  TeBls  Ever  .Made.  Eng 
News  Apr.  U.J,  08,  7  flgs.  h,SO(.t  w.  20c. 
Rtoum6  of  Appendix  15  of  the  Quebec  Brid^ 
Commfsston'a  Report.  One  of  the  two  tent 
members  was  tn  Ita  main  pgrt  an  exact  model 
of  the  fatal  Chord  0  of  the  anchor-arm,  while 
the  other  was  similar  differing  only  In  beins 
strengthened  at  those  points  where  the  chief 
Weakness  of  the  Quebec  Bridge  Chords  im 
thought  to  have  been  located. 

The  Wreck  of  the  Quebec  Bridge  and  the 
Stresses  in  the  Bridge.  Eng  News — Apr.  1€, 
08.  2  flgs.  4.400  w.  20c.  A  suniinary  of 
appendices  12  and  11  of  the  Commission's 
report,  describing  the  cause  of  the  collapee 
and  the  stresses  In  the  bridge. 

Typical  Compression  of  Large  Cantilever 
Bridges.    Bug  News — Apr.  30,  08.    6  flgs. 

2.nno  w.  20c.  Appendix  IT  to  the  report 
of  the  Quebec  Bridge  Commission ;  gives  data 
of  typical  comi>resslon  of  six  larRO  cantlle\er 
bridges,  the  Memphis,  Thebes.  Monongahela. 
Blackwell's  Island.  Forth  and  Quebec 
bridges. 

Wind  Pressure  and  Deflections.  Eng  .New.s 
—Apr.  30,  08.  100  w.  20c  Appendix  19 
to  the  report  of  the  Quebec  Bridge  Comniis- 
•km* 

Riveting- 
Calculating  Net  Section  of  Riveted  Tension 
.Members  and  Fixing  Rivet  Stagger.  Victor 
H.  Cochrane.    Bug  News — ^Apr.  28,  08.  2 
flgs.   800  w.  20c. 

Viaduct. 

A-  German  Railway  Viaduct  of  Cantilever 
Construction  with  Novel  Hinge  Detail.  Rng 
News — Apr.  LV!.  OS.  i;  fl^s.  1,1  On  w.  20c. 
Describes  a  sintcle-track  deck  railway  viaduct 
of  unusual  design  at  WcRterburg,  Germany, 
on  a  new  branch  line  of  Che  Pruaslan  State 
Railways. 

WofHlert  Tre,>.tle. 

A  Large  Wooden  TreaUe  at  UcOill.  Ne- 
vada. J.  L.  Dobbins.  Bng  News — Apr.  16. 
08.  3  flga.  1,300  w.  20c.  Describes  a  tim- 
ber trestle  1,218  ft.  long,  forming  the  ap- 
proach to  a  large  smelter. 

EARTHWORK.  ROCK  EXCAVATION,  ETC. 

Earthwork  Costs. 

Comparative  Coets  of  Earthwork.  A.  P. 
Davis.  BngReo— May  16,  08.  5  flgs.  8,800 
w.  20c.  Qlves  data  obtained  In  the  exten- 
sive work  of  tlw  v.  8.  RedamnttOB  Service. 
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THE  DESIGN  of  HIGHWAY  BRIDGES 

AND  THE 

Calculation  of  Stresses  in  Bridge  Trusses 

Ibr  MILO  &  KETCHUMt  It  Am.  Soc  C  E. 

DteN  of  Colfet*  9f  Engineering  a  nd  Professor  fit  Citfrf  Engitt^ring, 

University  of  Colorado 
Author  of  "Steel  Mill  Baildingt?*  and  "Walla,  Bins  and  Grain  Elevators" 

Cloth,  6  K  9  mckea.    300  figure*  in  Um  text,  SO  t«bl««  and  A  foUing  pUte*.     PrintW  and  bound 
wrilom  with  *'3t— I MUI  BriMin*  —d  "WolU  Bto." 

TABLE  OF  CONTExNTS 

Stresses  in  Truss  Bridges 
Chapter  I.— Types  of  Truss  Bridges. 
Giapter  II. — Loads  and  Weights  of  Bridges. 

Chapter  III. — Methods  tor  the  Calculation  of  Stresses  in  Framed 

Structures. 
Chapter  IV. — '^trp-scs  in  Beams. 
Chapter  V. — Stresses  in  Highway  Bridge  Trusses. 
Chapter  VI. — Stresses  in  Railway  Bridiv  Trusses. 
Chapter  VII. — Stresses  in  Portals  and  Lateral  Systems. 
Chapter  VIIL— Stresses  in  Pins,  Combined  and  Eccentric  Stresses, 

Stresses  in  Rollers,  Deflection  of  Trusses,  Camber,  etc. 
Chapter  IX.— The  Solutions  of  24  Problems  in  the  Calculation  of 

Stresses  in  Bridge  Trusses. 

The  Design  of  Highway  Bridges 
Chapter  X. — The  Design  of  Short  Span  Steel  Bridges. 
Chapter  XL — ^The  Design  of  High  Truss  Steel  Bridges. 
Chapter  XII. — The  Design  of  Plate  Girder  Bridges. 
Chapter  XIII.— The  Design  of  Truss  Members. 
Chapter  XT\'. — The  Details  of  Highway  Bridge  Members. 
Chapter  XV. — The  Design  of  Abutments  and  Piers. 
Chapter  XVI.— Stresses  in  Masonry  Arches. 
Chapter  XX'^H.  —  Dcsifrn  of  Masonry  Pri  !l:ls  and  Culverts. 
Chapter  X  VIIL— The  Design  of  Timber  and  Combination  Bridges. 
Chapter  XIX.— The  Erection  of  Higrhway  Bridges. 
Chapter  XX.— Estimates  and  Cost  of  Highway  Bridges. 

Highway  Bridge  Details 

Chapter  XXL— Estimate  of  the  Weight  of  a  160  ft.  Span  Steel  Pin- 
Connected  Hic:hway  Bridge. 

Chapter  XXII  —Calculation  of  the  F.fficiencics  of  the  Members  of  a 
160  ft.  Span  Steel  Pin-Connected  Highway  Bridge. 

Appendix  I.— General  Specifications  for  Steel  Highway  Bridges. 

The  EDsbeerbg  Hews  Book  Department,  220  Broadway,  New  York 
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Railroad  Qrading  by  Hydraulic  Methods 
on  the  Chicago.  Milwaukee  ft  St  Paul  Rail- 
way.   Ehk  Rpc — May  2,  08.    3  flgB.  7,000 

w.    20c.    Dpscrlbea  gradlni:  work  Involving 

l.nOO.OOO  cu.  yds.  of  exc;v.  .'.Muti  In  about 
half  a  mile  being  dono  by  hydraulic  mining 
and  sluicing  methods  on  tlie  Pacific  coast  ex- 
tension of  the  C,  M.  &  St.  P.  Ry..  at  a  point 
14  miles  west  of  the  pummlt  of  the  Cascade 
Mountains  in  the  Btate  of  Waablngton. 

Begrading  of  SeatUe,  Wash. 

Regradtes  of  Seattle,  Waihlngton.  Eng 
Rao— May  9,  08.  5  llgi.  5,400  w.  May  16. 
6  figs.   4,000  w.  Bach  20c.  Deecrlhes  work 

which  has  been  in  progress  for  several  years 
and  has  already  involved  the  moving  of  tre- 
mendous quantities  of  materials  and  the 
complete  recooBtruction  of  a  large  portion  of 
tha  dir. 

Sttuup  Itemoval. 

Method  and  Cost  Of  Blaatlng  More  Than 
3,500  Stumps.  Eng*Contr — May  13,  OS. 
1,000  w.  20c. 

ENOUIMBRING  OOllBIBUOnON. 

Avehes  to  Reelst  Water  Pressure. 

The  Calculation  of  Horizontal  Circular 
Arches  to  Resist  Water  Pressure.  B. 
M<irsch.  Schw  Bau — May  2,  08.  3  figs. 
1,100  w.  40c.  HatbemaUcal  arttde. 

Balidlngi. 

Deep  Underpinning  for  a  Brick  Factory 
Building.  Eng  Rec — May  2,  08.  3  figs. 
2,400  w.  20c. 

Method  of  Constrnctlag  Reinforced  Con- 
crete Underpinning  for  14-«torT  Building  on 
Line  of  Washington  Street  Tunnel.  Boston, 
Mass.    Eng-Contr — May  13,  08.    1  lig.  1.700 
•    w.  20c. 

Reinforced  Concrete  Building  for  Oil- 
Tank.   C.  P.  Leonard.   Prog  Age — Apr.  15, 

08.    1  flgr.    2,200  w.  20r. 

Reinforced  Concrete  Cantilever  Girders  In 
the  Boyertown  Building,  Philadelphia.  Eng 
News— Apr.  23.  08.  S,  figs.  1.400  w.  20e. 
Deserthea  a  novel  appllcatloii  of  the  cantl^ 
lever  principle  in  relnfbreed  concrete  bulld> 
lags  for  the  siipiiort  of  walls  projecting  be- 
yond the  foundations. 

The  Bostwick-Braun  Building,  Toledo, 
Ohio.  C.  A.  P.  Tvirner.  Eng  Rec — May  2, 
08.  0  ilga.  8,200  w.  20c.  Deacrlbee  con- 
struction of  an  8-8tory  wholesale  hardwara 

store?  2  20  ft.  Bqnure.  which  was  erected  in 
record  time,  and  with  the  employment  Of 
extremely  simple  centeriug. 

The  Construction  of  the  New  Municipal 
Theater  at  Kiel— I.  O.  Leltholf.  Z  V  D  I— 
Apr.  IS.  08.   19  flgs.   6,000  w.  May  2.  9 

figs.    G.OOO  w.   Each  60c. 

The  Limitation  of  Height  and  Area  of 
Buildings  in  New  York.  Ernest  Flagg.  Am 
Arch— Apr.  15.  08.   8,100  w.  20c. 


The  Phelan  Building,  San  Francisco,  Floor 
Construction.  Eng  Hec — May  2,  08.  9  figs. 
2,400  w.  20c. 

The  Reinforced  Concrete  ^dium  at  the 
Franco-British  Bzbtbltlon,  iftOS.    Cone  A 

Const  Eng — May,  08.    6  flgs.    600  w.    4  0c. 

The  Ten-Story  Reinforccd-Concrete  Hos- 
tetter  Building,  Pittsburg,  I'a.  Eng  I<tawa— 
May  14.  08.   2  figs.   1,400  w.  20c 

Chimneys. 

An  Unusual  Concrete  Chimney.  Eng  Rec 
— May  2,  08.  2  flgs.  600  w.  20c  De- 
scribee an  Interesting  uae  of  reiBlbrcad  eon-' 
Crete  for  a  peculiar  combination  of  dilm&eor* 
smoke  and  spark  arrester. 

Ferro-Coucrete  Chimneys.  Engg — Apr. 
10,  08.  400  w.  40c.  Communication  from 
C.  Percy  Taylor  giving  table  of  wider  appli- 
cation than  that  in  his  article  in  the  Mar.  12 
Issue  of  the  Journal. 

Protection  of  Chimneys  against  the  Influ- 
ence of  Weather.  H.  €.  Nussbaum.  Gesuud 
Ingr — Apr.  18.  08.  1,500  w.  60e. 

Conduits. 

A  Wood  Pipe  Conduit  Constructed  at  Car- 
ney's Point,  N.  J.  T.  C.  Hatton.  .Mun  Jl  & 
Eagr — ^May  6,  08.   4  llgs.   1,900  w.  20c. 

The  Cost  of  Building  Bleetrlcal  Oondnlta 

In  Baltimore.  Md.  Ens-Contr— Apr.  1,  08. 
6  &SS.    7  tables.    3,300  w.  20c 

Culvert  Pipes,  Tests  of. 

Tests  of  Cast  Iron  and  Reinforced  Concrete 
Culvert  Pipe.  Prof.  Arthur  N.  Talbot.  Eng- 
Contr — Apr.  22,  08.  8  flgs.  4,000  w.  Apr. 
29.  6  figs.  3,800  w.  May  6.  6  flgs.  3,700 
w.  Bach  20c.  Condensed  from  a  paper  reiMl 
hatore  the  Western  Society  of  Enginam. 
Apr.  16,  08.  JXtCttnoa  the  medtanlcB  of 
pipes  and  rings  subject  to  external  pressure 
and  glvea  the  reanlta  of  testa  on  both  klnda 
of  plpa. 

Cylindrical  Retaining  Walls. 

The  Distribution  of  Stresses  in  Cylindrical 
Retaining  Walls.  H.  Rei.'isner.  Beton  u 
Elsen — ^Apr.  22.  08.  2  flgs.  4.000  w.  $1. 
Mathematical  analysis. 

Dams. 

An  Earth  Dam  with  a  Reinforced  Concreta 
Core  Wall,  at  Dizvllle,  N.  H.  Arthur  W. 
Dudley.     Eng  ReO-^ApT.  85,  08.     1  fig. 

1,200  w.  20c. 

A  Small  Concrete  Dam.  Samuel  H.  Lea. 
Eng  Rec — May  9,  08.    2  flgs.    1,600  w.  20c 

Method  and  Cost  of  Lock  and  Dam  Con- 
•truetlon  hf  the  U.  B.  Ctovemmeat  on  tha 
Upper  White  River,  Arkansas.  Eng-Contr— > 
May  6,  08.    6  flgs.    15,100  w.  20c. 

Movable  Dams  tor  the  Barge  Canal.  Jamea 
Cooke  Mills.   Can  Engr — ^May  1.  08.   8  flga. 

1,600  w.  20c. 

The  Break  in  the  Hauser  Lake  Dam.  Mon- 
tana. F.  L.  Slzer.  Engr  News — Apr.  oS. 
4  flgs.  1,200  w.  20c.  Gives  detalU  of  the 
failure  of  the  ateel  dam. 
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EVERY   READER  OF 

Cement  Age 


Is  kept  informed  of  the  prog- 
ress of  cement,  the  building 
material  of  the  age. 

Cement  Age  is  a  recognized 
authority  in  the  field  of  cement; 
it  is  the  best  edited,  best  print- 
ed and  best  illustrated  periodi- 
cal devoted  to  the  subject. 

Each  issue  during  the  coming 
months  will  contain  articles  of 
value  discussing  the  various 
applications  of  cement,  both 
decorative  and  utilitarian.  In 
March  the  first  auilioruaiivc 
article  on  the  Edison  house ; 
in  April,  illustrated  articles 
showing  the  superb  decorative 
work  now  being  done  in 
cement;  in  May,  a  special 
housebuilding  number,  with 
plans  and  illustrations  of  con- 
crete houses  of  moderate  cost. 

T//t-  June,  igo^y  I/oJtsfbuiliHuo^ 
Number  will  be  sent  on  rcceipl 
of  price,  2^c,  each. 

Subscription,  $1.50  per  year, 
Canadian  and  foreign,  $2.CX) 

Sample  Copy,  1$  cents 

CEMENT  AGE 

221  Fifth  Avcnne,    New  York 


CONCRETE 

Capillary  Positive  or 
Capillary  Negative — 

WHICH  SHALL  IT  BE? 

Voidless  concrete  is  not 
only  theoretically  but  prac- 
tically possible,  but  concrete 
proof  against  capillarity  is 
only  possible  where 

HYDRATITE 

IS  USED 

Watertight  Concrete 

results  only  when  made 
voidless--and  the  constitu- 
ents are  converted  from  the 
cai»llary  positive  to  the 
negative.  The  method  and 
the  means  for  accomplishing 
this  result  are  yours  for  the 
asking. 

A.  €•  Horn  Company 

WATERPROOHNC  ENGINEERS 

6-8  Burling  SUp 

NEW  YORK  CITY 


It  Will  B«  Mtttnallr  BcneflcS*!  to  8ar  'Wbm  Tou  taw  te»  AAvMttseaMBt. 
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The  Gataimet  Dmu,  SrHwy,  N.  8.  W.  Eim 
— AVT.  24,  08.  9  flgs.  2!)00  w.  40c.  De- 
■cHb«8  tills  recently  completed  structure, 
v.-h\ch  Ih  the  largest  Of  Iti  kind  in  the  Soatli- 

crn  Hetuisphere. 
'■       The  Coiu  ret.'  Dam  of  the  Lynchburg  Water 
'    Supply.     Eng  Heo — May  16,  08.    2  flss^ 

1,200  w.  SOe. 

The  Design  of  ButtresBed  Dams  of  T^-tn- 
;  forced  Concrete.  R.  C.  Beardsley.  Kng 
News    Ajji-   2:5.  <I8     4  figs.    3,300  w.  20c, 

The  Marseilles,  Ind.,  Concrete  Dam.  Dr. 
J.  H.  Ooodell.  Sc  Am— Apr.  18,  08.  l.GOO 
w.  20c  Desorlbes  the  cmMtructlon  of  a  dam 
on  the  lUlnofa  River  utlHstng  the  large  toI- 
nme  of  water  from  the  Drainage  Canal,  to- 
gether with  the  watershed  water  from  the 
Kankakee  and  Deeplalnes  Rivera. 

Dome,  Stwl. 

A  Cornpliratod  .Steel  Uoine.  Eng  XewB-  - 
May  14.  OS.  ti^a.  Cinu  w.  20c.  De- 
scribes a  large  steel  dome  constructed  (or  a 
building  in  San  Francisco. 

PoleB(  Concrete. 

Bending  Testa  of  Hollow  Retnforoed  Con« 
Crete  Poles.  F.  Scfaflle.  Baton  u  Blaen — 
Apr.  1,  08.  2  flgs.  TOO  w.  |1. 

,  Rolnforcod  Coiicrcto  rimstriK'tion. 

A  Hooj)ed  Keinforced-Concrete  Beam.  Bug 
News     .May   7.  08.     1  flg.     1.100  W.  200. 

Discusses  a  recent  British  design  of  beam 
of  doubtful  veiUty. 

,  Characteristics  of  the  Chief  Systems  of  Re- 
inforced Concrete  Applied  to  Civil  Eugineer- 
Inp  Worka  In  drrat  Uritaiii.  Conn  &  ConatT 
Kng — May.  (i.S.  w.    40c.    Fart  11. 

Concrete  for  roiistructlon  on  tbt  Pacific 
Coast.  H.  A.  Crafts.  Cass  Mag — May,  08. 
8  figs.  1.300  w.  40c.  Deaerlbea  a  pile  oon- 
aiatlng  of  a  central  group  of  three  wooden 
piles  anrrounded  by  a  wooden-stave  pipe. 
Reinforcement  is  introduced  in  the  annular 
■  space  and  rich  concrete  tg  then  foneri  in. 
The  wooden  plpi's  being  destroyed  sooner  or 
later  l)y  marine  insects,  leaves  a  strong  and 
elat-tic  wooden  core  protected  by  concrete. 

;        Manipulation  of  Forms  in  Concrete  Con- 
.     atractlon.  Cement — Apr.,  08.  3.000  w.  40c 
'     Paper  delivered  before  the  National  Aaaoeia- 
tlon  of  Cement  Usen. 

Reinforced  Concrete.  VIII.  Ernest  Mc- 
Ciillongh.  Cein  Era— May,  08.  1  flg.  6,300 
w.  20c.  Ciives  formulas  for  calculating 
walls,  tanlis  snd  footings. 

Reinforoed-Concrete  Brackets  Under  Skew 

Sidewalks.  C.  L.  Slocuni.  Eng  News — Apr. 
30.  08.  n^s.  fiOO  w.  20c.  Describes 
conslructi'm  useii  in  .\.  \v  Maven  for  support- 
ing sidewalkK  wlueti  ovtn  hang  the  tracks  In  a 

cut. 

Reinforced  Concrete  Coiunins.  P.  Gilles- 
pie and  W.  C.  Sawn.  Can  Engr — M»J  1,  08* 
3  figs.  6.000  w.  20e.  Describes  recent  ex> 
perlments  conducted  In  the  testing  laboratoir 
of  the  Department  Of  Engineering  of  Toronto 
University. 


Reinforced  Concrete  In  Reservoir.  Aqn^ 
duct  and  Conduit  Construction.  E.  R.  Mat-> 
thews.  Cone  ft  Const  Engg — May.  08.  8 
figs.   1.200  w.    40c.    Part  II. 

Stirrups  In  Reinforced  Concrete  Conatmo* 
tlon.  Their  Place  and  Power.  W.  H.  Brown. 
Jl  of  8oe  Arch  (Lend) — Hay,  08.  8  llga. 
1.100  w.  40e. 

Tlie  Bolting  of  .Metal  to  Concrete  Work. 
George  Rtoe.  Gem  Wld — ^Apr.,  08.  11  flga 
1,100  w.   20e.   Describes  methods  that  win 

obviate  or  prevent  the  cracking  of  the  walls. 

The  liftect  of  the  Strength  of  Joints  on  the 
Resistance  of  T^uilt  Blocks.  CemMit — ^Apr., 
08.    2  flga.    1,600  w.  40c. 

The  Elastic  Curve  (Curvature y  of  Rein- 
forced Concrete  Beams.  H.  Ehrllch.  Heton 
u  Eisen— Apr.  1,  08.    3  flgs.    1,100  w.  |1. 

The  Influence  of  Transverse  Forces  on  the 
Disposition  of  the  Reinforcing  in  Reinforced 
Concrete  Beams.  J.  Tbieme.  Beton  u  Eisen 
—Apr.  1.  08.  11  flga.  3.800  w.  |1. 

Roof  for  Rf .  PlaCfotiB. 

Reinforced  Concrete  Railway  Platform 
Roof  Supported  by  Central  Columns.  J.  M. 
Schuster.  Beton  u  Eisen — Apr.  1,  08.  7 
flgs.  600  w.  ^1.  Describee  construction 
need  at  the  Nuremburg  atatlon. 

Sewers. 

Maximum  Permissible  Gradient  for  Sewer 
Pipes.    Th.  Heyd.  Gesund-Ingr — Apr.  11. 

08.     1200  w.  60c. 

Phenomena  of  the  Crushing  of  Sewer 
Conduits.  .lanio.s  H.  Hazlehurst.  Mun 
EnKK— May,  08.  2100  w.  40c.  Extract 
from  a  paper  before  the  American  SoeletT 

of  iMunicipa!  Improvements. 

Reinforced  Concrete  Sewers  in  Wilming- 
ton, Del.     Eng  Reo — ^May  0,  08.    1  flg. 

1,500  w.  20c 

The  Canal  Street  Tunnel  Sewer.  New 
York  City.    Eng  Reo— Aiw.  18.  08.    8  flgt. 

3,000  w.  20c. 

Subways  and  Tanools. 

The  Construction  of  the  Market  Street 
Subway,  Fhliadelphia,  Fa.  Eng  Rec — ^Apr. 
26.  08.    8  flgs.    8.200  w.  20e. 

The  East  River  Tube  Connecting  New 
York  and  Brooklyn.  Elec  Rev — Apr.  11.  08. 
14  flgs.  .'."00  w.  20c.  Describes  construc- 
tion of  the  subaqueous  tunnels  and  the 
electropneumatic  block  signaling  and  tntoi^ 
locking  system. 

The  New  Blue  Island  .-\venue  Water  Tun- 
nel. Chicago.  Eng  Uei  May  9.  OS  6  flirs 
3  700  w.  2t»c.  Describes  the  circular  tunnel, 
having  a  total  length  of  approximately  2800 
ft.,  being  driven  in  Chicago  to  form  a  part 
of  the  system  of  tunnels  connecting  the  t&- 
take  cribs  in  Lake  Michigan  with  the  pump- 
ing statlona  from  which  the  dtatrlbtttlns 
malna  of  the  municipal  water-worka  are  aup> 
piled  under  direct  preaaure. 
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No  Waiting  for  Concrete  to  Set 

If  you  use  the  Dietrichs  Clamp  for  your  con- 
crete forms,  it  is  possible  to  remove  the  forms  as 
fast  as  you  can  work,  tor  example,  erect  a  two 
or  three  board  fcmn  for  the  foundation  of  a  build- 
ins,  fill  in  the  concrete  around  the  four  sides,  atid 
by  the  time  you  reach  your  startingf  point,  say  two 
hours,  the  lower  board  may  be  removed,  placed  on 
top  and  filling  in  may  be  resumed.  This  to  be  re- 
peated until  you  have  reached  the  required  height. 

The  Dietrichs  Qamp  holds  the  form  boards  in 
position  by  means  of  a  wire  placed  in  the  hook 
ends  of  the  clamp.  As  the  boards  are  removed, 
the  wires  remain  imbedded  in  the  concrete,  forming  a  reinforciiifcr  rod.  The  device  is 
very  simple,  but  eflfective.  A  supply  of  the  clamps  should  be  part  of  every  engineer's, 
contractor's  or  builder's  equipment.  A  demonstration  will  be  ^iven  at  any  reason- 
able distance  from  New  York.   Send  for  descriptive  literature  and  prices. 

THE  DIETRICHS  CLAMP  CO.  ri'.V«V7"i 


A  CORRESPONDENCE  COURSE  IN 


For  etiifineors.  architects  nr  tholr  nsalstant)  and 
nil  ttifti  havioK  some  eDfrioeerinK  traininK  or  ox- 
tH-riHiice.  An  underetandins  of  higher  matbo- 
matiO0  U  a«eeMHUT.  bat  we  have  a  coune  in  tlu 


I  la  wtlN«B  by 
Wsttra,  M.  Am.  Soc.  C. 


For  a  few  weeks  we  are  making 
a  reiluction  of  40  per  cent,  in 
the  cost  of  this  course. 

mhieiii  cm  IE  MME  ■  MnttUKm  n 


Pro$pectui  ami  appliratirm  hlmik  t/pori 
riiitii's!.      At.fo  nii'l    for    n    -'opt/  of 

CONCRETE  ENGINEERING 

The  only  eagioo«rlo8  and  contracting  jountal 
davoted  sadwlvvly  to  ttto  ooiwrate  Indutrr. 


NoChargefor  Service 

TO  READERS  OF 
ENGINEERING  DIGEST 

If  you  are  in  the  market  for 
machinery  or  supplies  of  any 

kind,  or  desire  catalogs  or  in- 
formation as  to  prices,  descrip- 
tion, etc.,  write  Engineering 
Digest,  and  you  will  be  put  in 
touch  with  the  leading  manu- 
facturers or  dealers. 


It  will  B«  Mutually  B«B«llela|  to  flay  Whara  Ton  flaw  tlM  AdvurtlMBMnt. 
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The  Paris  Subway.  A  Dnmas.  G6n5e 
Civil — Apr.  25,  08.  33  flgs.  -l&OO  w.  60c. 
Describes  work  on  the  tunnel  under  the 
Seine  at  Place  St.  Michel. 

The  Washington  Street  Tunnel  of  the  Bos- 
ton Subway  System.  Bns  Reo — May  16, 
08.    6  flsB.    3400  w.  20c. 

Water  Mnln<!,  Laying  ot. 

Cost  of  Hauling  a  Water  Main  Across 
Channel  at  Vancouver,  B.  C.  Eag  New^— 
May  14,  08.    3  figs.   2200  w.  20c. 

The  Method  and  Coete  of  Lnjrlng  n  Snb- 
merged  12-in.  Water  Main.  J.  Cansley. 
Eng-Contr — Apr.  22,  08.  6  flgs.  3600  w. 
20c.  Abstract  from  a  papor  read  before 
the  Canadian  Society  of  Civil  Engineers,  Feb. 
20,  08. 

Wat«Tjirooflng. 

Modern  Methods  ot  Waterprooflng  Reser- 
voirs.   Wtrpfg  &  nreprfg — Avt.,  08.  3 

.flgs.    1000  w.  20c. 

Some  Suggestions  on  the  Matter  of  Unl- 
torra  Specifications  for  Waterproofing. — I. 
Myron  H.  Lewis.  Cone — May,  08.  1800 
-w.  20c. 

Waterprooflng  Ooncrete.  W.  Lnwreoctt 
Ondd.  Cone  4b  Const  Eng — U«t,  08.  1800 
w.  40c. 

"Water  Tanks,  Rcinforced-Ooncrete. 

Klcvatod  Reinforced -Concrete  Wator 
Tanlcs  in  ruba.  Eng  News — Apr.  30,  08. 
4  fips.  t;()(i  w,  20c.  Gives  half-tones  and 
drawings  showing  a  pair  of  reinforced  con- 
crete water  tanks  recently  built  near  Ha- 
vana, Cuba. 

JRRIG.ATTOV  AND  DBAINAC^ 

AgtdcuUond  Drainage. 

The  Development  of  Agricultral  Drainage 
In  lUinoiB  and  Iowa — Controlling  Laws. 
Phyalcal  Conditions  nnd  Coats.  Jacob  A. 
Harman.  Eng-Gontr — ^Majr  13»  08.  6800 
w.  20c.  Paper  read  before  the  town  Dmls- 
age  Association.  Fort  DodS*  Meeting,  Feb. 
11  and  12,  08. 

Irrigation  in  Egypt. 

Irrigation  in  Egypt.  Knsrr— Apr.  17.  OS, 
21  flga.  1000  w.  40c.  Describee  two  new 
Irrigation  plante  at  Fadtab  and  Atbnnu 

MATERIALS. 

Cement  and  Concrete. 

Experiments  to  Dt-fermhie  Physical  Char- 
ncterlHtira  of  Materials  to  be  Used  in  the 
Gatun  Iinm  of  the  Isthmian  Canal.  Eng- 
Contr— May  13.  08.    1200  w.  20c. 

Portland  Cement:  The  Compounds  of 
Lime  ntid  Silica.  Cecil  H.  Desch.  Conc  A 
Const  Eng— May,  08.   1000  W,  40c 

Tests  of  Coral  Sand  and  Rodt  with  T^efer- 
ence  to  Their  Use  in  Concrete.  Dewitt  C. 
Webb.  Bng  News— Mar  14,  08.  800  w. 
SOc 


The  Coefflclent  of  Elasticity  of  Concrete 
in  Shear.  Cement — Apr.,  08.  6  flgs.  1900 
w.  40c.  Summary  of  an  article  by  Herr 
Helntel  In  "Beton  u.  Eisen."  in  which  the 
value  of  the  coefflclent  for  concrete  in  shear 
is  deduced  from  the  obierTed  deltet^ons  of 
simple  beams. 

The  Effect  of  Fuel  Ash  In  Cement  Brit 
Clay  Wkr    Apr.,  08.    700  w.  40c. 

The  Effects  of  Magnesia  on  Cement.  Brit 
Clajr  Wkf^April,  08.  1800  w.  40c 

The  Electric  Resistance  of  Mortara.  Ce« 
meat — Apr.,  08.    1  flg.   800  w.  40e. 

Steel  for  Betatforring  C'onci«<e. 

Immunity  from  Itustlnp:  of  Reinforcing 
Steel  in  Concrete.  Eng  News — May  14,  08. 
2  figs.  12  00  w.  2  0c.  Gives  resttlts  Of  re- 
cent German  OoTdrnment  tests. 

Tests  on  Rnstlng  of  Steti  Bods  Bmbeddod 
In  Concrete.  Bug  News — ^May  14,  08.  TOO 
w.  20c. 

Timber. 

A  Ki  '.iow  of  the  Present  Practice  and 
Econonncs  of  Timber  Preservation.  Eupene 
P.  Schoch.  St  Ry  .Tl  —  .May  Ifi.  OS.  4000 
w.  20c.  Abstract  of  paper  read  before  the 
Southwestern  Electrical  &  Oss  Assodnttoa  nt 
El  Paso,  Tex.,  May  7,  08. 

The  Management  of  the  Black  Locust 
Plantations  of  Pennsylvania  Railroad.  B. 
A.  Sterling.  Eng  News— May  14,  08.  1  flg. 
1800  w.  SOc 


mViatS.  CANALS,  HARBORS. 

Brenkwafer. 

Reinforced  Concrete  Caisson  Breakwater 
at  Algoma  Harbor,  Wis.  Eng-Contr — Apr. 
20,  08.    2  flgs.    1200  W.  20c 

CatskiU  Aqueduct. 

Snbsiirfnce  Investigations  on  the  Catakill 
Aqueduct,  Board  of  Water  Supply.  Robt. 
Rldgway,  Eng  Bee — Apr.  18.  08.  2  figs. 
6100  w.  Apr.  28.  8  flgs.  4200  w.  Bach 
20c.  Paper  read  before  the  Mallel|Wl  Sn* 
glneera  ot  the  City  of  New  York. 

COtorwIo  RlTer. 

Tile  Lower  '  i(  r  ido  River  During  and 
After  tlie  Preshet  Stage  ot  1907.  C.  B. 
Grunsky.  Eng  News— Apr.  10,  08-  1  flg* 
2100  w.  20c. 

Inland  Waterways. 

Some  of  the  rakglneering  Problems  In- 
TOlved  In  the  Construction  of  a  Deep  Water- 
way from  the  Great  Lakes  to  the  Gulf  of 

Mexico.  J.  A.  Ockorson.  Eng  News — Mav 
14.  08.    6200  w.    20c.    Condensed  from  & 

imper  read  hefnre  the  Bnglnoers'  ClOb  Of  8t. 

Louis.  Feb.  5,  08. 

The  Further  Tmprorement  of  Our  Inland 
Waterways.  Maj.  S.  C.  Rlche.  Eni;  Rec-- 
Apr.  25,  08,  3600  w.  20c.  Paper  read 
before  the  Contenporary  Clnb  of  OnTtnport. 

Iowa. 
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PERFECTION 


is  the  aim  of  all  improve- 
ment and  development  in 
manufactured  products. 
The  highest  development 
is  reached  in  our 


1908  Type 

Hayward  Bucket 


the  result  of  constant  improvement. 
Our  catalogues  would  convince  you. 


THE  HAYWARD  COMPANY 

50  Church  Street,  New  York 


We  make  also  all  kinds  of  Machinery 
to  operate  our  Buckets,  including 
Dredges,  Elxcavators,  Derricks,  Coal 
Towers  and  Bridges 


It  will  Be  Mutually  Beneficial  to  Say  Where  You  Saw  tbo  Advertisement. 
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Experimental  Work  at  the  Oatun  Dam 
Site.  CRl<?b  Mills  SavUle.  Bnc  News — ^Apr. 
23,  08.    1200  w.    20e.   Vfom  tlw  "Caiia^ 

Record"  ot  April  8. 

Bigfat^r-Wajr  on  Great  Lakes. 

The  Right-of-Way  of  the  Oreat  Lalcea.  F. 

C.  Shenehon.  J!  of  Assn  Eug  Soc— Mar.,  OS. 
7000  w.  4  0c.  Paper  read  before  the  De- 
troit KriKlnooring  Society,  .Ian.  Iti,  OS.  Dis- 
cuBses  the  Qreat  Lalces  viewed  as  the  rigbt- 
oC'Wajr  of  a  tnntportatton  qratam. 

Reinforced  Concrete  Sea  Defence!.  K. 
Hulsman.  Cone  &  Const  Eng — Hay,  08.  10 
figs.  1400  w.  40«.  Dnteh  Bxamplea. — III. 
Concluded. 

The  Concrete  Sea-Wall  at  Cebn,  PhlUppine 

Islands.    H.  F.  Cameron.    Bog  Ree — ^Apr. 

25,  08.    4  figs.    2600  W.  20e. 

8tr«am  Flow  lU'corda. 

Length  of  Records  Necessary  for  Eteter- 
mtning  stream  Flow.  John  C.  Hoyt.  Bns 
News — Apr.  23,  08.  3500  w.  20c.  '  Dla- 
cBomm  wliat  lensth  a  eerlee  of  obeenratloiw 
Aould  kave  In  ovder  to  determine  wbat  con- 
dlttona  may  be  expected  in  the  future. 

Water  Con.serration. 

New  York  State  Water-Storage  and  Water- 
power  Investigations.    BttS  NOWB— Apr.  30, 

OS.     2:i00  w.  20c. 

State  Water  Conservatiou  and  Utilization 
In  New  York  and  Elsewhere.  Bng  News — 
Apr.  30.  08.    2900  w.  20c 


The  Relation  of  Water  Conservation  to 
Flood  Prerentlon  and  Navigation  In  the  Ohio 
River.   M.  O.  Lelghton.   Eng  Newi — May  7, 

0!5.  1  Tig.  9  tables.  13,000  w.  20c.  A 
paper  prepared  as  au  appendix  to  the  Pre- 
liniinary  Report  Of  the  InUwd  Waterways 
Commission. 

BOBVBimrO,  HENfiURATION. 

Mensuration  of  Snmll  Au^^les,  etc. 

The  Mensuration  of  Small  Angles  and 
Minute  Lengths.  John  G.  A.  Rhodln.  Xngr 
—Apr.  24.  08.    9  flgs.    3100  W.  40c. 

Pboto-topographic  Work. 

The  Panoramic  Camera  Applied  to  Photo- 
topographic  Work.  Charles  W.  Wright.  Eug 
News  May  14,  OS.  S  flgs,  4100  w.  20c. 
I'aper  presented  before  annual  meeting  of 
the  American  Institute  of  Mining  Engineers, 
Toronto,  July*  1907. 

Prelinilnnry  Survey. 

The  Preliminary  Survey  Work  on  the  Cut 
Through  the  Bernese  Alps,  and  on  the 
LOtsehberg  Railway.  C.  Koppe.  Organ  t. 
d.  Fortschrltte  d.  ISsettbahn — ^Apr.  1,  OS.  t 
flgs.   2600  w.  SOe. 

Rallrond  Cnrvcs. 

CouipeDsation  of  (Jrades  on  Curvps.  Eng 
.News — Apr.   H',,  (is.     2  5  00  w.     2  0c.  Gives 

data  from  the  existing  practice  of  several 
railways. 

RaiTroad  Curves.  H.  V.  Norford.  EIoc 
Tr   Wkly     May   14,  08.     4  figs.     1700  w. 

2  0C.   (MveB  Instructions  and  tabiss  tor  tlM 

use  of  trackmen. 


EC30NOMICS  AND  EDUCATION 


Coat  Acoonntlag. 

Accounting  Literature.  Leo  Greendllnger. 
Jl  Acctcy — Apr.,  08.  6000  w.  40c.  Gives 
a  large  list  of  books,  on  accounting,  audit- 
ing, cost  keeping,  depreciation,  etc.,  with 
brief  deserlptlTS  notes  regarding  their  con- 
tents. 

A  Practical  Fouiulry  Cost  System.  Fdry 
-  May,  (IS.  :.r,OD  w.  20c.  Describe.^  the 
cost-keeping  methods  used  in  the  foundry 
Of  the  Goulds  Mfg.  Co.,  Seneca  Falls,  N.  T. 

Isolated  Station  Records  and  Cost  Ac- 
counting. G.  F.  Gebhardt.  Power — Apr.  28, 
08.  3  figs.  G500  w.  20c.  Dr-scrlbe.s  the 
system  of  cost  arconnting  tniployed  in  a 
largo  private  isolatf  l  power  plant  at  Chi- 
cago, with  charts  and  diagrams. 

Labor-Cost  Distribution  at  the  General 
Electric  Shops,  Lynn.  Mass  Geo.  F.  Strat- 
ton.  Eng  Mag— Mar..  08.  i  ags.  3200  w. 
40c.  DescrlbeK  sy-tf  uis  at  a  plant  having 
11,000  euiployecB  drawing  a  total  of  1160,- 
DOO  weekly. 


Obtaining  Actual  Knowledge  of  the  Cost 
Of  Production.  F.  £.  Webner.  Eng  Uag~ 
Hay,  08.  2600  w.  40c.  I. — ^What  consti- 
tutes a  knowledge  of  costs. 

The  Duties  of  the  Navy  Civil  Engineers, 
and  Their  System  of  Keeping  Cost  Accounts. 
h.  F.  Bellinger.  Corn  ClvU  Bngr — ^Apr.,  08. 
4  flgs.   6800  w.  40e. 

Cost  Data,  Use  and  Abnne  of. 

The  Use  and  Abuse  ot  Cost  Data.  W  W. 
Patch.  Eog  News — ^Apr.  30,  08.  1600  v. 
20c.  Points  out  a  number  of  omissions  offesa 
made  by  compilers  of  cost  data,  which  ren- 
der calculations  bassd  on  their  use  unreli- 
able. 


Enfcineer  and  Banker,  ReUtfev  Between. 

The  Relrttirin  Between  Banker  and  Engi- 
neer. J.  C.  Kflsey.  Ry  Age — Apr.  24,  Og. 
".HHi  w.  20(.  Aljtitract  of  address  delivered 
before  the  Western  Society  of  Engineers, 
Chicago,  Apr.  10,  08. 
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Technical  Education 


CHICAGO.  ILX.IN0I8. 

Omhh  Ib  UMtfSoa.  MmIuuiImU.  CItU,  CMnlaal  aaA 
Wn  PnlMtiM  BaclBMrlBC  ud  AfehtiMtniVa  Omb* 
pMdy  •quipped  labontorles  lo  all  d«p*rtm«nU. 

Yeftr-book  Mnt  on  spplleaUon. 

SOUTH  BBTHLBHKM.  PA. 
HENRY  8.  DRINKBR.  PrMldant. 
CourBet   Id   Civil,   Mechanical,   Mlnlns,  MatallurgtcBl. 
BlactrloKl.  nitii  ChviDical  Bnclnaaring,  la  Gleetromatai- 
lurgj  and  Cbamiairy.  Alao  Claaalettl  and  Utarmrr  Couraaa. 

nr  turttar  laComatioa.  tar  SdfIMm  of  tho  Vvtnnta, 
aod  for  doa«rlptlT«  elreaUn  or  tho  dlffarant  eoaraoa, 

uddrffn                                              THE  REGISTRAR, 

Clarkson  School  of  Tecknology. 

ThomM  8.  Clarksou   Mvtiiurlal.   PolBdam,   N.  Y. 
OnutMd  under  cluriM'  ot  iha  UnUaraliy  ot  tba  StaU 
•r  mum  ywk   Oaiin«i  iMdlaat*            o|  ■Mtalor 
•t  teteMt  la  OkMlcnl,  Civil.  U«etri«Sl  and  MwOttaMftl 
ICBcloaarinc;  MBprtolng  four  year*  of  ttaorouKb  training 
■Dd  realdent  Mttlia  work  iii  theory  aod  pracUca  of  angl- 
nMrtag.    Tto  Onrkaon  Bulletin,   publisbed  quarterly, 
wdtod  M  nppiliotiOB- 

WM.  a.  ALDRICU.  OlNCtor. 

RumibImt  PdflMlune  yft«tirtf| 

TKOT,  K.  T. 

A  SCHOOL  OP  ENOINBBRINO  AND  SCIENCE. 
Roada.  Rallroada,  Brldgaa.  Roofa.  Arehea,  Dama,  Staaai 

BnKlnea,  Electric  Boslnaa.  Dynamoi.  Turbines.  Foanda* 
tlaan,    Water-Work*,    Tunneli.    Sewer»,    KlTers,  Canali^ 
Cbamlcal  Analyaia,  Ulnoralogy.  Metallurgy.  AMayiod. 

College  of  EnfineaiBf, 

OHIO  NORTHERN   UNMVKRSITY,   ADA,  OHIO. 
OBBIIW  In  CItII.   Mfchnntcal,    Kicrtrtcai.   «8««tl«j  Bui- 

Unr.  MunicliMU,  Arciiltactura. 
THOBOUOH.           PKAOTICAU  KOONOMIOAU 
Behoof  Ib  •moIoo  Um  •atlra  rmr.    No  tlmo  Umtt  for 
gnduaUoo.   No  feea.   Enter  any  tUna.   Wa  glra  atudanta 
arhal  th«r  ne«d,  wben  itaey  need  It. 
For  pamphlal,   catalogua.  or  Information,  addraaa, 

TH08.  J.  smnx.  Dmm. 

Rose  Polytedmic  Institiite, 

TBRRB  HAUTE.  IND. 

Couritea  In  Mechanical,  Blactrtcal  and  Clrll  Enclnaarlas, 

Architecture    and    Cbemlatry.     BxtanilTe   Shops.  Con- 
pletcly  equipped  I>aboratorlas  In  all  Departmenta,  Ex* 
penses  low. 

For  catjLlosua  or  spadal  Information,  addraaa. 

Situations  Wanted 

Until  further  notloa  wa  arUI  publish  without  cbars* 
adTartlaemeDts  from  our  regular  subi^crlbers  wbo  sack 
employ mcnt.     Moke  them  brief.     Hti^Iles  inny  be  ssnt  Is 

our  ^:ir'',     TLr-     I  ir.Ke  '  i_     'Ii.ts   ;     t-*0  ceut.'  J\  worii, 


GRADUATE  MEKHANICAL  ENGINEER  (80).  esparl* 
•need  In  electrical  enKineerlnx  and  a  machinist  by  trade, 
daalrea  n  position  as  Kupi-rintendcDt  or  .lh.-;! slant  manager 
of  machine  manufacturing  astabllsbment.  Bsparlenoed 
111  power  plant  conatructlon.  oiodern  mactalne  aMp  piM* 
tloe  and  Mulneae  methoda.  Have  handled  bmo  SMOM* 
fnllr.  Addrem.  IttW,  can  ■nslaoMlag  IHiwt. 


POSITION  WITH  OPPORTONITT,  hp 
ate  mechanical  engineer.    Have  had  odo  poor'a 
once  In  maoufarturlng  plant,  one  year  testing 
putlog  reinforced  concrete.     Can  handle  raeu. 
''IB.  B.  T.,"  care  of  The  Bnglneerlng  Dlgeat. 


mOHANICAL  BKGINBBR-German.  married,  dcelroa 
poaltlon  with  aome  manufacturer  where  be  can  apply  hta 

Inrentlve  ability  and  oriKlruillty  In  <l«slKnin>:  of  -ppcial 
machinery  and  iii^  <'h;u;ic;il  apijlijiiu  i  f,  a.s  siiju  rmt'  iidciit 
or  aaslatant  muuagiT.  Address  "^i-lOO,"  care  ot  the 
BnglMartas  Olgoai. 


TRADE 


PATENTS 


COPT- 
RISHTS 


PMeot  Office  MMl 
Coart  Practka.  High  CIbm  Service. 

WILLIAM  T  JONES.  Attorney  and  Counselor-at- 
Law.     Suite  2-7  Metzemt  Kldg.,  Wa-^hinRton.  U.  C. 


Testing  Laboratories 


Thm  industrial  Laboratonma 

No.  184  Front  Straal, 
Now  York  dtp. 
Conaulting  and  Analytical  Chemlata. 
Deaign  and  Snperrlae  Conatructlon  of  Chemloal  Plaats. 
Poralah  AdTloa  Whararer  Chemtcala  aro  Mada  or  Vaai. 

t»       mPUE,  FhJ>.,  ]>lt«e««v 


TediBical  Laboratory 


Teeting,  Consulting  and  Analytical  Cham  lata. 
Analyse*  and  Reporta  mada  in  all  Branohea  of  Indna- 
trial  Chemistry.    Expert  Aaalalance  In  all  Branchae  Of 
Chemical  Engineering. 

tMO  IMn^im  BottlOTaidi.  PTBOIT,  MICH. 


Architectural  Books 

Architectural  Books 

Send  for  STUDENT'S  A  DRAFTSMAN'S  Ubrary  Club 
Catalogue.    (Small  monthly  payments.) 

Alao  General  Catalogue  of  Architectural,  Bclldlng  and 
Technical  Booka. 

■ample  copy  ot  AfaUtaeta*  A  BnlMara*  Hagastaa  aael 
«a  reqawt. 

WU.  T.  COMSTOCK,  Tubllsher, 

23  Warren  St.,  NEW  YORK. 


It  Will  B«  MntoaUy  BoaafleUl  to  lap  WlMra  Tou  Saw  the  AdTertisomont. 
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Engineering  Bdacatton. 

College  Traiuliic;  of  Kloctrlcal  Engineers. 
Prof.  Arthur  C.  Scott.    El  Wld — Apr.  18,  08. 
4S00  \v.    2  0c.    DlBcuBsion  of  the  vubiectr 
favoring  a  five-year  course. 

Bnglnwritig  and  Indnstrial  Education. 

Fred.  A.  GeJer.  Am  Mach — May  7.  08. 
:]300  w.  20c.  An  address  before  the  Na- 
tional Motal  Trarics  Association.  States  re- 
sulta  obtained  by  co-oin  raticin  b<,»twt;eii  man- 
ufacturers and  the  University  of  Cincinnati, 
from  the  standpoint  of  a  manufacturer. 

Engineering  Idteratore. 

The  Making  of  Literature  for  ESngltteers. 

Charlos  Whiting  Balder.  Eiig:  News — Apr. 
16,  OS.  6500  w.  2  0c.  Au  address  by  the 
innnaR^nK  editor  of  "Engineering  News,"  de- 
livered Mar.  27,  08,  bofore  the  engineering 
students  of  the  UnivctHlty  of  Michigan.  DIs- 
cuMcs  the  voluminosity  of  engineering  lit- 
erature, and  tiie  need  for  specialization  and 
coadaniatton,  Mtting  forth  the  standards 
and  requirements  of  hUth-KTftd*  engtHMring 
journals. 

Bngincei-s  a><  Members  of  Coninilsslon.s. 

Concerning  Bngineers  as  Members  of  Com- 
missions. Bttg  NevB— Apr.  16,  08.  ISOO 
w.  20c. 

Bn^ish;  Its  Importance  to  Engineers. 

The  Importance  of  English  in  the  Work 
of  the  Engineer.  \Vm.  D.  Bttllls.  Bttg  Mag 
— ^May.  08.    2400  v.  40c. 

Pactorj'  Mniiapement. 

Executive  Control  in  the  Factory.  Hugo 
Dlemer.  Factory-  Apr.,  08.  4  figs.  2900  w. 
40c.  Discusses  methods  of  summarising 
facts  at  the  executive  desk,  typewritten  re- 
ports, tabulated  statements,  graphic  analyses, 
etc. 

Experience  with  the  Piece-Work  and  Prc- 
miuin  Plans.  Clinton  Alvord.  Am  Mach — ' 
May  7,  08.   2100  w.  80c. 

.Maximum  Production  Through  Organisa- 
tion and  Supervision.  C.  E.  Knoeppol.  Eng 
Mag — May,  08.  5400  w.  40c.  II. — System- 
atic Processing,  Machining,  Assembly  and 
Erection. 

Running  a  Factorv  Ly  Schedule.  Roliort 
Dally.  Factory —Apr..  08.  3200  w.  40c. 
VI. — ^Foundry  schedules  by  pay-roll  periods. 

Storing,  Issuing  and  .\crouTifInn:  for  Ma- 
terial. Oscar  E.  PeriiKO.  Ir  Tr  Rev — May 
7,  08.    14  figs.    4300  w.  20o. 

Suggestions  for  Increasing  the  Bfllclency 
of  Skilled  Workmen.    Oscar  E.  Perrfgo.  So 

Marl.    May,  OS.    2  figs.    300  w.  20c. 

The  Fundamental  Principles  of  Works 
Organisation  and  Management.  P.  J.  Dar- 
lington. Bug  Mag — ^Mar.,  08.  5000  w.  40c 
First  of  two  artfctes  devoted  to  the  sorting 

and  classifying  of  the  special  methods  and 
systems  used  in  a  large  number  of  shops. 

iCNB, 


The  Management  of  Engineering  Work- 
shops. Bustaoe  Thomas.  Bleo  Bngr — Apr. 
24,  08.  6800  yr.  40c.  Paper  read  before 
the  Institution  of  Electrical  Engineers. 

The  Production  System  of  the  Westing- 
house  Elec.  &  Mfg.  Co.  H.  N.  Wharton. 
Eng  Mag— Mar.,  08.   2  figs.   4200  w.  40c. 

FVanldln  bstltaie,  WoA  of. 

The  Franklin  Institute:  Its  Services  and 
Deserts.     Dr.  Perslfor  Praser.    Jl  Frank 

Inst — Apr.,  0"?.  20  flps.  t4,inO  w.  60c. 
A  lecture  delivered  before  the  Franklin  In- 
stitute, F«'b.  14,  08. 


Industrial  conditions  and  Prospects. 

Conditions  and  Prospects  in  the  American  * 
Industry.    Edwin  G.  Eckel.    Eng  Mag — 
Mar..  08.   1  flg.   4B00  w.  40c 


lusunmcq. 

Electricity  as  Viewed  by  the  Insurance  En- 
gineer, Should  the  A.  I.  E.  E.  Interest  Itself 
in  Fire  Protection?  C.  M.  Goddard.  Proc. 
.\mer  Inst  E  K — May,  08.  2200  w.  SOc. 
A  pajjer  to  be  presented  at  the  25t.h  annual 
convention  of  the  American  Institute  of  Elec- 
trical Engineers,  Atlantic  Clt^,  N.  J.,  June 
20-July  2,  98. 


Mechanical  Engineerijig  Practice. 

Mechanical  Engineering  as  Practiced  on 
the  Atlantic  and  Pacific  Coasts.  George  W'. 
Dickie.  Jl  As.sn  Eng  Soc — Mar.,  08.  3900 
w.  40c.  I'aper  read  before  The  Technical 
Society  of  the  Pacific  Coast,  Jan.  24.  08. 

FMcBts. 

Notes  on  Patent  Procedure.  F.  W.  Blair. 
Elee  Rot — Apr.  1,  08.  8800  w.  SOc 


Safety  Devices. 

Reducing  the  Accident  Risk.  P.  M.  Felker. 
Factory—  Apr..  OS.  ] figs.  2.500  w.  40c 
Presents  detailed  methods  of  accident  pre- 
vention in  fac  tory  conatrnetlon,  equlpipent 

and  machinery. 

Safety  Appliances  on  Looms  in  Cotton 
Mills.  Eng-  Apr.  17,  08.  12  figs.  3200  w. 
40c.  Describes  a  number  of  protective  de- 
vices used  on  BrltUli  Mills. 

The  New  Museum  of  Saf<>ty  Devices  at 
Paris.  Jacques  Boyer.  Eng  Mag — May,  08. 
16  figs.    4700  w.  40c 

System  for  Oontraeter. 

System  In  Business  of  General  Building 
Contractor.  Hugh  Wright.  Bus  Mau'a  Mag 
— ^May,  OS.  14  figs.  1900  w.  20c  De- 
scribes methods  used  in  keeping  the  records 
of  extensive  building  optoatlont  from  tbe 
estimate  to  the  cost  of  the  completed  atntc- 
ture. 
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CONCRETE-STEEL  ENGINEERING  COMPANY 

PARK  ROW  BUILDING        Consulting  Engineer.  NEW  YORK  CITY 


EDWIN  THtCHEl 

M.  AM.  bUC.  C  K. 


WIUMM  MUEtn 

M.  AM.  sue  C  K. 


Concrete- Steel  Briigei  a  specialty. 


yore  than  500  spans  boilt. 


THACHER  BARS 


jFor 

rainforcins  concratr 


DIAMOND  BARS 


15  Minutes  in  Hot  Paint  Gives  Life  of  15  Years 


Till!)  plidtarraph  shows  railrriail  tif- 
of  souttiprn  pton  that  wr>ri<  Itnm(>m<-<1 
ir>  inlnut<*B  In  hot  paint  ma<lt>  tiy  thin 
company.  Aft«'r  nine  yoan»  sonrlcp  iho 
tIeH  arn  «•  noiiiKl  as  llii'  day  they  were 
trtMitCKl.  which  nican»  that,  at  worst, 
they  will  hiivc  a  llfo  of  not  lesst  thAn  1.5 
yt*nr».  The  |jalnt  contalnHit  Kerniloldo 
that  1b  death  not  only  to  the  fiuiKUS  of 
rot  but  to  ipredos  and  all  forms  of  tim- 
ber parasites.  No  engineer  who  la  coD- 
cernwl  with  thn  prosenratlon  of  ties, 
piles,  fencps,  tel(>(;rriiili  and  t*»|i^phon« 
Iiolrs.  or  brldKP  timbers,  can  afford  not 
to  send  tor  our  catalog  at  oooe  and 
InvestlKate  this  luilnt. 


THE  TEREDO- PROOF  PAINT  CO.,  18  Battery  Place,  New  York 


POWER  PLANT  EQUIPMENTS 


GAS  PRODUCER  INSTALLATIONS 


CONSULTING  ENGINEERS 


GAS  FURNACE  PLANTS 


The  atppsF  Clip  """""" 

J^^Its  trianfoilar  shape  prevents  entangling 
and  gives  three  times  the  capacity  of  any  other 
Clip  for  attaching  papers  together. 

/iest  and  Cheapest.    All  Stationers. 
Brata  or  Ste«l.  Send  10c.  for  Box  of  100. 

Clipper  Manufacturing  Company 

366-368  Gerard  Avenue,       New  York,  U.  S.  A.  The  MOGUL  CLIP.     <rf  »  i.r  is  c..i. 


It  will  Be  Mutualtr  Beueflclal  to  Say  Whore  You  Saw  the  Advertisement. 
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ELBCTRICAL  ENGINEERING 


ELECTROTH  KMI8TBY. 
Elertrwlytlc  Corrosion. 

ciol\ ti(  Corrosion.  Prof.  W.  W.  Mal- 
daae  Gee.  Elec  Eng — Apr.  9,  08.  5700  w. 
40c.  Paper  read  before  the  Manchester  Local 
Section  ot  Bloctrlcal  Bnglneeri. 


A*  C.  Circle  Diagram. 

The  Alleroating-Current  Circle  DiaKiain. 
Cbarles  F.  Smith  and  Wm.  Cramp.  Mech 
Bngr — May  1.  08.  9  flea.  3300  w.  40c.  I. 
DeBcrlbee  tb«  iiie  ot  cliel*  dtasrami  for  the 
representation  ot  the  conditions  extstlng  in 
alternating  current  oireulta  supplied  with 
either  constant  current  or  constant  Toltaie. 

Electric  Discharges  Through  Gat^es. 

Electric  Dlechurges  tlirouR:h  Gases.  Eng 
— Apr.  17,  OS.  2  flgs.  2300  w,  40c.  Con- 
cluding ire  turo  of  course  on  the  above  sub- 
ject. dcliveD'd  at  the  Royal  Institution  hjr 
Prof.  J.  J.  ThoniBoo, 

PositiTe  JBlecCridtjr. 

Positive  Ele«trtclty.  Bngr — ^Apr.  17.  08. 

4  Aks.  2  000  w  10c.  Lecture  at  the  Royal 
Iii.siiKition  t>y  I'rol".  J.  J.  Thomson,  discuss- 
ing' tile  nature  of  positive  elcrtrifity  and 
I  .\nmiuijig  whether  It  exhibited  au.vthlng  ap- 
proaching in  simplicity  to  the  individual 
negative  charges  or  "corpuscles." 

Power  Factor,  Three^Phoiie. 

Three-Phase  Power  Factor.  Austin  Burt. 
Proc  Amer  lust  E  E — ^May,  08.  fi  figs.  3800 
w.  89e.  A  paper  to  be  presented  at  the 
2Stb  annual  convention  of  the  American  In- 
stitute of  Electrical  Engineers,  Atlantic  City, 
N.  J..  June  29-July  2,  08.  Derives  from 
various  relations  that  exist  between  the  elec- 
troinotivf  lorreH  and  currents  In  a  3-phase 
delta-connected  system,  a  general  expression 
which  will  enable  the  mean  power-factor  to 
be  determined  exactly  and  deve!np8  a  method 
by  which  the  required  tsIucb  < employed  in 
the  abovo  exprasaton  nmy  be  readily  deter- 
mined from  tlie  standard  switchboard  Instni* 
ments. 

GENERATORS.  MOTOBS,  TBAITSFOBIIBRS. 

A.  C  Motors. 

Operation  of  Polyphase  Induction  Motors. 
R.  H.  Fenfcbaosen.  Power — May  5,  08.  4 
ligs.  2400  w.  20c.  Oives  practical  Infer* 
matlon  in  regard  to  treating  of  auto-atarters. 
motor  installation,  causes  of  Bfaortrelreult, 
etc. 

The  Single-Phase  Conimutator-T.vpe  Mo- 
tor. B.  Q.  lAmme.  Proc  Am  Inst  E  St~ 
May,  08.  T  flgs.  €500  w.  80c.  A  paper 
presented  at  a  meeting  of  the  Plilladelphia 
Section  ot  the  American  Institute  of  Btleo- 
trical  Engineers.  Philadelphia,  Pa..  Feb.  10, 
08. 


AltemaUm. 

Application  of  Fractional  Pitch  Wlndlnga 
to  Alternating  Current  Generators.  Jena 

Bache-Wilg.  Proc  Am  Inst  E  E — May,  08. 
4  flKs.  2  2(10  w.  KOc.  .A  jjapcr  to  be  jire- 
sentcil  ai  the  with  atinual  tutivcutiuii  u(  the 
Anu  rican  Institute  of  Electrical  Engineers, 
Atlantic  City,  N.  J.,  June  29-July  2,  08. 

Modern  Development  in  Single-Phase  Gen- 
erators. W.  U  Waters.  Proc  Am  Inst  E  B 
— ^May,  '08.  3  flgs.  2300  w.  80c.  A  paper 
to  be  presented  at  the  2Bth  annual  conven- 
tion of  the  American  Institute  of  Electrical 
Engineers.  Atlantic  City,  J.,  June  29- 
July  2,  08. 

The  Magnetomotive  Force  of  Polyphase 
Windings.  B.  C.  Dennison.  Sibley  Jl  of  Eng; 
— Apr.,  08.  7  flgs.  3300  w.  40c.  Olves 
formtilas  r^nd  method  for  calculation. 

Theory  and  Practice  In  the  Parallel  Opera- 
tion of  .Alternators.  L.  Flelschinann.  Elok 
u  Mascb — Apr.  19.  08.  3  flgs.  3a00  W. 
€0c. 

The  variation  in  the  Voltage  Cnrvea  of 
Single  and  Polyphase  Generators  under  Load. 

E.  Sledek.  Elek  u  Masch — ^Apr.  5,  08.  16 
flgs.    3500  w.  60c. 

Carbon  Bmshea. 

Carbon  Brushes.  P.  V.  D.  Brokaw.  Elec 
Tr  Wkly  -Aitr.  lb.  us.  2400  w.  20c.  De- 
Bcrib<>s    fiieii-    maiHifactiire,    properties,  BBld 

gives  Instruellon.s  for  their 


Cascade  Motur  Connections. 

The  use  Ot  a  ModUled  Cascade  Syutftm  of 

Motor  Connections  for  Elevators,  Loeomo- 
.tlves  and  Rolling  Mills.    A.  Heyland.  El^ 

Zelt  .\pr.  2,  OS.  2  Akb,  :{.tOO  W-  Apr.  9. 
2  flgs.   480U  w.  Each  40c. 

D.  C.  Generators. 

Direct-Current  Generators  for  LiRht, 
Power  and  Tramway  Service.  Elecn — ^Apr. 
24,  08.    4  llgB.    SOOO  w.  40e. 

Direct-Current  Turbo-Generators.  Wil- 
fred Hoult.  Mech  Bngr — May  1.  08.  11  Uga, 
4.'*00  w.  4  0c.  Paper  road  before  the  Instl- 
tutiuQ  of  Electrical  Engineers. 

D.  C.  Motors. 

Direct  Current  Motors — Tholr  Action  and 
Control.  VII.  F.  B.  Crocker  and  M.  Ar- 
endt.  Elec  Wld  May  2,  OS,  10  flgs.  1500 
w.  20c.  Describes  those  methods  of  speed 
regulation  which  depend  upon  the  variatloa 
of  the  reinrtnnce  of  the  magnetic  circuit 

SyBleuiatk  Design  for  Direct-Current  Sta- 
tionary .Motors.  H.  O.  Enrich  and  P.  P. 
Whitaker.  Mech  Enpr — Apr.  10,  08.  3  flgs. 
4400  w.  Apr.  17.  G  flgs.  4700  w.  Bach 
40c.  Paper  read  before  the  Rugby  Engi- 
neering Society.  Mar.  12,  08. 

The  Mercury  Arc  Rectifier  and  Its  Use 
With  Small  Direct  Current  Motors.  W.  F. 
Bneed.  Gen  Elec  Rev — U»J,  08.  4 
800  w.  20c. 
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Your  LAST  Opportunity 

ONLY  80  SETS  LEFT 


Owing  to  the  popularity  of  this  little  set  of  classics,  we  purchased  from 
the  publishers  some  time  ago  the  entire  balance  of  the  edition,  and  this 
stock  has  now  been  reduced  to  less  than  100  sets.  When  these  are  gone  no 
more  will  be  available  at  any  price,  and  no  new  edition  will  be  made  or 
could  be  made  to  sell  for  lett  liiui  $5.00  a  aet 


W«liav0mipiiltad 

tor  good.  vhoiMOiiM 


oC  tlw  booki  lllMtrated  iMCMrtth  at  a  m9derate  cost  to 
tlMtliMiiMhalNL  TUm  eichivotimiiMot'tli* 


MASTERPIECES  OF  THE  WORLD'S  BEST  LITERATURE 


oomprlM  the  beet  wiitlnKs  of  over  two  htuidred  Of  the  greatest  aathoni  of  ancient  aad  modern  times,  and 
repreeent  all  ases.  Each  volume  Is  complete  in  itsell. 


Ton  know  the  value  of  good  Jlteratare— Ton  knoir  that  it  reaota  beneflolallr  to  roar  work.  Yon  oan- 
so*  epare  the  time  to  md  luiie  eela  or  boolu.  howevw  «ood.  aad  iraald 

e—il  eat  aneh  aa  thJe.  gtrtegtt*  meat  inteweHng  nogttoM  cf  ttenortd^  greeteet  writtogi.  InthieeeiBill 

books,  the  Olassio.  the  Draiutla.  the  Hnaoroos.  aad  the  Lytle  wrlten  are  taVj  represented.  Ooploiis  Belee- 

tlons  from  Aristophanes  to  Kipling,  from  Afiop  to  Rnotevdt.  are  here  formed  into  a  LlbniyoCover  8even 
Hundred  of  the  Best  Compoeitions  ever  written.  The  Mission  Style  Book  Back  shown  ia  the  Illustration  Is 
Iwltheaeheetof  liooka. 


ActiMi  (uc  al  iMt  wbM  opca.  6 1 7  Mtckta. 


READ  THIS 


  SCKUiacrrASZ.  K.  T. 

PUBLISHKB: 

VHB  BHOUIBBBUrO  DIOIST. 
■BWTOBK. 

DEAR  8m$»I  have  rMt'tTcxl  the  sot  of  the  World's 
Best  Uteiatiits,  aaid  find  Ihom  much  better  than  I  bad 
any  right  loeapass  for  tbeprtos.  Tlwara  haadsomsly 
iMraad,h«fetood,Maarprlat, and  ought  to  lastams- 
tlme.  They  make  a  valaaUe  addition  to  say  library. 


Towns  imly. 


XODNO. 


Sent  prepaid,  fV>r  $2.50,  to  mmj Mtdreea  In  the  United  8UttM« 
II  not  aittiafkctorjr  in  evarf  reapeot  r«tnm  ttaem  to  ma,  and 
Mftandvd.  Order  NOW  beflire  the  edidon  Is  exhausted. 


or  Mexico, 
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Hcatliig  «iif  Moton. 

Heating  of  Ventilated  and  Enclosed  Mo- 
tors. Wilson  Hartnell.  Apr.  16,  08,  2  iigs. 
2000  w.  Apr.  24.  6  figs.  3500  w.  Each 
40  c.  Paper  read  before  the  Leeds  Local 
Section  oC  tll«  lutlttttlon  oC  BlwtriCftl  En- 
gineers. 

High-Speed  Electrical  Machinery. 

Hik'h-Speed  Electrical  Machinery.  Gerald 
Stoney  and  A.  H.  Law;  Mech  Engr— Apr. 
10.  08.  6  figs.  4000  w.  Apr.  17.  5  flgs. 
3000  w.  Each  40G.  Paper  read  before  the 
laatlttitlon  of  Blectrteal  Bngliieenf. 

PMo  nece  l>oi<ign. 

Pole  Piece  Design  for  Dynamos.  E.  A. 
Lof.  llB€ll7 — Wt,  08.  9  figs.  1600  w. 
40e;  GlTes  present  practice  la  the  design 
of  the  puncblngs  an4  data  on  the  plates, 
r!  la  and  bolto  used. 

Xransfonners. 

The  Choice  of  Transformers  for  Central 

Stations.    L.  A.  Starrott.    Blec  Wld — U9y 
08.   1  fig.   900  w.  20c 

LIGHTING.  ' 
BBdcncy  of  If^ht'SonMes. 

On  the  Bfflclency  of  tlie  Most  Common 
Sources  of  Light.  Dr.  H.  Lux.  Ill  Engr — 
Apr.,  08.  1,700  w.  40e. 

Maglietlte  Arc. 

The  Magnetite  Arc.  O.  M.  Dyott.  Elec 
Wld— Apr.  86.  OS.  8  Age.  1,900  w.  20c 

TWDgsten  Lamp. 

Tungsten  Lamp  Development.  A.  H.  Kel* 
eber.  ESleo  Rev — ^Hay  10,  08.  1800  tr.  20e. 

Fi>Aim  jam  CBNiatAi.  stations. 

OhicAgo  Central  Station. 

The  Commonwealth  Edison  Company. 
Elec  Rev— May  16,  OS.  1.")  Aks.  ?>,Vi()0  w. 
20c.  Describes  the  extensive  system  supply- 
ing Chicago  and  Ita  enTlrona. 

Oomblned  Lighting,  Railway  and  Power  Plants. 
Combined  Kailway,  Lighting  and  Exhaust- 
Steam  Plant.  Judson  il.  Doughton.  St  Ry 
Jl— Apr.  18,  08.  4  figs.  1.100  w.  20c.  II- 
lastrates  on  a  amall  scale  the  poBslhility  of 
combining  theae  and  other  fluetttatlag  loada 
to  secure  a  more  nearly  constant  station 
output. 

I'ubiic  Service  Electrical  rtllltics  in  and 
Near  Kokomo,  Ind,  C.  A.  Tuppir.  West 
Eicon— May  d,  08.  5  figs.  4,S0O  w.  20c. 
Illustrates  what  ffiny  bo  accomplished  in 
building  up  an  electric  railway,  lighting  and 
power  distributing  system  and  at  the  aame 
time  Btren^tbeuing  the  industrial  position  of 
an  entire  community. 

TELEGRAPHY  AND  TELBPHONV. 

Automatic  Tvlcphonc  B.VHt<>mH. 

A  Study  of  Multi-omec  Automatic  Switch- 
hoard  Telephone  Systems.  W.  Lee  Campbell. 
Froc  Xmer  Inst  B  E — May.  08.  80  llge. 
9,200  w.   80o.  A  paper  to  be  presented  at 


the  25th  annual  convention  of  the  American 
Institute  of  Electrical  Engineers,  Atlantic 
City,  N.  J.,  June  29-Joly  2,  08.  Dtacaiees 
reasom  Which  make  this  waste  neceasaiy  or 
expedient  In  manually-operated  systems  and 
shows  how  it  can  be  greatly  reduced  in  8y»* 
terns  employing  automatic  switchboards. 

Cablee,  Their  Design  and  Use. 

Tho  Design  and  Use  of  Teleplione  and 
TelP^rraph  Cables.  F.  Tremaln.  Elec  Rev 
(Lond) — Apr.  10,  OS.  7  figs.  2,200  w.  JOc. 
Abstract  of  a  paper  read  before  the  Institu- 
tion of  Kiectricai  Englneera  at  Newcaatle- 
upon-Tyne,  on  Mar.  23,  OS. 

Leakage  iu  Telcpliono  Tronsniiii.siou. 

The  Effects  of  I, callage  and  the  Use  of 
Heavisidcs*  Distortionles.s  Condition  in  Tele- 
phone Transmission.  B.  S.  Cohen.  Blecn— 
Apr.  10,  OS.     M";r     1,000  w.  40c 

Wireless  Tele^^TOptiy  uml  Telephony. 

Radiotelegraphy  and  Radiotelepbony  by 
Undamped  Waves.  Sngg — Apr.  /24,  08.  7 
flgs.  6,700  w.  40c^  Alwtract  of  a  lecture 
at  the  London  Instltvte  by  Valdenar  Ponl- 
son. 

Transatlantic  Wlreles.s  Telegraphy.  G. 
Marconi.  Elec  Engr — May  1,  08.  7  figs. 
25  00  w.  40c.  Lecture  given  before  tibia 
Royal  Institution,  Mar.  13.  08. 

TESTS  AND  MEASURBMBNT8. 
A.-C.  InstmmentA,  New. 

New  Alternate-Current  Instruments.  W. 
E.  Spencer  and  J.  W.  Record.  Blec  Bngr — 
Apr.  10.  08.  4  flga.  4,800  w.  40e.  Con- 
ciKded. 

.'Arcing  Ground. 

Teats  with  Ardng  Grounds  and  Coiinae- 
tloas.  Emat  J.  Berg.  Proc.  Amer.  Inst.  B.  B. 
— ^Hay,  08.   15  figs.    2.200  w  80e  A  pa- 

per  to  be  prosenf  J  it  flm  25th  annual  con- 
vention of  the  Aii.ci  jau  institute  of  Electri- 
cal Engineers.  Atlantic  City,  N.  J.,  June  29- 
July  2,  08.  Describes  a  series  of  teats  made 
in  ortier  that  some  mathematical  expression, 
which  would  represent  these  phenomena  with 
reasonable  aenraey,  might  be  deduced. 

Meter  Testing. 

The  Installation  Laboratory  Testing  and 
Repairing  of  Electric  Meters.  Joseph  B. 
Bakes.  West  Elecn — Apr.  25,  08.  2,400  w. 
20e.  IV.^ — ^Ftormnlas  and  Test  Constanta. 

Resiiitances. 

Construction  of  ResiKtances.  Elec  Enf?r — 
Apr.  21.  OS.  2  figs.  1,000  w.  iOc.  Deals 
With  one  or  two  of  the  more  modern  forma 
of  applications  of  long-standing  devices,  la 
order  to  show  how  care  in  construction  can 
bring  an  otherwise  crude  appliance  to  a 
state  of  considerable  perfection. 

Rotary  Speeds,  Measurement  of. 

The  Measurement  of  Rotary  Speeds  of 
Dynamo  Machines  by  the  Stroboscopic  F^ork. 
A.  E.  Kennelly  and  S.  E.  Whiting.  Proc 
Am.  Inst.  £.  E. — May,  08.  10  llga.  8,600 
w.    80c.   A  paper  to  be  presented  at  the 
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Rest  From  Your  Work 

Have  a  Sttumer  Hone  in  Utcbfielcl  G>U]ily,  Conn. 

Now  IB  THB  TUB  to  bordMinbto  land  In  Betlitoheaa.Lttflli06ldOraotr,Ot,.Owtirlll  bewortli 
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EDWIN  H.  FROST,  R.  F.  D.,  Bethleiiem.  Conn. 


TO  BOOK  BUYERS 


-^y^E  have  just  issued  a  new  iia^paee  catalogue  of  re- 


cently published  Scientific  and  Mechanical  Books, 

which  we  will  mail  free  to  any  n'!,!rr«;<:  on  application* 
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Because  it  publishes  more  practical  mining  articles, 
better  edited  and  better  illustrated,  than  any  other 

It  is  devoted  exclusively  to  practical  Minii^  and  Metallurefy 
Sobsoription  Price,  $2.00  per  year  Sample  copy  on  request 

MINES  AND  MINERALS 

DENVER.   COLO.  SCRANTON,  PA. 


It  will  Be  Uutualljr  Beneacial  to  Sajr  Whero  Tou  Saw  the  Advertisement. 
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2  5th  annual  convention  of  tlu*  American  In- 
stitute of  Electrical  EnRlneera.  Atlantic  City, 
N.  J..  June  29-July  2,  OS.  Describes  a  new 
modiflcatlon  of  the  principle  which  has  beea 
developed  hr  the  snthon. 

Sipark  Coil. 

Construction  oC  a  Spark  OoU.  Bleo  Wld — 
May  S.  OS.  1  fls.  700  w.  20e. 

Tfeaaeifoniier  Teetiag. 

TniiBformer  Testing.  W.  M.  HoUlB.  Blec 

Wld — ^Hay  2,  08.    4  figs.    1,600  w.  20c. 

TRANSMISSION,  DISTRIBUTION,  CONTROL. 

Cabicis  and  Condactom. 

A  Few  Unusual  Bum-Outs  of  Underground 
Cablei.  D.  W.  Roper,  il  Weet  8oc  Bagn — 
Apr..  OS.  11  llge.  7»000  w.  80e.  Ptper 
pretested  Dec  13,  07,  before  the  Weetem 
Boctety  of  Engineers.  • 

Capacity  of  Cables  and  Conductors  for  In- 
termittent Use.  R.  Apt.  Elek  Zeit — Apr.  16, 
08.    7  Ogfl.   3,000  w.  40«. 

The  MBBufaeture  end  Testing  of  Htgh- 
"Tenslon  Cablea.  Blee  Rev  (Lond) — Apr.  17, 
08.    2  figs.    1,500  w.  40c. 

The  Mechanical  Properties  of  Conductor 
Wires.  G.  N'icnlaus.  IClek  Zelt — Mar.  20. 
08.    3  figs.    2,500  w.  20c. 

Oompensatlon. 

Compensation  of  Pressure  Variation  on 
Alternate-Current  Networka  Sappljrlng  Mo- 
tors. A.  Keyland.  Blecn — Apr.  24,  08.  14 
figs.    3,000  w.  40e. 

Distribution, 

Dletrlbtttteo  of  Niagara  Bnergj  in  Attbttra. 
N.  Y.  Blee  Wld— May  8.  08.  7  flgi.  1.700 
w.  SOe. 


Cartridge-Type  Puses.  Elec  Engr — Apr. 
24.  08.  11  figs.  1.400  w.  40c.  Deucribes 
the  enclosed  type  of  fuse  which  is  free  from 
many  drawbacks  of  the  open  type. 

German  Riectrieal  Oode. 

Rules  of  the  Society  of  German  Elortriral 
Engineers,  1908.  W.  P.  Steinthal.  Elec  Rev 
(Lend)— Apr.  10,  08.   1,000  w.   40c.  Ab- 


stract of  paper  read  before  the  Institution  of 
Electrical  Engineers  at  Leeds,  Mar.  19,  08. 

High  Tension  TransmiMlon. 

Power  TraDmBtanloa  br  mgh-ToMioii  Ca^ 
bles.  R.  Apt.  Blee  Bngr — ^Apr.  23.  08.  8 
figs.   2,800  w.   40e.  Paper  read  before  the 

Elektrotechnlacher  Verein,  Berlin,  Feb.  11, 
OS.  Gives  a  reEum6  uf  the  present  state  of 
our  knowledge  with  regard  to  high-tension 
cables,  and  (Hsciisses  the  question  a.s  to 
whether  power  f ransnilRsion  by  Insulated  ca- 
bles at  bigti  pressures  and  over  long  dis- 
tanoee  la  poeilble. 

Insnlalors,  Hlg^TeBslon. 

Some  Notea  on  High-Tenslon  Inaalatota 
for  Overhead  Transtntsstoa  Lines.    C.  J. 

Greene.  Elec  Rev  (T.ond) — Apr,  17,  OS.  2 
figs.  1,600  w.  Apr.  24.  1  tig.  2.100  w. 
May  1.   2  flgi.  0,800  w.  Bach  40c 

Lightning  Protection. 

Comparative  Tests  of  Lightning  Protec- 
tion Devices  on  the  Taylor's  Palls  Transmls- 
alon.  J.  P.  Vaugban.  Proc  Am.  Inst.  B.  B. 
— ^May,  08.  15  flgs.  5,400  w.  80c.  Pre> 
aeated  at  the  aanual  meeting  of  the  Am.  laat 
of  Bleetrleal  Bagrs.  Furnishes  data  obtained 
on  an  operating  line  experimentally "bqalpped 
with  various  protective  devices. 

Studies  iu  Lightning  Performance,  Season 
1907.  N.  J.  Neall.  Proc  Am.  last  B.  B. — 
May.  08.  0  flga.  8.300  w.  80c.  Paper  pre> 
Mated  at  the  aaaual  meeting  of  the  Ameri- 
can Institute  of  Blectrtcat  Engineers,  New 
York,  ^!ay  10,  08.  Discusses  the  general  Im- 
port to  hlKli-tenslon  iraiiymissiou  of  the  data 
gained  in  19  0  7  as  to  lightning  performance 
on  the  Taylor's  Falls  lines,  50,000  volts,  of 
the  Minneapolis  General  Electric  Co.  and  on 
the  Presuinpscot  Electric  Company  feeders 
supplying  power  at  11,000  volts  to  the  Cntt> 
herland  MIIIb,  near  PorUaad,  Me. 

Switchboards. 

Curreat   Tranaformera   aa    Related  to 

Switchboard  Devices.  C.  J.  Barrow.  Gen 
Elect  Rev — May,  08.    2  flgs.    1,500  w.  20c. 

Electrically  Operated  Switchboards. — II. 
S.  Q.  Hayes.  Elec  Wld—May  2.  08.  6  flga. 
8,400  w.  SOe. 


INDUSTRIAL  TECHNOLCX^Y 


Chemical  Engineering. 

Separating  Appliances.  Oslcar  Nagel.  Bl 
Chem  &  Met  Ind — May,  08.  IB  flga.  2,800 
w.  40c.  Deecribes  various  types  of  Alter 
presses  and  centrifugal  separators. 

The  Elements  of  Chemical  Eimineerlng. 
Chem  Engr — Apr.,  08.  14  figs.  4,000  w. 
40c  II.  The  conveying  of  aolld  material. 

Dust  Exiilosioim. 

The  Dust  Explosions  at  Minneapolis,  May 
2.  JS7S,  and  Other  Dust  Explosions.  S.  F. 
Peckbam.  Chem  Engr — Apr..  08.  3.000  w. 
40c 


<aaB. 

Ammoala  ReooTory  la  Connection  with 
Producer  Oaa.  P.  J.  Rowan.  Ir  ft  CI  Tr  Itev- 

— Apr.  24.  08.  8,000  w.  40c.  Paper  read 
before  the  West  of  Scotland  Iron  and  Steel 
Institute. 

An  Improved  Hygrometer  for  Determining 
the  Minimum  Temperature  of  Oas  la  DIatti* 

bution  Maias.    C.  C.  Tutwller.    Am  Gas  Lt 

Jl— Apr.  20,  08.  1  llg.  8,000  w.  20c.  Re- 
printed from  the  Journal  Am.  Chem.  Society. 

Lighting  Incandescent  Gaa  Bumera  Slma4- 
taneouely  and  Inatantly.    Butem  Rallvmy 


JUNK.  1808. 
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Patent  Attorneys 


FRED  W.  BARNACLO. 
ISO  Muna  8t.  NKW  YORK.  N.  T. 


cunvm*  a: 


PftUat  OouBMlor. 

TO  APFLiOAtnai 


EDWARD  8.  BEACH. 


w  rjomm,  tbaomubk  amd  oon- 


C.  L.  PARKER 
Lata  SzaalBflr,  U.  8.  Patast  OSIoa. 

jaroBamr-AT.hk'W  n«  •ougrob  or  PATnm. 

Mnte  MeanA  lUports  mMtanfl  tp  patenUMUty. 
valMltr  urt  tofrfocemcBt.    Pttont  ralta  oonductad. 

for  Inventors  .annt  upon  rwjucst. 

24  Diets  BlOc-.  WASUINQTON.  D.  0. 


PATENTS 


Tr«d«-Marlu,  Lab«U  and  CoprrlshU.  Sand  fcrr  my  ttm 
book.  "How  to  Oet  Them."  it  you  will  aand  ma  a  roogft 
paaeU  d»wtac  aad  deacrlptioa  of  tout  InTaBtloii.  I  inll 
.tfnjmi  mw  ttmMm  m  to  Ito  ptortfillllir.  II  1 
wr  n  ta  purataM*,  It  la,  mat  ym  aMoM  It  pt^ 
antad  at  ones  tod  turn  It  into  monay.  It  It  Is  not  patant- 
abla,  I  will  tell  jo\i  »o.  Ilett  serrlca  In  arery  departmaot. 
Why  not  bara  it?  It  coata  no  mora  and  usually  laaa  Ib 
tha  and.  Do  not  awto  tba  mlstaka  of  applying  tot  a 
staot  until  y«n  lM,n  aant  for  my  fraa  booL  AdTtoa 


JOSHUA  R.  H.  POTTS 


UIWTHR, 

A.  a 


im  VoltoB  BUwit,  Maw  York 


HERE  IS  AN  OPPORTLNITY 

to  obtain  the  INDUSTRIAL  MAGAZINE  for  one  year,  whidi  wiU  contain 
•cMne  qwdally  written  articlet  bj  prominent  engineera  of  wide  eaqierienoe. 

Some  of  the  principal  authors  and  their  subjects  are : 
Undon  W.  BatM  (Mvml  articlM)i  PaoanM  CuuJ 

J.  W.  Ktee  I  ladwtvfel  IUa««jrs  and  Their  Uaea  for  MuBoinetwiag  Pirate 


P.  W.  HMlnlafff  t  TfBwIidoa  ti  Pww  by  Raf* 

The  above  artidet  eooaiat  of  about  97.500  words  and  35  new  photogr^dia. 
THE  INDUSTRIAL  MAGAZINE  is  weU  edited  and  printed  on  fine 
stock,  and  is  worth  fonr  times  its  subscription  price. 

Send  us  your  order  with  Two  Dollars  ($2.00)  ior  a  year's  subscription. 
A  Three  Months'  Trial  Subscription,  50c 

T&E  UmrsnUAL  MAGAZINE 

182S  Ptek  Row  Bnildiiiv,  N«w  York 


tt  will  Be  Untnalljr  BeaeflolBl  to  8er  ^niave  Ton  tew  ^  AdrertUeiMikt. 
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of  Franco.  Hy  Engr  (Lottd) — U^,  08.  < 
llg>.   1.600  w.  40c 

Katttral  and  Artificial  Purifying  Materlala. 

Dr.  L.  J.  Terneden.  Am  Gas  Lt  Jl — May  4. 
0«.  2.700  w.  20c.  From  the  Journal  of 
Qu  UgtOing. 

The  Air  Suppl7  and  niitinliuttliie  Power 
of  Oae-are  Lamps.  H.  Bnnte  and  M.  Mayer. 

Jl  fflr  Gasbeleuf  liti;ri-: — Mar.  28,  08.  S,000 
W.    Apr.  4.    a  liga.    5.400  W.  GOc. 


Glaiis  Machine. 

The  Colbura  Wiodow  Glass  Machine.  So 
Amer — Sfay  16,  08.  8  llgs.  2.000  w.  20e. 
Deeeribes  e  novel  invention  for  drewlns  win- 
dow glass  cMitlnuously  in  any  widtli. 


Stoclc. 

New  Souroes  oC  Paper  Stock. 
Little.    Cbem  Engr — ^Apr..  08. 

40c. 


Artllur 
1.500 


D. 


MARINE  ENGINEERING 


Factora  of  Safety  tn  Marine 

Factors  of  Safety  in  Marine  Engineering. 
Prof.  Johu  O.  Arnold.  Engg — Apr.  2  4,  08. 
4  flgs.  3.400  w.  May  1.  16  flgs.  7,200  w. 
£acb  40c.  Paper  read  before  the  Institu- 
tion of  Naval  ArcUtecta,  Apr  10,  08. 


Vaed  Pomps. 

Feed  Pumps  for  tlie  Italian  Navy. 
Apr.  10.  08.    2  figs.    4  00  w.  40c. 


Ufeboatfl,  Appliances  fur  Muaipulutini*. 

Appliances  for  Manipulating  Lifeboats  on 
Sea-Qoing  Vessel.s.  Axel  Welln.  Jl  Frank 
Inst— Apr.,  08.    14  flgs.    2,600  w.  OOc. 

••Lnwftnnfii,"  Speed  Trials  nnd  Performance  of. 

Siieed  Trials  and  Sprvice  Performnnre  of 
the  Cunard  Turblne-Sleamor  "liusitanla.  " 
Thomas  Bell.  Engg — Apr,  10,  08.  6  flgs. 
6.000  w.  40c.  Paper  read  before  the  Inatt- 
ttttion  of  Naval  Arcbltecta,  Apr.  9.  08. 

Marine  Boiler  Construction. 

German  Methods  of  Marine  Boiler  Con- 
struction.— I.  Prof.  Walter  Mentz.  Boiler 
Mki^Hay,  08.  8  flgs.  2.000  w.  20e. 

"Hauretania,**  Elortriml  Equipment  of. 

The  Electrical  Equipment  of  the  "Maure- 
tania."  W.  C  Martin.  Elec  Engr— Apr.  9, 
08.  6  flgs.  2,100  w.  40g.  Paper  read  be- 
fore the  Institution  of  Engineers  and  Ship- 
builders la  Scotland. 

Ove  Steamer. 

The  German  Turret-Deck  Ore  Steamer 
"Narvik."  B.  Ommelange.  Int  Mar  Bngg-~ 
May.  08.  4  ilga.  1200  w.  20c. 

Making. 

Sail  Making.  Adrian  Wilson.  Int  Mar 
Engg — May,  08.  9  ngs.  5,400  w.  20c. 
First  of  three  arttdea  forming  a  brief  treatiae 
OB  tbe  making  of  aaUa. 


Salvage  Dock  for  Sabmarinea. 

A  Gorman  Salvage  Dock  for  Submarines. 
3c  Am— Apr.  11,  08.  1  fig.  600  w.  20c 
Describes  a  steel  floating  dock  for  mlalng 
sunken  aubmarinea. 


Ship  OoRstnictlon. 

A  New  System  of  Ship  Construrtlon,  J. 
W.  Isherwood.  Engr — Apr.  17,  OS.  2  flga. 
1,500  w.  4  0c.  Paper  read  before  the  IttBtl* 
tution  of  Naval  Architects,  Apr.  H.  QS. 

Cnslnkabio  and  Uncapaizable  Shifm  of  the 
Ooiilaeft  Form  and  System  of  Construction. 
Gen.  E.  E.  Goulaeff.  Engg — Apr.  10,  08.  33 
figs.  6,400  w.  40c.  Paper  read  before  the 
Institution  of  Naval  Architects,  Apr.  S.  08. 


Sblp  Piroipwialon. 

Results  of  Further  Model  Screw  Propeller 
Experiments.  R.  E.  Fruude.  Engg — Apr. 
24.  08.  7  flgs.  4,000  w.  May  1.  2,700  w. 
Bach  40c.  Paper  read  before  the  InsUtutioa 
of  Naval  Arcbltecta. 

Ship-Model  E.xperiments.  H.  Wellenkamp. 
Engg — Apr.  24,  08.  4  flpa.  5.300  w.  40c. 
Paper  read  before  the  Inatitute  of  Navnt 
Architects.  Apr.  10.  08.  Describea  new 
method  of  reaeardi  work  on  fluid 
and  ship  pTopuMott. 


Superheated  Steam  for  Marine 

Note  on  the  Use  of  Superheated  Steam  with 
Marine  Engines.  Felix  P.  T.  Oodard.  EIngr 
— ^Apr.  17.  08.  1  fig.  1.600  w.  40c.  Paper 
read  before  the  Institution  of  Naval  Archi- 
tects, Apr.  8,  08. 


Tori>ed«>.Bo«t«  and  Destroyers. 

Modern  Torpedo-Boals  and  Destroyers.  J. 
E.  Thornycroft.  Engg — Apr.  10,  08.  13 
flgs.  6,000  w.  40e.  Paper  cead  l>efore  the 
Inatltntiou  of  Naval  Arehiteeta,  Apr.  8,  08. 


JVNB,  l«08. 
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NEW  PUBLICATIONS 

JUST  ISSUED 

Economics  of  Railway  Operation 

By  M.  Ij.  Byers,  Chief  Engineer,  MitBlwnnci  «l  W«J|  HIIWDlirl  Paclllo  Railway. 
Bufiknun;  6x9  Inchea;  abont  700  p«i«a;  many  tgnna,  dlagrMns  and  tonu  lUuBtrat- 

Ing  th«  bwt  recent  prmctloe.   95.00.  net 

Tlkla  work  vrlll  be  ffonad  •!  lne«tlinaM«  malm  bjr 

(1)  All  classes  of  rsltwar  •mployew  who  are  ambuious  to  St  th«in««lv«a  (or  higher  poattloo*  WUt 
to  Mcure  a  thorough  knowledgo  01  th«  bviKlr.ei!ii  in  which  they  »r*  ongHRed. 

(2)  Hallway  oStMra  bavlnc  rMpoiulblo  cbarge  of  ibe  various  Oparating  OapartamtS. 

(3)  Attoroera  having  a  prioUW  n«illflaf  •  gMunil  koowlodgo  of  rallvny  VPHMIOM 

(4)  Bngtnacrlng  atudenU  lat«iidtnt  to  nUnr  railwar  ooginMrlDc 

Specifications  and  Contracts         By  j.  a.  Ii.  Waddeo  and  John  a  Wait. 

This  book  consists  of  a  series  of  lectures  delivered  by  Dr.  Waddell,  author  of 
"De  Pontibus,"  before  the  Students  of  the  Beawelaer  Polytedwlo  Inatlcitte,  with 
Notes  on  the  Law  of  Contracts  by  John  C.  Wslt*  M.  0.  S..  UL  B.»  avfhor  oC  "Biiit- 
neerins  and  Archltectunl  Jurlsprudenfie,"  etc. 

Streat  to  latd  on  the  Importanoo  of  the  proper  preparation  of  specifications, 
and  many  examples  an  i  evprci  es  nre  Mfwa  tor  the  um  of  atademta.  Olotb;  7x9  Ins.; 
about  200  pp.    Price,  (1.00  nut. 

Anaiysit  of  Elastic  ArcheM  By  j.  w.  Baiec 

Two-hinged,  three-hfnged  and  UngeleMi  ardiw  of  UuRmry,  Can<»«te  and 

Steel,  are  considered  In  this  work,  both  graphically  and  analytically.   The  author  has 
evolTed  original  methods  and  expedients  whereby  arches  may  be  designed  according 
to  the  elastic  theory  without  the  laborious  calculations  hitherto  necessary.  Cloth; 
6x9  Ins.,  about  300  pp.,  with  many  diagrams  and  folding  plates.    Price  fS.OO  net. 

Railway  Track  and  Track  Work 

By  K.  E.  Rnaaell  Tratman.  A.  H.  Am.  Soc  O.  E.,  Associate  Editor,  Enfl^ineerliig  News. 

Third  Edition,  fully  rewritten  and  with  additional  chapters. 
Cloth,  6x9  Inches;  500  pp.;  about  250  Illustrations;  with  Index  of  over  1200  Head- 

infr;.     i  rU  ',  J3.50,  not.    Ready  In  February.  iLtOS. 
Pre-prlnta  of  earlier  chapters  have  been  Issued  for  use  In  colleges.    Price  of  thJe 
edition  liae  bean  advaneed  feom  9S.00  to  9S.S0  not. 

Dttign     Typical  Sftcl  Railway  Bridges        By  w.  oiiaae  Tbomaon 

Cloth;  6x9  Ira.;  abont  100  pagot:  21  llIuttratloa%  S  ef  «M«h  sra  folding  platoa.  $2.00.  n•^ 
A  aoqual  to  "Bridga  and  Straetoral  DmIcb,"  a  pr«vfona  work  of  tba  author's.  Tho  atmotttNa 
treatad  of  rapraaant  tba  commonest  types  of  ra'ivnr  hri<^^«a,  and  wor«  ehoaan  bacauia  thty  aaamad 
bast  Sttltad  to  Uluatrata  tint  problems  wblcb  occur  cjo.°.i  freviuantly  to  tba  brldga  daslgnar.  Tbay  In- 
eludo  ttis  following:  a  OO-ft  Dack  Plata-Olxdar.  a  100-tt.  Daefe  Warns  OMar.  a  UO-tL  ThKHU^ 
Pratt  Truaa,  a  aOO>fl.  Tillllll<l  FlBtt  THMB  Wtth  OOfVSd  tSp  CiOldi  a  inO>R.  liirlaK  Briin  aad  a 
Railway  Viaduct. 


FORTHCOMING  BOOKS 

Concrete  System  By  Frank  n.  (Silbreth.  ' 

Profuaalr  lUwrttmtad  with  haU>tona  pUtaa.  Una  drawings  and  dUgranu  luUy  dasorlblag  tha  aatbaaa 
ttiaa  by  eoe  oC  tba  aM«t  mooMifU  mttaalMS  la  Oe  «ewitfr. 


Fun  4«teila  0t  theio  and  otiiar  pttbllcatlona  will  ba  aaat  on  raanaat;  alao  In- 
formation ragardlag  any  booko  of  a  or  ganoral  natnra  publUbod  by  otbor 

housee. 

Engineering  News  Book  Dept.,  220  Broadway,  New  York 


It  will  Ba  Mutually  Beneflcial  to  Say  Where  You  Saw  the  Adverttaement. 
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AIR  MAOBINBRY. 

Air  Compressors. 

f      A  High-Speed  Air  GotnprMBor:  Featttre* 

of  Design  and  Results  of  Tests.  Eng  News — 
May  7,  08.    9  flgs.    3  tsbles.    2.600  w.  20c. 

A  Variable-Volume  Air  Compressor  H 
V.  Haight.  Am  Mach — Apr.  30,  08.  5  tigs. 
1,800  w.  20c.  Describes  compressor  iiaving 
an  unloading  devtoe  wblch  varlea  air  deUv< 
ered  by  quartar  loada  and  malatalaa  tall  ooni> 
pound  afflcteiMsr  at  all  tlm«B. 
Fan. 

The  Sirocco  Pan.  Power — Apr.  28,  0  8.  i> 
llgB.  1,800  w.  80c.  Describes  an  efncieat 
tan  BaTfng  radlallyHlltort  curved  blades  and 
capable  of  imparting  to  ttaa  air  a  TOlodtr 
SO<rr  above  that  of  the  drcnmCanntlal 
locity  of  thr-  fan, 
Fltttags  for  Ulgb'Fresaiire  Air. 

Joints  and  Fttttngs  for  High>Pres8ure  Air. 
B.  V.  Haight  and  B.  C.  Batcheller.  Am  Maeb 
— Apr.  23.  08.  27  flgs.  4.700  w.  tOc  De- 
scribes screw-thread  and  flanged  Joints,  and 
metal-to-metal  contacts  and  packings  that 
expand  instead  of  MowlBK  ont> 
Beslstance  of  Air. 

The  ResisUnce  t>f  the  Afr  and  Mr.  BilM*a 
BxperimeDts.  Bngr — Apr.  17,  €  llgl. 

4,800  w.  40c.   

CJore  Binders. 

Core  Binders.   E.  D.  Frobman.   Ir  Ag« — 

May  14.  08.  2,000  w.  20c.  Read  before 
The  Pittsburg  Foundry  men's  Association, 
May  4.  08. 

Cnpola,  Care  of. 

Operation  and  Care  of  tha  Cupola.  W.  8. 
Anderson.  Fdry— May.  08.  2.200  w.  ZOc 
Dlscuaslon  of  present-day  practice  by  an  ex- 
perienced foundrymaii. 

])eii8e  Castings. 

The  Production  of  DeaM  Castings  by  the 
Use  of  Deoxidizing  Materials.  Th.  Oellenklr- 
•Chen.  Stahl  u  Elsen— Apr.  22,  08.  8800  W. 
«0c. 

Hiaieable  Castings. 

Production  of  Malleabia  Castings.  Rich- 
ard Moldenkc.  Fdry— May.  08.  4,400  w. 
20c.  IV. — A  diacuiiaion  of  malleaMo  tttxturss 
and  the  materials  required  iiu  lading  pig 
iron  and  various  elapses  of  scrap. 

Motal  Ooire«Boxes. 

Difficult  Metal  Core-Box  Work.  Ethan 
Vlall  and  J.  K.  Voelcker.  Am  Mach— May 
14.  08.  13  ngs.  2,800  w.  20c.  Telia  the 
beat  materials  to  use,  special  cutters,  lllas, 
scrap' fs,  rliis^-^B,  etc.,  used.  Also  special 
chucks  Slid  appliances  used  on  the  machines. 

Pipe  Casting. 

Casting  Pipe  in  Permanent  Molds.  Edgar 
A.  Custer.  Pdnr— May,  08.  18  flgs.  4300  w. 
2  Go  Describes  a  oontinuons  process  for 
making  soil.  watST  and  gafl  pipe  at  tbe  rate 
of  240  soetlons  p«r  hovr. 


HEATING  AND  VBNTHiATION. 
Air  Wasbing. 

Air  Washing  and  Humidifying  for  Indus- 
trial Purpcses.  Ccmp  Air — Apr..  08.  1  fig. 
8,900  w.  20c.  From  a  paper  read  lielora 
the  Ohio  Society  of  -Mechanical.  ElHcfrlcal 
and  Steam  Engineers,  by  W.  A.  Rowe. 

The  Development  of  the  Air  Waslur. 
Thomas  Barwick  and  Saml.  Kaultman.  Htg 
ft  Vent  Mag— Apr.,  08.  11  flgs.  3.100  w. 
20c.  A  discussion  at  the  recent  annual  meet- 
ing of  the  American  Society  of  Heating  and 
Ventilating  Engineers. 

Co^t  of  House  Heating. 

Cost  Of  Heating  Residences.  Prof.  J.  D. 
Hoffman.  Met  \Vl^r^May  2.  08.  1,400  w. 
20c.  Paper  read  before  the  lodlana  Engl- 
iMsrlng  Socto^. 

Hotp Water  Heating. 

New  Svstenis  of  Hot-Water  Heating.  Hr. 
SkMprik.'   Z  V   D  I — Apr.  OS,     2  flgs. 

2,50ti  w.  60c.  Paper  read  before  the  Alsace 
Lorraine  Local  Section  of  the  Sodety  of  Ger- 
man Engineers.  Describes  the  Goebel  and 
SlMHpnlk  systsus. 

Leakage  of  Air  Throv^  WtBdosfc. 

Testing  Air  Leakage  Through  a  Window. 

Met  Wkr— -Apr,  18.  08.  3  flgs.  2,200  w. 
20c.  Discusses  a  series  of  tests  now  heini? 
made  on  the  roof  of  the  West  Street  Huild- 
Ing,  New  York  City.  ;i  structure  23  Ft<irlc9 
high,  to  determine  the  leakage  through  win- 
dow frames. 

BUIls,  Heating  of. 

Heating  Systsms  tor  Mills.  Bng  Boo— May 
0,  08.  2,900  w.  80c.  Dlseosslon  of  the  di- 
rect radiation,  the  indirect  or  hot  blast  sys- 
tem and  forced  hot-water  circulation  meth- 
ods of  heating  as  applierl  to  mill  biiildiuirs, 
ill  a  paper  presented  before  the  National  Aa- 
Boclation  of  Cotton  ManutaetursTB  by  Mr.  A. 
G.  Hosnier. 

Bt4;um  Heat  in  K. 

Exhaust-Steam  Versus  Live-Steam  Heat- 
ing. Chas.  A.  Howard.  Bng  Mag — ^May,  08. 
1,400  w.  40c.  A  n«gatlT«  argument  as  to 
the  economy  of  beating  boiler  feed  by  Ut* 
steam. 

Modsrn  Steam  Heating  Illustrated.  B.  F. 
Raber.  Dom  Bngg — Apr.  18,  08.  1  fig, 
600  w.  20c.  nr. — The  Divided  Circuit  As- 
tern. 

HOISmrO  AND  BANDUNG  MACBDfSBT. 

Belt  Conveyor. 

Conveyor  System  at  the  New  Klolnfonteln 
.Mill.  Edward  J.  Way.  Eng  &  MIn  Jl  -May 
2,  08.  2  flsis.  B.SOO  w.  20c.  Describes  a 
system  <>f  tx-lts.  some  of  which  work  on 
curves,  others  being  supported  from  towers 
or  mounted  on  turntables  for  handling  coal, 
ore,  ashes  and  waste. 


JVUE,  lOOS. 
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Charles  M.  Samcs 
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WILL  STAND  UP! 

In  Tackle  Block  and  Wire  Rope 
Sheaves  Metalined  Oilless  Bushings 
will  stand  up  under  heavier  loads 
and  will  last  longer  than  any  other 
bushing  made. 

"METALINE" 

(  TradP  Murk  )   KRK>«t«r(>d  In  United  Htatiw. 

Metalined 
Bushings 

(  OILLEKS  ) 

Let  us  send  you  "D"  circular, 
giving  results  obtained  under  most 
severe  conditions.  Catalog  will 
interest  you. 

NORTH  AMERICAN  METAUNE  CO. 

7a  Weit  AveiMC.  Ltag  ItltN  City.  N.  V. 

Tel.  IHO  Orrnnpolnl.    Ono  s<iuaro  from  Ferrloa 


A  Matter  of  Cost 

If  you  could  send  your  circular  letters  to  the  5000  engineers,  de- 
signers, constructors  and  other  technical  men  who  read  each  issue 
of  The  Engineering:  Digest  it  would  cost  for  postage,  at  two  cents 
each,  just  $100,  besides  the  cost  of  envelopes,  printing,  labor,  etc. 
For  less  than  the  cost  of  sending  out  one  circular  letter  you  can 
tell  your  story  for  three  months  to  these  5000  men  through  an 
advertisement  in  The  Engineering  Digest  making  a  direct  appeal 
to  a  large  and  powerful  buying  audience.  Sixty  per  cent,  of  your 
letters  are  thrown  away  unread,  but  The  Engineering  Digest, 
on  account  of  its  character,  is  read  and  preserved  for  reference; 
consequently,  an  advertisement  in  it  is  not  a  transient  matter,  but 
is  more  or  less  permanent. 

Rates  ? 

The  Engineering  Digest,  220  Broadway,  New  York 


It  Will  lie  Mutually  BeneOcial  to  Say  Where  You  Saw  tho  Advertisement. 
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Cablewajrft. 

Chararterlstics  of  Wire  Rope  TramwAJTB 
with  Some  Figures  oa  Cost  of  Oi>eration.  W. 
a  Gemmert.  Eng-CoatT— Apr.  29,  08.  2,400 
V.  20c  SxtracU  from  a  9«p«r  In  the  "Iowa 
BnglnMr,"  Atnca.  Iowa,  for  Jan.,  OS. 

Formulas  for  the  DosiKn  of  Cabloways. 
Edward  B.  Durham.  Eog  News — Apr.  16, 
08.  6  flgs.  4.K0  0  w.  20c.  Gives  derlva> 
tions  of  formulas  used,  with  applications. 

Crane. 

An  English  160-Ton  Wharf  Crane.  Eng 
News— Apr.  16.  08,  1  flg.  900  w.  20c. 
Describes  a  crane  for  handling  ships'  boilers 
and  machinery  which  presents  some  Interest- 
InKfeatarea. 

Hcnrick. 

A  Ught,  Long  Steel  Derrick  Boom.  Bng 
Ree — ^Apr.  18,  08.    8  flgs.    1,000  w.  20e. 

Describes  a  steel  derrick  designed  and  used 
chiefly  for  the  erection  of  structural  steel 
work;  of  Interest  because  of  Its  unusual 
reach  and  lightness  and  for  the  manner  in 
which  the  lead  lines  are  taken  down  through 
the  hollow  niaHt  and  arranged  in  such  a  way 
that  they  l  annot  become  foaled  In  any  posi- 
tion of  the  boom. 

Electric  Hoisting  Machinery. 

Changes  in  the  Design  of  Hoisting  Ma- 
i  chinery  Due  to  the  Adoption  <tl  Bloctrle 
:  Power.  Prof.  Kammerer.  Elek  Zelt — ^Apr. 
•   23,  08.    9  figs.    5,000  w.  iOc. 

Selection  of  Motors  for  Holstlti)?  Work. 

,  R.  M.  Gaston.  West  Elecn  Apr.  2  5,  OS.  C 
flgs.  1,200  w.  20c.  A  lecture  delivered 
before  Lewis  Institute  Braneli  of  tlie  Ameri- 

,  can  Institute  of  Electrical  Engineers  on  Apr. 

}  25,08. 

]pleTators. 

The  High-Pressure  Hydraulic  Elevator. 
,  Wm,  Baxter,  Jr.  Power — Apr.  21,  08.  S 
1  llgt.  1,400  w.  Apr.  28.  10  flgi.  2,100  w. 
f  Kaeh  30e.  Describee  the  eonBtractton  and 
i  operation  of  the  stop-valves  in  the  Otis  ver' 
:  tlcal  and  horizontal  machines,  also  the  elei^ 

tromagnetle  derlces  used   for  operating 

pump. 

9kilit, 

Over-balance    Weight    for  Slnp;le-<lrum 
I  Hoist.    S.  A.  Worcester.    Eng  &  Min  Jl — 
Hay  2,  08.  lllg.  1,600  w.  20c 

Shovels,  Dredgt^rs,  Unloaders. 

Hoisting  Machinery  for  tbe  Handling  of 
i  Materials.   T.  K.  Thomson.  Bng  Mag — May, 
'  08.   25  flgs.    4.300  w.   40e.  IIL— Shorela, 
Dredges  and  Special  Untoaders. 

HYDR\ULlC>i  &  HYDRAUUC  MACHINKRY. 

rtrifugal  Pumps. 
Centrifugal  Pumps.    I.    Sibley  Jl  of  Bng 
—  Apr..  08.    ]0  flgs.    3,600  w.  40c. 

Bydmulic  UngiBerrlng  Education. 

\      Hydraulic  Engineering  at  the  University 

-  o(  Wisconsin.   Daniel  W.  Mead.  Jl  West  Soc 


Engrs — Feb..  OS.  15  flgs.  10,000  w.  80c. 
Paper  read  Sept.  4,  07,  beforo  the  W.  Soc 

Engrs. 

Hydraulic  Presses  and  Jacks. 

Hydraulic  Forging  Press.  Mech  Engr — 
Apr.  24,  08.  8  flgs.  2,600  w.  40c.  De- 
scribes a  design  of  hydraulic  forcing  press 
worked  by  means  of  ateam-hydraullc  intensi- 
fler  apparatus. 

Modern  HvdrauHc  ^Machinery.  Carl  Wig- 
tel.  Cass  .Mag — May,  08.  11  flgs.  1,900  w. 
40c.  II. — Hydraulic  Jack*  and  Presses. 

Hydro-Electric  Plants. 

A  Hydro-Electric  Development  In  Ameri- 
can Fork  Canyon,  Utah,  A.  P.  Merrill.  IStg 
Rec— May  9,  08.    3  flgs.    3,200  w.  20c 

New  Plants  in  the  Mediterranean  Region. 
Blec  Rev—May  9,  08.  4  Arb.  nno  w,  2nc. 
Describes  a  large  substation  of  Alluucb, 
which  is  designed  for  the  supply  of  Mar- 
seilles, principally  over  a  sixty-mile  pole  line 
from  the  BrtUane  bydFauUe  plant  iaatalled  at 
Nice. 

The  mectrlc  Power  Transmission  Plant  of 

the  Rurt  rren  GeBellBChafl.  Prof.  Ranch 
and  V.  li  u  v.  ns.  Z  V  D  I— Apr.  18.  08.  29 
flps.  S.aOu  w.  Apr.  25.  13  flgs.  5,500  w. 
Kacli  ('.!)(.  Describes  the  turbines,  genera- 
tors and  transformers  of  the  hydroelectric 
plant  at  Helmbach.  Germany,  on  the  Rur 
River. 

The  Selection  and  Dereliqinient  of  Alpine 

Water  Powers  for  Electric  Railroad  Power 

Supplies. — I.  W.  Conrad.  Zelt  Oest  Ing  U 
Arch     Apr.  10,  OS.    5  figs.    2,500  w.  60c. 

It-c  Ti-oubl<>s  in  Hydrnnllc  Power  Plants. 

Ice  'I'roubleB  in  Hydraiilir  Power  Work, 
and  Methods  of  Overcoming  Them.  John 
Murphy.  Can  Engr — May  1,  08.  6  fl«s. 
6,000  w.  20c  Address  before  the  Applied 
Mence  Undergraduates  Society  of  MeOlll 
UnlT.,  Montreal,  Feh.  28.  08. 

PltoC  Tube. 

Some  Pitot  Tube  Studies.  Prof.  W.  B. 
Gregory.  Proc  Am  Soc  M  E — May.  o.s.  9 
flgs.  3  tables.  3,800  w.  80c.  Paper  to  be 
presented  at  the  Detroit  meeting  (June  2  3. 
08)  of  the  American  Society  of  Mechanical 
Engineers.  Discusses  the  dtotrllmtlon  of  yw> 
locities  and  pressures  in  straight  and  onrvod 
portions  of  a  six-Inch  water  pipe. 

Scrtnv  l*»imp,  Test  of. 

A  Test  of  the  Screw  Pump  for  Fluahing 
the  Kinnicklnnic  River  at  Milwaukee,  Wis. 
Bng  News — Apr.  28»  08.  1  flg.  1.300  w. 
iOe. 

INTBRNAIt-COMBCSnON  ENODIBB. 

Dcnaturrd  .%lmhol  Fuel. 

Further  TesU  on  the  Use  of  Denatured  Al- 
cohol in  Oasoline  Engines,  Enp  N'ew.s  —  Apr. 
16,  08.  900  w.  20c.  Prom  data  obtained 
at  the  fuel  testing  plnnt  of  tho  Ctaologlcal 
Survey  at  Norfolk.  Va. 
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WHY  THE  OSCILLATING  TOWER  aiMINATES 

THE  DEAD  LOAD 

BY  countorweiKhtint;  a  heavy  window  a  child  can  raise  it,  because  the  child  hasraerely 
to  overcome  the  comparatively  slijtht  resistance  of  friction  of  the  pulleys.  In  like 
manner,  by  providing  an  oscillatin};  tower  we  make  a  cableway  that  is  counterbalanced; 
and,  as  a  result,  the  electric  motor  is  a  cliiid  in  size  compared  with  the  engines  used  on 
any  other  type  of  cableway.  In  brief,  our  mt)tor  does  not  have  to  lift  the  dead  load,  nor 
does  it  have  to  overcome  the  grade  due  to  the  sag  of  the  cable.  Due  to  the  oscillating 
tower  and  its  counterweight,  the  sag  in  the  cable  becomes  less  and  less  &b  the  trolley  and 
its  load  approach  the  tower.  The  counterweight  goes  down  and  the  trolley  rises,  and 
the  result  is  precbely  tiie  same  as  if  ttie  trolley  were  running  on  a  level  track. 


Showing  Batten.*  of  Balanced  Cable  Cranes  at  work  on  the  Erie  R.R.  cut,  Bergen  Hill, 
Jersey  City.    Capacity  of  5  tons  load  lift  at  H<)  ^^H>t  a  minute.    Traveling  speed 
1,.''>00  ft.  per  minute.    But  one  rail  under  each  end  of  cableway. 

Our  catalog  explains  not  only  the  theory  which  accounts  for  this  remarkable  result, 
bat  it  gives  numerous  examples  of  existing  ])lants  whose  operation  proves  the  result. 
Send  for  our  Catalog  E.  D. 

THE  BALANCED  CABLE  CRANE  CO. 

131  WILLIAM  STREET  NEW  YORK  CITY 


It  Will  Bo  Mutually  Ueneflcial  to  bay  Where  You  Saw  ihe  Advcritaement. 
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Design  of  Imrico  Bngineii. 

Standard  Designs  and  Construction  of 
Large  Qaa  Eoginee. — II.  F.  B.  Jaoge.  Ir 
Tr  Rev — Apr.  16,  OS.  IS  figs.  4,000  w.  SOe. 

Gas  EnKinos. 

A  2.000-HP.  Gas  Engine  Blowing  UnlL 
Hachy — May,  08.  9  figs.  3,<100  w.  iOc 
aives  detoilft  of  the  2.000-hp.  WestlaglioQse 
borisontal  double-acting  gas  engioe  tormltig 
one  of  the  blowing  unite  tor  tbe'  Bdfar 
Thompson  Steel  Works. 

Tandem  Gas  Engine  at  Watson-Stillman 
Plant  Georgp  Malcolm.  Power — May  5, 
08.  8  figs.  2,[*00  w.  20c.  Describee  a 
double-acting  Landem  machine,  the  conetruo- 
tlon  of  whldi  dtftera  materlallir  Itom  the 
conventional  type. 

.  .Govemins. 

The  GoTernlng  and  the  Regularity  of  Chia- 
Bnglnes.  James  Atkinson.  Engg — Apr.  17, 
08.  41  figs.  8.500  w.  40c.  Paper  read 
before  the  Institution  of  Hechattleal  Engt- 
neers,  Apr.  10,  08. 

HP.  FVIctton  Loeaes  and  Rfflclencea. 

Tlie  Horse-Power,  Friction  Losses  and  12ffl- 
dencie.s  of  Gas  and  Oil  EnRlnes.  Lionel  S. 
Marks.  S  n^'M.  ;?.9  00  w.  SOc.  Faper  to  be 
presented  at  the  Detroit  meeting  (June  .23- 
26,  08)  of  the  American  Society  of  Median- 
leal  Engineers. 

producer  Gils  Plnnt,  Test  of. 

Test  of  a  Suiail  Suction  Gas  Producer 
Plant.  Prof.  U.  B.  MacF&rland.  Jl  West  8oo 
Bngra — ^Apr.,  08.  9  1^  f,«00  SOe. 
Paper  presented  before  the  Weatem  Sodet^ 
of  Bnglneers. 

'  B|nlngB  fDP  flaa  Bnsbw  Valvea. 

The  Design  of  Springs  for  Gas  Engine 
Valves.    P.  E.  Whittlesey.   Machy — May,  08. 

I,  500  w.  40c. 

Starting  by  C<)jr»iiressed  .\lr. 

The  Starling  of  LurKo  Gas  Engines  by 
Compressed  Air.    P.  .\Ieytr.    Z  V  O  I— Apr, 

II,  08.    21  figs.    3,&0  0  w.  cOc. 

.MACHINE  PARTS. 

Bail  lleariugs. 

The  Factor  of  Safot.v  in  Ball  Bearings.  G. 
T.  Renuerfelt.  Am  Mach — May  7,  08.  10 
flga.  2,400  w.  20e.  matee  that  four  balla 
are  an  adyantageoua  number  to  uee  in  a 
bearing  and  deecrlbee  a  new  spherical  roller 
and  several  bearing  designa. 

Belt  Trnn^mlsslftn. 

D«leriiiiiiaiiou  of  the  I^orrps  In  Dt'lt  Traiin- 
niisslon.  F.  Xiotharanicr  and  R  C/.i'pek.  Z 
V  D  I — Apr.  25.  08.    6  ligb.  w.  60c. 

Dynamometer  Dynamo  Belts.  Jas.  F.  Hobart. 
Elec  Wld— May  2,  08.  8  flga.  2,100  w.  SOe. 
Gives  methods  whereby  the  power  trans- 
infttr'd  can  bo  calnilated  from  obserTatlon  of 
tLe  baj^  of  the  belt. 

Till'  l-:rTii  lr:u<  ',  III  licit  Drives.  Karl  Kchea. 
Zelt  Oest  lag  u  Arch — Apr.  17,  08.    12  figs. 


4,000  w.  60c.  Mathematical  study  of  Bach's 
and  Gehrken's  work  on  the  subject,  with 
diagranu,  tables  and  illustrative  examples. 

Brakes  and  Clutches. 

Clutches.  Henry  Souther.  Pr  "oc 
M  E — May,  Os.  47  figs.  12.6'"ic  v..  i,oc 
Paper  read  May  12  In  New  Y  i  l.  defure  the 
American  Society  of  Mechanical  Euglnenra. 
Describes  the  various  forms  of  friction 
clutches  with  spedal  reference  to  automobile 
requirementa. 

Design  of  Electromagnetic  Brakes.  J. 
Nikonow.  Elec  Wld — Apr.  18.  OS.  12  figs. 
S.riOO  w.  20c.  Discusses  several  sf)  rial 
point.s  of  prime  importance  which  must  b© 

ronRldered  in  connection  With  thS  design  Of 

the  brake  itself. 

Chain  Drive. 

Power  Transmission  by  Chain.  Edward 
T.  Flax.  Cass  Mag— May,  08.  14  figs.  3.600 
w.  4  Oc.  Describes  a  nnmber  of  chain  drlvM 

nnri  •heir  uses. 
Connecting  Rods. 

Dlmenslona  of  Bngine  Parts  (ccmneetUis 
rod  ends).   B.  H.  Lane.  Power — May  is, 

08.    3  flgs.    2,300  w.  20e. 

Proportions  of  Connecting-Rod  and  Bear- 
ing Caps.  Charles  H.  Lubcke.  Power — Apr. 
28,  08.  S  llgs.  1,700  w.  SOe. 

Boring-Bone  Gears. 

Experiments  with  HerrlnK-Bone  Gears.  C. 
Bach.  Z  V  D  I — Apr.  25,  OS.  11  figs.  1.400 
w.  60c.  Shows  that  with  accurately  cut 
gears,  transmission  efflcicncies  as  high  as 
94%  may  be  attained  when  the  pressure  at 
the  contact  of  the  teeth  ia  not  too  eacssdvs. 

Link-Belt. 

The  Proper  Way  to  Use  Idnk-Belt  Staon- 
ton  B.  Peck.    Am  Hadi>-~May  14,  OS.  11 

flgs.    1.100  w.  SOe. 

Pislon  Rings. 

Piston  Rings  of  Unifom  Strsngth.  W. 
Osborne.    Am  Msdi — ^May  7,  08.    4  flga. 

600  w.  20c. 

MATBRIAIiS. 

Oast  Iron. 

The  Tensile  Strength  of  Cast  Iron.  F.  J. 
Cook.  Castinga— May,  OS.  11  flgs.  ll.SOO 
w.  SOc.  Papar  rend  at  a  meetinf  of  ihm 
Blrmlnghaai  Asaodatton  of  Meebanlcnl  Bup 
gineers. 

Bardness. 

Hardness  in  Steel  and  Its  Varialion«  Al- 
bert F.  Shore.  .\ni  Mach — -Apr.  30.  OS.  5 
flgs.  3,600  w.  2i)c.  Describes  crystal  and 
non-crystal  hardness,  refractory  hardness 
and  density  hardness,  and  real  and  apparent 
hardnees  caused  by  alloying  material. 

*  Investigations  on  the  Hardness  of  Metals. 
—I.  E.  Meyer.  Z  V  D  I  -  .Apr.  25.  OS.  10 
fii,-s,  7,5110  \v.  r,0c.  Describes  experiments 
wit)i  the  Brinell  ball  testing  machine  on  a 
iarp;t'  number  of  oommerdal  metals  and  al* 

loys. 
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Smooth  Talks 

ON 

Rough  Files 

TALK  No.  3 


MONEY  SAVING 

The  man  that  buys  his  own  file  never 
accepts  a  substitute  for  the  Delta. 
He  insists  on  getting:  the  file  that  will 
cut  quicker  and  last  longer  than  other 
files.  Every  file  turned  out  of  the 
Delta  factory  meets  these  two  re- 
quirements. All  thought  of  expense 
is  put  aside  to  give  you  the  best  file 


DELTA 

that  can  be  produced  from  the  best 
crucible  steel  by  expert  workmen. 
That  is  why  you  can  accomplish  more 
with  less  effort  than  you  can  with 
ordinary  files.  Get  acquainted  with 
the  Delta  quality.  Your  dealer  has 
them.  If  not,  accept  no  substitute 
and  write  us.  We  will  give  you  the 
name  of  one  that  will. 


DELTA  FILE  WORKS 

CARVER  FILE  COMPANY 
3  2  3  0   Frankford  Avenue 

PHILADELPHIA 


There  is  'But.  One  Standard 
Publication  Upon  All  Forms  of 
Portland  Cement  Construction 

Concrete 

Published  Monthly.   Price  $1.00  per  year 


q  CONCRETE  is  the  most  widely  read 
journal  in  its  field  and  has  the  largest 
bona-fide  circulation  among  that  class 
of  people  directly  interested  in  the 
cement  and  concrete  industr>'. 

flits  editorial  matter  is  practical  and 
definite.  It  carries  more  advertising 
than  any  other  journal  in  this  field  and 
its  advertisers  are  reliable. 

Send  7 en  Cents  for  Sample  Copy 


Cement  Sidewalks 


Q  Plain,  everyday  advice  on  how  to 
make  cement  sidewalks  is  contained  in 
our  new  booklet,  "Cement  Sidewalks." 
This  booklet  covers  every  part  of  side- 
walk making  and  is  designed  for  prac- 
tical purposes.  It  is  small  and  will  fit 
into  your  coat  pocket.    Price  25  cents. 


Concrete  Publishing  Co. 

235  Newberry  Building,  Detroit.  Mich. 


It  will  Be  Mutually  BeneSclal  to  Say  Where  You  Saw  the  Advertisement. 
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MSCHAXICS. 
ConB«cdB|r  Rods,  Defleetlcm  of. 

Doflpctlon  In  Connecting  Rods.  F.  Thonet. 
Roy  d  Mec  Mar.  :n .  (IS.  1.5U0  w.  $1.80. 
.Mathoniatioal  proof  that  the  deflection  of  a 
coiiplint;  rod  is  practically  double  that  of  a 
( oiinec  ting  rod,  the  Mine  effon  being  trane- 

mitted. 
Dj.sk.H,  Strength  of. 

Forms  of  Rotating  Disl^s  of  Kqiial 
Strength. — I.  A.  Leon.  Zeit  Oest  log  u 
Arch — May  1,  OS.  9  llgB.  3,S00  w.  60e. 
Mathematical  study. 

Eccentric  Compression^ 

Bcoentrlc  Comprenlon.  P.  Thonet  Bev 
d  Nee— Mer.  SI.  08.  3  flgu.  1.000  w.  fLSO. 
Gives  method  of  detennlning  the  actlTe  sec- 
tion of  n  round  bar  compressed  ecfeiitrlcally, 
the  tcusiou  in  the  material  uut  bviug  con- 
sidered. 

43rephlcal  Charts. 

The  Construction  of  Graphical  Charts. 
John  B.  Peddle.  Am  Mach— May  1 1,  08,  14 
figs.  7,500  w.  20c.  Sliows  how  charts  ar« 
plotted  from  oquations  by  analyzing:,  substi- 
tuting values  and  selecting  scales,  giving  ez- 
amplee  Including  an  allnement  chert. 


In  CHhiMS. 

Maximum  Stresses.  JohB  8.  Hyen.  Machjr 
—May,  08.  4  figs.  5300  w.  .40a  II. — ^De- 
8crib(<s  moments  in  two  planee  and  erane  and 

telpher  girders. 

METAIi  WOBKIXO. 

Annealing. 

The  Heat  Treatment  of  Steel.  E.  R.  Mark- 
ham.  So  Mach — May,  08.  2  figs.  2600  w. 
20e.  III. — Annealing. 

Dvretall  Slides  and  Vs,  Meusurctnent  of. 

Measuring  Dovetail  Slides,  Gibs  and  Vs. 
Frank  H.  Scheu.  Am  Mach — Apr.  23,  08. 
17  figa.  0  tables.  1,400  w.  20c.  DMcribes 
the  nee  of  wires  of  known  dlameteni  tn  the 
aecnrate  meaeurement  of  male  and  female 
dovetalla  and  V'a  of  Tarloua  anglea. 

Drop  and  Stamped  Forgings.  Joseph 
Homer,    Machy — May.  08.    29  flgs,  3,600 

w.  -lOc.  n<-.«cribes  processes  used  and  the 
methodb  of  constructing  the  dies  employed. 

Flanging  Press. 

A  Large  FlariRinp  Press  for  Boiler  Sheets, 
"Wm.  J,  WIthem.  Am  Mach — Apr.  30,  08. 
8  flgs.    600  w.    2  0c.    De.scribes  a  i>rcs8  with 

only  two  side  supports  on  which  various  com- 
plicated ahapea  are  forged. 
CtolynnlBlng. 

Protection  of  Iron  and  Steel  Surfaces  by 
Means  of  Zinc.  Sherard  Cowper-Coles.  Elec 
Clicni  &  Met  Ind — May.  OS.  1?  rii,'3.  4,500 
w.  4  0c.  R<^Runi6  of  the  met  hods  of  pro- 
tecting iron  and  steel  and  surfaces  by  means 
of  zinc,  given  before  the  OlasgOIT  Teehnl4»l 
College  Sclentlflc  Society. 


Clear  Cutting. 

Hevel-Oear  Planing  Attachment  for  the 
Sbaper.  Am  Mach — Apr.  23,  o^.  2  figs. 
l»000w.  SOe. 

Oear-Cutfing  Machinery.  Balph  E.  Flan- 
ders. Machy— May.  08,  20  figs,  7,000  w. 
40c,  Continues  the  discussion  of  machines 
for  cutting  the  teeth  of  worms  and  of  spiral 
and  herring-bone  gear*. 

(iiin  Mnnufarturc. 

Big  Gun  Making  in  Sweden,  Engr — May 
1,  08,  11  figs.  3,700  w.  40c,  Describes 
methods  employed  at  the  Aktiebolaget  Bo- 
fora-OuIlspAng  near  the  western  boundary  of 
Sweden's  central  ore  region. 

Jigs  and  Fixtures. 

Jigs  and  Fixtures.  Einar  Morln.  Machy 
— May.  08.  12  figs.  ZlOO  w.  40c,  II. — ^De- 
scribes devices  for  guiding  drills. 

Leveling  Planers,  etc. 

PreeialoB  Levels  and  Accurate  Leveling. 
Am  Mach^Apr.  80,  08.  0  figs.  1.300  w. 
20e.  DestTlhee  the  setting  of  boring  mill  up- 
rights with  a  novel  form  of  level  and  the 
leveling  of  planers  properly  for  accurate 
work  by  means  of  suitable  appUnnoes. 

Lubricants  for  Metal  Cutting. 

Lubricants  Used  When  Machining  Various 
Materials.    S.  J.  Kelley,    Am  Mach— Apr. 

30,  08.    400  w.  200. 

MacliiB«<^op  Methods. 

Detailed  Instruetlons  for  Vaehlne-fflun^ 

Methods.  Holden  A.  Evans.  Am  Mach— 
Apr,  23,  08,  10  figs.  3.200  w.  20c,  De- 
scribes a  plauulnK  department  whicli  plans, 
routes,  orders  material  for  and  controls  all 
production  at  the  Mare  Island  Nmvy  Yard. 

General   Instructions  for  Machlne4hop 

Methods,    Holden  A.  Evans.    Am  Maeh — 

Apr.   IG,  Ofs.     2  flpa.     4,70fi  w      20c.  De- 
scribes a  Hvsteni.  the  followiug  of  which  d(»- 
velops  connected  reports  and  records  of  riu 
terial,  labor  and  product,  and  promotes  etti- 
ctency. 


Mechanical   Equipment  of  the  Ottawa 

Mint.  A.  H.  W.  Cleave.  Can  Blec  News— 
xMay,  OS.  19  figs.  5.200  w.  20c.  Paper 
read  before  the  Canadian  Society  of  Civil 
Engineers. 

Oxy-Hydr«gen  Welding. 

Oxy-Uydrogen  Welding.  Frank  Koester. 
Elee  Wld— May  >,  08.  3  flgi.  3.000  w.  SOc. 

Spiral  Roiling  of  MetaL 

Spiral  Rolling  of  Metal.  0.  Clerkenwelt 
Am  Mach — Apr,  16,  08.  1  fip.  4  00  w.  2  0c. 
Describes  a  roIlhiR  proeetis  by  which  the  au- 
thor has  successfully  made  solid  balls,  coni- 
cal bullets,  beaded  wire,  screw  blanks, 
pointed  pins  in  a  variety  of  shapee.  and  many 
articles  that  would  be  Impossible  by  any 
other  method. 
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THIS  CUT  shows  the  only  double  pump  Hydraulic  Jack  of 
this  form  on  the  market.    This  Jack  is  operated  in  the  ustijl 
way,  excepting  that,  when  both  pumps  are  used,  the  valve 
handle  must  be  turned  to  the  left :  when  one  pump  only  is 
used,  it  must  be  turned  straight  downward.    The  lowering  is  done 
by  turning  the  valve  handle  to  the  right  or  by  using  the  lever  in 
the  ordinary  manner. 

RICHARD  DUDGEON 

Inventor,  Patentee  and  Original  Manufacturer  of  the  Hydraulic  Jack, 
BROOME  AND  COLUMBIA  STREETS       ::        NEW  YORK 


JESSOP'S  STEEL 


Wm.  Jessop  &  Sons,  Ltd. 

MANUFACTORY.  SHEFFIELD.  ENGLAND 

Chief  American   Office     91    John  Street 
New  York.  N.  Y. 


To  Secure  Good 
Results 
Buy  It 
For  Tools 
Mining  Drills,  etc. 


Rife  Hydraulic 
Ram 


Pamps  Water  by 
Water  Power 

Town  Water  Works 

lailrud  TaiAs  Ceuntry  Ntmet  Irrifjlion  Greenfeouus 
Nt  Attention   Nt  Eipente    Runt  ContimiMitly 

Opo.liag  under  l6ioclx«  lo  50  leet  f^l.  EJerato  water  V) 
fed  each  toot  oi  f«ll.  6.000  in  luccoihij  ofwratioo.  Sold  on  30 
dart*  trial.    Catalog  and  eatimat.  frae. 

RIFE  HYDRAULIC  RAM  COMPANY 
2160  Triaity  BuiUioc  NEW  YORK 


SELF  EDUCATION 

TEACH  YOURSELF  AND  INCREASE  YOUR  WAGES 

ONLY  DRAKE'S  PLAINIY  WRITTEN 

PRACTICAL  BOOKS 

CAN  TEACH  YOU  WITHOUT  THE  AID  OF  INSTRUCTORS 


Kviry  volume  positively  UP-TO-DATE  and  written 
ill  a  lantmaire  oo  plain  that  cviti  a  child  can  umler- 
^tnn<l  DRAKE  fa  thi-  lurk.'(-t>t  i>ilMii«her  n(  Modem 
Mechanical  Booka  for  homo  and  ahop  aludy  in  the 
world.  \S'f  piiMi-h  (ood  KnokR  nil  <-vcry  tiu-i  h»lilriil 
MibjtM't.  Our  larce  illuatratod  Catalog  bow  ready. 
Sent  fraa. 

FREDERICK  J.  DRAKE  8c  COMPANY 

350  Wabaah  Avenaa        CHICAGO.  U.  S.  A. 

In  onlerlni:  our  rataloK  pleue  mention  this  i.iu"  r 


THIS  BOOK  IS  INDISPENSABLE 
to  DESIGNERS  and  DRAFTSMEN 

For  it  contains  an  immense  amount  of  matter  on  pipes,  fittings  and  valves,  etc 
2500  have  been  sold — 3d  edition  ready  soon.  Extra  tables  to  2d  edition  25c., 
or  bound  together  for  75c. 


S<i  Edition.  7S<>. 


Read  "DRAHING,"   the  new  magazine 

Four  DATA  SHEETS  each  month  $1.00  per  year 

Sent  with  3d  edition  of  book  for  $1.25 

THE  INLAND  PUBLISHING  CO..  Collinwood,  O. 
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Time  Recorder  for  MacJilnes. 

A  Time  Recorder  for  Machine  Tools.  N. 
D.  Chard.  Am  Mach — ^Apr.  16,  08.  5  llga. 
1.000  w.    SOe.    Oeierlbcs  an  apparatua  In 

which  lines  are  automatically  drawn  on  a 
revolving;  chart,  graduated  In  hours  and  min- 
uteB,  whirh  reoord  working  and  idle  time  for 

any  machine. 

REFRIOUKATIOir. 

Brine  Cooler. 

Maximum  Capncltv  Too  Tank  and  Brine 
Cooler.  F.  A.  Rider.  Cld  Sto  &  Ice  Tr  Jl — 
May.  OS.   1  flg.   790  w.  aOc. 

Ctalcium  diloride. 

Calcium  Chloride.  S.  W.  Calhoun.  Ice 
&  Rofrig  May.  OS.  1  300  w.  40c.  States 
aome  advanta^^oR  and  disadvantages  of  the 
nee  of  caletum  chloride  in  place  of  salt  for  lee 
making  or  refrigeration. 

SHOPS  AND  BUILDINCHBw 
BCangarlan  Knglncerlng  Works. 

The  HuQgarian  State  Engineering  Works. 
— II.  Bngr — ^Apr.  10,  08.  6  flga.  8,800  w. 
40c. 

Mairaftictiirtng  Plairie. 

Location,  Arrangement  and  Construction 
of  Manufacturing  Plants.  George  M.  Brill. 
Jl   West  Soc  BDgre — Apr.,  08.     16  flga. 

8,900  w.  80c. 

Power  for  Fttctorie*. 

Power  Equipment  for  the  Small  Factory. 
.  Perclval  R.  Moses.  Eng  Mag — Mar.,  08.  29 
llgs.  6500  w.  40c.  Presents  the  problems 
oonfronting  the  dealgner  of  factory  efttlp- 
uent.  and  ahowe  the  more  Important  Cactors 
which  should  receive  consideration  In  deter- 
mining the  charaeter  of  the  plant  so  that  It 
may  do  Its  work  In  the  most  ecoDomtcftl  way. 


STEAM  BNOINBBIUNG. 


ers. 


Cement  and  Concrete  for  Boiler  Settings. 
R.  I.  Blankney.  Power— -Hajr  6,  08.  8  llgs. 
2.400  w.  20c. 

Some  Notes  on  the  Boiler  Blow-Off.  War- 
ren H.  Miller.    Bng  Reo — May  9,  06.   1  fig. 

2,1U0  w.  20c. 

Some  Kesultsi  Due  to  Improvement  In 
Boiler  and  Furnace  Deilgn.  A.  Bement.  Jl 
West  Soe  Bngra — ^Apr..  98.  7  figs.  7,800  w. 

80c.    Paper  presented  before  the  "Western 
"  Society  of  Engineers,  Dec.  18.  07. 

Oondensere. 

'I  he  Influence  of  Air  on  Vacuum  In  Surface 
CnndenserH.  D.  B.  Morlson.  Bngg — Apr. 
IT,  (I  V  I :;  figs.  6,600  w.  40c.  Pa[>fr  road 
beiofp  the  Institution  of  Naval  Architects, 
Apr.  9,  08. 

Damper  Rc»{rnlatrvr^. 

.Aiitomati«'  Damper  Regulators.  W.  H. 
Wakeman.  Elec  Wld — ^Usy  2,  08.  7  flgS. 
1.700  w.  20c. 


Feed  Water  iinil  lia  Heating. 

Tests  on  Live  Steam  Keed  \Vater  Heating. 
Sydney  B.  Bilbrough.  Power — May  18,  08. 
1  llg.  4,300  w.  20c.  Describes  expertmettts 
condttcted  In  South  Africa  to  observe  the 
beat  trantmlsslon  through  boUer  plate  under 
varying  conditions. 

The  Substantial  Advantages  of  Steam-Hot 
Feed  Water.  Svdnev  A.  Reeve.  Eng  Mag— 
May.  08.  800  w.  40c.  A  rejoinder  to  the 
criUciam  of  Mr.  Howard  In  the  aame  number 
of  the  magazine. 

Water  for  Biconomlcal  Steam  Generation. 
J.  C.  Wm.  Greth.  Eng  Mag— Mar..  OS.  8 
flgs.  8,000  w.  40c.  Gives  statistics  for  a 
largo  niimlier  of  cases  showing  the  saving 
due  to  the  installation  of  proper  water-soft- 
ening apparatus. 

Ftael. 

Fuel  Specifications  and  Contracts,  Wm.  D. 
EnnlB.  Eng  Rec — Apr,  25,  OS.  6.0  0  0  w. 
20c.  Discusses  the  "heat-unit"  basis  for  tbe 
purchase  of  coal. 

Fuels  fur  Power.  Prof.  Vivian  B.  Lewes. 
Prog  Age — May  15,  08.  6.500  w.  20c. 
Fourth  of  a  series  of  lectures  delivered  Iw* 
fore  the  Society  of  Arts,  London. 

Heiatlve  Value  of  Coal  and  Oil  Used  as 
Fuel.  R.  F.  Chevalier.  Jl  of  Bl  Power  & 
das — May  f .  08.  800  w.  29c.  Gives  data 
taken  from  tests  made  on  the  nme  type  of 

boilers  ("Parker  Water  Tube"). 

Smokeless  Fuel.  Prof.  V.  B.  Lewes.  Prog 
Age — May  1,  08.  6,900  w.  20c.  Third  of 
a  series  of  lectures  delivered  before  the  Sck 
dety  of  Arts,  liondon. 

Spontaneous  Oombustion  of  Coal.  Prof.  Ar> 
thur  Lakes.  Min  &  Mln  (Denver) — May  i, 
08.  1  flg.  1,-100  w.  20c.  A  paper  read  be- 
fore the  Colorado  Scientific  Society.  , 

The  Purchase  of  Coal  on  a  Scientific  Basis. 
John  B.  C.  Kershaw.  Cass  Mag — May.  08. 
8,400  w.  40c.  Propooca  method  based  on 
the  calorlfle  value  of  the  fool. 

Utilization  of  Fuels.  Prof.  Vivian  B.  Lewea. 
Prog  Age  Apr.  15.  08.  5,500  w.  20c.  Sec- 
ond of  a  series  of  Cantor  Lectures  entitled 
"Fuel  and  I(b  Future."  delivered  before  the 
Society  of  Arts.  London. 

Mechanical  Stokers. 

Mechanical  Stokera.  John  £.  Barnes.  Blee 
Bngr — Hay  1,  08.   8300  w.   49c  Abstraet 

of  paper  read  at  the  Institution  of  Mechan- 
ical Engineers  Graduates'  Aasoclation.  Apr. 
13.  98. 

Power  Co^ts. 

Producing  Power  at  Lowest  Cost.  Wll- 
liuiii  .1.  Lees.  Factory — Apr.,  08.  3  figs. 
3100  w.  40c.  VI. — Keeping  Power.  House 
Records. 

The  Cost  of  Power  in  Small  Units.  Wm. 
E.  Snow.  Eng  Mag — May.  08.  2700  w. 
40c.  Gives  tables  containing  the  general 
averages  of  data  obtained  in  over  thirty 
small  power  plants  loejited  In  different  parti 
of  the  United  States. 
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OUAWINO  IURS 

KTCRNAL  WRITINO  INK 

CNaRosaina  ink 

TAURINE  MUCILAOC 
PHOTO  MOUNTM  MWTI 

onAwiNa  BOARP  mvrc 

LIQUID  PASTC 
OFFICE  PASTE 
VeOCTABLE  GLUE,  ITC. 


Are  the  Finest  aii  Best  Goods  of  Their  Kind 


Emancipate  yonndf  from  the  use 
of  corrosive  and  ill-smelliDg  inks  and 
adhesives  and  adopt  the  Higgflns 
Inks  and  Adhesives.     They  will 

be  a  revelation  10  you,  they  are  so 
sweet,  clean  aod  well  pat  ap.  For 
home,  office  or  scibool  OMtb^ara 
aaexcelled. 


AT  DEALERS  GENERALLY 


CHAS.  M.  HIGGINS  &  CO.,  Manufacturers 

Braflcbes:  Chicaoo,  London  :::  271  Nuth  Street.  BROOKLYN.  N.  Y. 


BUFF 


ENGINEERING 
INSTRUMENTS 


M  A  BMff 


Company 


The  "Buff" 
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Sllde>Talve  iMafnun. 

A  Handy  Slidc-Valve  Diagram.  H.  J. 
Zelper.  Power — Apr,  21,  OS.  1  Hg.  2300 
w.  20c.  Describes  and  illustrates  a  con- 
venient diagram  for  laying  out  the  move- 
ments of  valves,  .determining  the  different 

cN'cnU,  and  designing  valves  and  valve-gear. 
Steam. 

Energy  from  Expansion  of  Steam.  Prof. 
I^dney  A.  Reeve.  Power — Apr.  2X.  08. 
4  Hkb.   1400  w.   20e.   GlTM  slmplo  dtarU 

by  the  use  of  which  the  energy  developed 
by  steam  in  expanding  between  given  limits 

Boay  be  determined. 

Investigations  o£  the  Pressure  and  Tem- 
perature drop  of  Saturated  and  Superheated 
ateam  Flowing  in  Pipes.  C.  Eberle.  Z  V 
D  I— Apr.  11.  08.  4  llgl.  6000  w.  Apr. 
18.  5  Use.  6500  w.  Apr.  26  <Coiid.).  2 
Jlgi.    5600  w.  with  ezftmples.   ^Baoh  60c. 

The  Thermal  Properties  of  Superlieated 
Steam.  Prof.  R.  0.  H.  Heck.  Proc  Am  Soc 
M  E — May,  08.  7  flga.  :?  tables.  7600  w. 
80c.  Paper  to  be  presented  at  the  Detroit 
meeting  (June  23-26.  08)  Of  the  American 
Bocletr  of  Medianical  Bnglneen.  Goatpares, 
dtaeuisee  and  eomblnea  the  best  BTattable 
data  In  regard  to  the  apeclflc  heat  of  super- 
heated  steam,  to  determine  as  nearly  as 
may  be  the  true  value  and  manner  of  varia- 
tion of  that  quantity,  and  to  derive  a  num- 
erical (able  which  shall  be  as  reliable  and 
convenient  for  general  use  as  is  the  ordinary 
table  of  the  propertlea  ot  Mturatad  ateam. 

Stoiun  Engines. 

A  Liarce  Twin-Tandem  Oompoand  Direct- 
Connected  Rereralng  HIU  Encflne.  Ir  Tr  Rev 
— ^May  7,  08.  9  flga.  4600  w.  20c.  De- 
scribes and  Illustrates  a  twln-tandem  com- 
pound, condensing,  direct-connected  revers- 
ing engine.  20,000  HP.,  probably  the  largest 
and  hMTleit  ot  Ita  type  built 

Engine  Knock* — ^Dielr  Ceniea  and  Reme- 
dies. Hubert  E.  CoUlna.  Power— May  5. 
08.  21  flga.  7200  w.  80e.  Analyiea  some 


of  the  commonest  of  these  troublea  ai,d 
gives  ailuple  directions  for  tlieir  preroft* 
tton. 

Four  Thousand  Horsepower  Engine  at  the 

Central  Eneetrle  Generating  Station,  Brus- 
sels. Eng- -May  1,  OS.  2  figs.  1400  w.  40c. 
Givos  details  of  a  double  compound  tandem 
engine  with  piston  valves. 

Modern  Steam  Plants.  C.  Eberle.  Z  V  D 
I— May  2,  08.  15  figs.  5000  w,  60c. 
Qlv^  details  of  a  number  of  recent  ateam 
power  plants  In  Germany. 

Steam  Turbines. 

Steam-Tnrblne  Power  and  Transmission 
Plant  of  the  Hoetesuma  Copper  Company 
at  Naro7arl,  Sonora,  Mexico.  John  Lang- 
ton  and  Charles  Legrand.    Elec  Rev — Apr. 

11,  08.  2  figs.  4  000  w.  2  0o.  I'aper  read 
before  the  Electrical  Section  of  the  Cana- 
dian Society  of  Civil  Engineers,  Mar.  o. 

Steam  Turbines.  Rev  d  Mec — Mar.  31. 
OS.  106  llgs.  8000  w.  11.8*.  Illustmtea  and 

describes  recent  designs  of*  turblnea,  their 

lubrication,  governing,  etc. 

.steam  Turbines. — I.  V.  Manner.  Rev 
d  Mec — Mar.  OS  11  figs.  7000  w. 
$1.80.  Mathematical  study  of  the  theoretloat 
Telocity  of  the  steam  ilow. 

The  Comblnstlon  System  of  Reciprocating 
Engines  and  Steam  Turbines.  C.  A.  Parsons 
and  H.  .7.  Walker.  Eng— Mar.  17.  08.  18 
flgs.  riOOO  w.  40c.  Paper  read  before 
the  lustltutlou  of  Naval  Architects,  Apr.  9, 
08. 

The  BHIclency  of  Steam  Turblnea.  P. 
A.  Lart.  Cass  Hag— May.  08.  S400  w.  40e. 

wooimoRKiNa. 

Ih7  Kilns. 

Dry  Kilns  and  Drv  stock.  L.  C.  Wil- 
liams. Wood  Craft— May.  OS.  2?,  00  w. 
20c.  From  a  paper  read  at  the  Chicago 
meeting  of  the  National  Slack  Cooperage 
Stock  Manufacturers'  Association.  Discusses 
the  progress  that  has  been  made  In  Hie  de* 
sign  and  application  ot  dry  kltna. 


METALLURGY 


00.\L  AXD  COKE, 
Refract4JO  >l«t«'rl«lH  for  Coko  Ovens. 

Refractories  Taed  in  the  Construction  of 
Coke  Ovens.  J.  H.  Campbell.  Mln  &  Mln — 
May,  08.  4600  w.  4  0<-.  States  the  maxi- 
mum amounts  of  impurities  allowable  tor 
satisfactory  service. 

OOPPKR. 

Blast  Fiirna<-e. 

The  Cananea  Blaft  Furnace.  Charles  F. 
Shelby.     Eng  &  Min  .ll^.Vpr  n>  ifi 

(IgK.  H200  w.  20c.  (.lives  details  ami  ili;iw- 
Ings  of  a  copper  blast  furnace,  enibo(l\lii^' 
the  results  of  experience  with  many  types 
in  the  same  works. 


Casting  Converter  ("ci  iier. 

A  Machine  f(n  ..sting  Converter  Copper. 
J.  H.  Klepinger.  fing  4k  Min  Jl— May  2,  08. 
2  flffs.    1400  w.  80c. 

Concentrator. 

Three-thOttsand-Tou  Concentrator  of  the 
Boston  Consolidated  Mining  Company,  at 
Oarfleld,  Utah.  Robert  B.  Briaamade  and 
R.  L.  Herrick.  Mln  ft  Mln—May,  08.  8 
flgs.    4600  w.  40e. 

Power  Plant, 

The  Power  Plant  of  the  New  Addition  of 
the  Haritan  Copp«T  Wurks,  F-'rank  D.  Es- 
terbrooks.  Elec  &  Met  Jnd— May,  08.  8 
flgs.    1800  w.  40e. 
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THE  LIFE 

of  a  bridge  is  measured  by  its  deflections. 

THE  RICHARD 

Deflection  and  Strain 
RECORDER 


Is  the  mo^t  acttirate  and  simply  operated  in- 
strument for  mcasurinif  the  deflections  of  a 
structure  ever  placed  on  the  market. 

Sevtl  for  Circular 

ERNEST  H.  DU  VIVIER 
29  Church  Street  New  York 


EVERETT- 
McADAM 
Continuous 
Electric 

Blue 
Print 
Machine 


MOST  pconomical,  leaet  current,  bist 
contact,  easiest  to  operate,  inoBt  com- 
pact, uniform  in  tone,  variable  spee<l,  noise. 
IcBB.  UBesniercurj'vapoi  lainpfl;  nocarbons, 
tracing  cloth  or  celluloid  belts  to  renew. 
Prints  a  mile  long  with  no  streakB. 

A«k  for  lilt  first  100  UMr* 

REVOLUTE  MACHINE  CO. 
527  West  45th  St.,      New  York 


COMPRESSED 
AIR 


The  final  authority  on  Pneu- 
matics ;  edited  by  experts ; 
addressed  to  practical  men. 

Are  You 

An  Engineer? 
An  Architect  ? 
A  Contractor  ? 
A  Manufacturer? 
A  Railroad  Man  ? 
A  Mine  Manager  ? 
A  Coal  Operator? 
A  Foundryman? 
A  Quarryman  ? 

Everything  relating  to  compressed 
air  practise  from  all  over  the  world 
will  be  placed  before  you  monthly 
if  you  are  a  subscriber  to 

Compressed  Air. 

A  new  volume — No.  13 — begins  with 
January,  1908.  Subscribe  now  and  get 
the  complete  volume  tor  the  year. 

$1.00  per  year — U.S.  and  Mexico 
$1.50  per  year — Canada  and  abroad 

Sample  copy  on  request 

Compressed  Air 

Bowling  Green  BIdg.,  New  York 
EASTON,  PA. 


It  will  Be  Mutually  Beneficial  to  Say  Wbere  You  Saw  iho  Aavertlsemenl. 
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A  Makeshift  Roasting  Furnace.  Herbert 
W.  RoBB.  Min  &  Se  Fr— Apr.  18,  08.  »00 
w.  Me. 

BnicltPrs. 

Ml.  Lyell  Copper  Siueltlug  Works,  Tas- 
mania. Ralph  Stokfs.  Mia  Wld — May  2, 
08.     3  figs.     1900  w.  20c. 

Tlie  Great  Cobar  Smelting  Works,  Eng 
ft  Mln  Jl— May  »,  08.  7  figs.  3600  v. 
SOc.  DiwerlbeB  mn  Important  eopper«melt^ 
ing  plant  in  Australia,  llluBtratlDg  the  latest 
practice,  designed  and  partly  built  in  the 
United  States. 

Stanip  Mill. 

The  Calumet  Ilecla  Stamp  Mills,  Lake 
Superior.  Robert  H.  Mauror.  Mia  Wld — 
May  2,  08.    7  figs.    2600  w.  20c 

GOLD. 

Cvaniding  Cripple  Creek  Ores.  F.  L.  Bar- 
ker.' Min  A  Min — May,  08.  3  figs.  SOOO 
w.    40c.  (CoQcliided.) 

The  Separation  of  SUme  In  Cyanide  Treat- 
ment. Horace  G.  Nichols.  Mln  ft  8c  Pr — 
Apr.  S6,  08.   4  flge.  S800  w.  SOe. 

>I1U. 

Goldfleld  Consolidated  Mining  Company's 
New  Mii:  Mln  Sr— May  7.  08.  1400  W. 
20c  Describes  the  location,  construction 
equipment,  flow  aheet  and  metbods. 

Tellurides,  Treat nient  of. 

rtcorlfRatlun  and  Bupellatlon  of  Tellurlde 
Ores.  George  T.  Holioway  and  Leonard  E. 
B.  Pearse.  Mln  Wld — May  2,  08.  ^200  w. 
20e. 

ntOIf  AND  SIIiBL. 

Baolc  Open-Hearth  Trooess. 

The  Basic  Open-Hearth  Steel  Process. 
Achllle  Boaaer.  Meeh  Wld— May  1,  08.  2(00 
w.  40e. 

China. 

The  Iron  Industrv  of  China.  Ir  Age — 
May  7,  08.  1  fig.  3700  w.  20c  Gives  a 
description  of  the  Hanyans  Iron  4b  Bte«l 

Workf . 

liaUs,  Heat  Treatment  of. 

Heat  Treatment  of  Steel  Ralls.  Wm.  Mot^ 
cair.  Proc  Bng  Soc  W  Pa— Apr.,  08.  1  fig. 
4400  w.  80c.  Paper  read  before  the  Eng. 

Soc.  of  W.  Pa.  States  that  the  web  of  rail 
l8  too  S;--lit  and  that  the  head  of  rail  is  too 
hot  w>  11  >  fiaDKc  is  cold  during  the  last 

passes  titrough  rolls. 

Kulling  >lill(i. 

A  2r).000-HP.  Blooiniim-Mill  Engine. 
James  Tribe.  Power— .Apr.  21,  OS.  G  figs. 
3400  w.  20c.  Describes  features  layoWed 
In  the  design  and  construction  of  a  large 
horizontal  twin-tandem  compound  reveralble 
rolling  engine  at  the  Carnegie  Steel  Works, 
Sharon,  Pa. 

JUKI, 


EleLtrically-Drivon  KeverHlng  Rolling 
Mills.  Henry  Crowe.  Blec  Eng— Apr.  23, 
08.  3  figs.  2500  w.  40c.  Paper  read  on 
April  6.  before  the  Cleveland  Institute  of 
Engineers. 

Electric  Power  in  Iron  and  Steel  Mills. 
W.  Edgar  Reed.  Ir  Tr  Rev — May  14.  08. 
14  figs.  4700  w.  20c.  A  papor  read  be- 
fore tbe  Engineers'  Society  of  WtslKrn  Pa., 
Mar.  1T«  08. 

Power  Requlrementft  of  Beversins  MUln 
with  Steam  and  Bieetrte  Drhrea.  H.  CHt>- 
mann.  Stahl  tt  Btseo — Apr.  28.  08.  2  flgB. 
2700  w.  60c. 

The  New  Iron  Works  of  the  Sta?eley 
Company.  Eng — Apr.  10,  06.  2  4  figa.  2100 
w.  May  1.  11  figs.  5000  w.  Each  40c. 
Continued.  Discusses  the  stoves,  tempera- 
tttre-equallsers,  dust^atebera.  eoal  craiblns 
and  coke  oven  plants,  etc. 

The  Electrically  Driven  Reversing  Ingot 
Roll  of  the  Georgmarienhiitre.  R.  Wendt. 
Stahl  u  Eispti — Apr.  29.  OS.  4  1  figs.  7500 
\v.     t5  0c.     Describes  a   newly  installed  roll 

capable  of  handling  ingots  weighing  2)^ 
tons. 

Titration. 

The  Influence  of  Copper.  Arsenic  and 
Other  Foreign  Metals  on  the  Titration  of 
Iron  According  to  Reinhardt's  Method.  Stahl 
n  Elaen.— Apr.  8,  08.    4600  w.  €0e. 

SILVER. 

Gynniding. 

Cyanidation  of  Silver  Ore  in  Mexico.  W. 
A.  Caldecott.  Min  &  Sc  Pr.  Hay  2,  08.  2 
figs.    2500  w.  20c. 

Development  of  the  Cyanide  Process  for 

Silver  Ore  In  Mexico.  Bernard  Mardonahl. 
Bng  &  Min  Jl — Apr.  18,  08.  2  figs.  2000 
w.  20c. 

Stamp  nnd  f^-anide  Mill. 

Montana- Touopah  Stamp  and  Cyanide 
Mill.  Eng  &  .Mln  Jl— May  9,  Os  :>  tigs. 
1400  w.  20r.  Deacrihos  mill  in  which  the 
crushed  ore  is  concentrated  on  Wilfiey 
tables  and  vanners  and  the  slimes  are 
treated  In  Hendryx  cyanide  agitators. 

ZlJiC  AND  LEAD. 

OoBcenfation. 

Concentrating  Mixed  Ores  at  Rosas,  Sar- 
dinia. Uniberto  Cappa.  Eng  &  Mln  Jl — 
May  9.  08.  .'i  figs.  L'OOd  w.  20c.  De- 
scribes methods  used  for  the  separation  of 
lead  and  zinc  from  mixed  oxidized  and  sul- 
phide ores  by  crushing  in  ball  mills  and 
washing  over  Ferraris  tables. 

flotation. 

Flotation  Processes  at  Broken  HiU.  Min 
A  8c  Pi^Apr.  11.  08.    1  fig.   800  w.  20c 

Metallurgy  of  Zinc. 

The  Metallurgy  of  Zinc.  J.  W.  Richards, 
El  Chcra  &  Met  Ind— May,  08.  5700  w.  40c. 
11. — Reduction  of  sine  ozlde;  electrie  smelt- 
Ing  of  sine  ores. 

1S0B. 
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Architect'  and  FhiaJMWW*  flopgliMt 

Buff  A  Duff  Co.,  HnB;on.  Mei.a. 

C.  M.  HtgglrjR  4  Co.,  271  9t>i  S;.,  Ilrrjoklyu,  H.  T. 
KolMCb  A.  Co..  13S  Fulloa  Bt.,  New  York, 
S.  O.  Rnehle  A  C   ,  119  Fulton  St.,  Nw  Tortt. 
B.  atUt  *  Son.  108  B.  Mn  jl  on  St.  OlUOtCO. 

Boiler  Maknrs'  Tool*: 

Books,  Technical  and  General: 
U.  C.  Clark  Pub.  Go.,  8SS  DMrtMrn  St.,  CUMfO. 
Wm.  T.  Comatoek.  28  Warmi  8t.  N«w  TMk. 

BaOwaj  Af«b  Otiktn,  IIL 

LttngToniiA,  Qreen  A  Go.,  91-98  Vtb  kr%.,  N«w  Tork. 

Rfioii  &  Cbambprtntn,  12S  B.D.  Liberty  St,  Ki-n  York, 
Ttdinical  Llt«ratur«  Co^  220  Broadway,  N«w  York. 

Mta  witar  ft  am.  4S  imi  im  •(«  mmt  TMk. 

Battla  Cr«ek  Brldga  Co..  DatUa  CrMk.  MIeh. 
OBttOMt9*fltMl  BH0»  OBb«  ffftik  liMP  BM||»9  Mtv  Tdrtb 

Oablewajrs: 

BaUocad  Cakla  Crana  Co..  lit  WUllam  Bt,  New  York. 
Tht  HajnraM  Oo.»  SO  Obmk  WU,  N«w  Twlb 

Calculating  Machine: 
Calculagrapb  Co.,  Jewel*ni'  BIdc..  N.  Y. 

Cement,  Naturnl  and  Portland: 
Bdlaon  PortlatMl  Cemant  Co.,  1138  Broadway,  New  York. 
Umtmat  OmdmI  C»»  1  iMMinv.  »Mr  y«fe. 

Chemists: 

Indiutrlal  laboratorlaa,  IM  Front  St.,  N«w  Tock. 
Hiifelvn  VMkatal  UknUeij,  Mnl^  MUh. 

CiTil  Kngia— d   Bm  PvofMrioMd'  Oudi. 

Ctocka: 

Pmttw  OiMk  tan.  Co..  01  Ohmkm  tt^  Hmt  TMk. 

Concrete  Form  Clamp: 
CAarlaa  Olatricha,  LltUe  Ferry,  N.  J. 

Coocrole,  Beliiforced: 
OmmwMUmI        Co..  VMk  Bow  BH».  Nmt  VMlb 

OoasulUuf  Mkgl— wi» 
(■■•  PnlHiloqol  Ou4t.) 

OdMtt—taw.   Oo»  atoft  ProCiMlonal  Carda. 

Copying  TracfiiK'  CTotfi: 
U«Qtro-S«a  BliM  Prlot  Co.,  44  Broad  St..  New  York. 

Oovrespondenoa  OounM? 

Ooncrptn  Krtr'no«rlnK,  687  Caxton  Bldg..  Cleveland,  O. 

Uruwiag  Materials  and  iBstmmeata: 
0.  M.  BiMiM  ft  CttH  au  ttk  at.  Bmftlfi.  H.  T. 
MM«h  ft  Co.,  IM  iMtaa  at.  Now  Tork. 
Itovatoto  MadllM  Cto.,  BIT  W.  46Ui!  BL.  New  Tork. 

a.  O.  Rueble  A  Co..  119  Pulton  Kt.,  New  York. 
K.  Soalls  A  6oo,  168  B.  Madlsoa  St,  Cbtcaco,  lU. 


aite  Hydraulic  Ram  Co.,  H.,  2100  Trinity  B.,  Niw  Tofk. 
EhccaTatlng  Machinei^: 

Balanced  Cable  Crano  Co.,  181  William  St,  Now  TortC 
The  Hayward  Co.,  SO  Churck  St.,  New  York. 

FUea: 

Ddta  nio  Woriu,  mm  makfM«  am..  FUla,  fa. 

Forester,  Consaltlng. 
F.  n.  Meier,  1  Broadway.  New  Tork. 

Gm  Prodaoera: 
Om  Po««r  Oi..  •  Bo€tor  St.  Now  Torib 

Hyilraallc  Jacks: 
lUeban^  iJU'isetin,  W  CoiumblR  St.,  Naw  York. 

iii^imtnaTing  Sugineero: 
BiNaa  M  mnalaMlsa  BiatiUMlM.  4ir  ffWh  At*..  N.  T. 

InstmmentB,  fU^  o  rc! i : 
Bme.'.t  H  Du  Vlvler.  14  Okurcii  St,  New  York. 

Insulated  Wire: 
WaMwIiiw  mi*  <M.,  an  BnMw.  Haw  TMU 

Jacks,  n^drauJIc; 
Blehard  Dudgeon.  20  Oolumbla  St,  New  York. 

Laafl  OnraMd  CWMaas 

Hablrakaw  Wire  Co..  283  BMldww;  Mw  TMfe. 
Offlee  Appliaooea: 
OUppor  Utc.  Co.,  808  a«ffoi«  Avo.,  Now  TMk. 
Ob  BWhle  A  Co.,  U9  Fulton  St,  N*W  TMk. 

Paint  (Pnwnrattwa) 
Nubian  Vatat  A  ToiaMh  Ooi.,  U  Park  Bow,  Now  TMk. 

Ttor«do-Proof  Palat  Cte.,  IT  Bsttotr  Flooo^  Nov  Tortu 

Papor  dtpas 
OUvaw  Kife:  Co..  aoa  OmoM         mow  TMk. 

Patent  AttomeTat 
Fred  W.  Baroado.  ISO  Naaaan  St.  New  ToilL 
Edward  8.  Beaok.  00  Wall  St.  Now  York. 
WIlUui  T.  Joosa.  MotSMOtt  BMc..  Waaklacloa,  ft  0. 
a  U  FMkM;  M  DIMa  BMft  IPUklailaa,  Ou  C 
JMkaa  B.  &  Ml%  m  PoMbora  au.  Ohtav*. 
Tkos.  Oiev  Btotaoa.  IM  Foltoa  'St.  Now  Tofk. 

Periodicals,  Tecludcal: 
A«Mfto«B  BuiMon'  Bevtev,  ana  yiaadsoo^ 
OiBoaioa  NwnlBOl  Joanal,  Moatwol,  Qoa 
OMaptOMoa  Air.  Htm  Tork. 
Obaeroto  BBglMerlac,  CMrolud,  Ohlo^ 
Blectric  Railway  Review,  Chicago. 
BnglDeerlng-Contractlng,  Cbtcago. 
Engineering  News.  N■■^^■  Vu:k 

IndURtrtal  Magazine.  I'&rk  Row  Bidg.,  New  Tork. 
Iron  Age,  New  York. 
Railway  Age.  Chicago. 

PhaMograptaat 

Ooplox  Phonogntpk  Oow.  Ml  VktMnm  It,  KUmBN^ 

Mich. 
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MlUlng. 

Milling  Methods  in  the  Kansas-Missovirl 
Zinc  Fields.  Doss  Hrittain.  Miti  Sc — Apr. 
SO,  08.  2  flg8.  1200  w.  20c.  Gives  a  de- 
scription of  methods  with  a  short  account  of 
tbe  OTOlutlon  from  small  Imperfect  mtlla  to 
large  modem  plants. 

Spelter. 

Sampling  and  Aasaylnff  Spelter.  Evans  W. 
Buskett.  Ens  ft  Min  Jl— Apr.  18.  08.  1200 
W.  20c.  i 

MI8CEI<LAX£OUS. 

Fire  Assaying. 

I  se  of  Litharge  in  Fire  Assaying. 
Min  Jl— Apr.  18,  08.  600  w.  20c. 


Oil  Concentration. 

Ore  Dressing,  With  Spoclal  Reference  to 
Oil  CoacentratioQ.  El  Chem  &  Met  Ind — 
Mar.  08.  S  figs.  4S00  w.  40e. 

fillica,  Dot«>rniinatlon  of. 

The  Determination  of  Silica.  Evans  W. 
Buskett.  Min  Wld — ^Apr.  25,  08.    1100  w. 

20c. 

Sulphur,  IXett-rminatlon  of. 

The  Determination  of  Sulphur.  Evans  W. 
Buskett.  Min  Wld— Apr.  18,  08.  1100  w. 
20e. 

The  Determination  of  Sulphur  in  Pig  Iron 
and  Steel  by  the  Hydrogen  Jet  Method.  Ran- 
dolph Boiling.  Eng  New* — May  7,  08.  1 
llg.    2900  w.  20c 


MINING  ENGINEERING 


Aoeident«  and  Rescue  Work. 

Report  oil  the  Causes  of  Wiudiug  Acci- 
dents at  Collieries.  Prof.  R.  D.  S.  Redmayne. 
Mech  Engr — Apr.  i:  ).  08.  9  figs.  5500  w. 
40c.  Concluded.  Discusses  tiie  Barrov  and 
Rawdon  colliery  accidents. 

Rescue  Apparatus  in  Coat  Mines.  Walter 
E.  Mlugraiiim.  Eng  &  Min  Jl — May  2.  08. 
4  figs.  liOO  w.  20c.  Describes  the  Drayer 
apparatus  used  extensively  In  Germany. 

Rescue  Work  in  Collieries.  Coll  Grdn  - 
Apr.  10.  08.  35  flgs.  8000  w.  40c.  De- 
scribes the  opening  of  a  new  rescue  station 
In  Lancashire  and  the  competition  trials  of 
the  Various  typp^  of  brcnthins  apparatus. 

The  Hanna.  WyomiDg,  Miue  Disaster.  R. 
L.  Harris.  Min  &  Min — May.  08.  6  figs. 
4200  w.  40c.  An  account  of  the  two  ex- 
plosions, the  probable  causes  and  the  con- 
ditions leading  up  to  them. 

The  Use  of  Oxygen  Breathing  AppailstM 

at  the  Hamstead  .Mine  Fire.  F.  W.  Gray. 
Can  Min  Jl — .May  i,  08.    1900  w.  20c. 

Three  Recent  Shaft  Accidents.  Coll  Grdu 
— ^Apr.  17,  OS.  13  figs.  1800  w.  40c.  Con- 
tinued. 

Goal  and  Coal  Mining. 

A  Mechanical  Substitute  for  the  Shovel  in 

Coal  Minos.  W  K  Hamilton,  Eng  *;  Min  Jl 
—  .\iir.  l>i.  (IS.  J  tiK«-  .'KHMi  w.  20r.  De- 
scribes a  pit-car  loading  machine  which  loads 
coal  at  about  16  ets.  per  ton  as  against  IS 
cts.  to  40  cts,  for  hand  loading. 

A  Spravlng  Device  for  Laying  Dust  In 
Coal  Mines.  William  ClilTord.  Min  &  Min  - 
May.  OS.  r>  lips.  1800  w.  40r.  Describes 
aiipai  inii-^  fi»r  reniovInK  dust  from  il  4  lodg* 
mcnts  and  convoylug  it  from  the  mine. 

Coal  Washing.  C.  C.  Myers.  Blblejr  Jl  of 
EngR— April,  08.    ISOO  w.  40c. 

Dust  Made  in  Mininji  Coal.  C.  E.  Scott. 
Min  &  Min  —  .May  os  i  fig.  1  700  w.  40c. 
Gives  a  comparison  of  the  amount  of  dust 
made  in  cutting  eoal  by  chain  and  by  punch- 
er  machine. 


Mining  Coal  with  the  Panel  System.  A«d- 
ley  H.  Stow.  Eng  ft  Min  Jl— May  2.  08.  f 

flgs.  4600  w.  20c.  A  discussion  of  opera- 
tion details  with  reference  to  concentration 
and  the  reduction  of  worklnR  costSi 

Need  of  Thorough  V'entliation  in  Coal 
Mines.  J.  R.  RobluBon.  Eog  &  Mlu  Jl— May 
9.  08.  1900  w.  20c  Shows  from  a  study  Ot 
a  large  number  of  00IUM7  disasters  that  ladt 
ot  venUlatlon  and  preaenoe  ol  dust  are  the 
chief  causes  of  explosions. 

Past  and  Future  Coal  Production  In  th« 
United  States.  E.  W.  Parker.  Min  &  Mia — 
May.  08.  8  flgs.   4400  w.  40c 

Submarine  Coal  Mining.  John  Johnston. 
Can  Min  Jl — Apr.  15,  08.  1200  w.  20c. 
Paper  read  before  tho  MininR  Soeiety  of 
Nova  Scotia,  Mar.  25,  OS.  Statee  prot>!cms 
oonneeted  with  developing  the  coal-bcarlns 
strata  along  the  eastern  seaboard  of  Cap* 
Breton. 

The  Coal  and  Lignite  Deposits  of  Mon- 
tana. Jesse  P.  Rowe.  Min  Wld — Apr.  25,  08. 
3  figs.    3100  w.  Mxf  2.   S  flga.   2000  w. 

Each.  20c. 

The  Effect  on  Coal  of  Water  and  Fine 
Crushing.   H.  M.  Chapman  and  Ed-vui  It  iru- 

hart.  Iron  Age — May  7.  08.  1  fig.  2000  w. 
20e. 

The  Systematic  Development  of  a  Coal 
Mine.  William  Leckie.  Eng  &  Min  Jl — Apr. 
25.  08.  3  flgs.  3600  w.  20c.  Describen  an 
irregular  bituminous  seam  at  Pocahontas, 
Va.,  wiiere  the  various  problems  of  mininR 
haulage  and  ventilation  have  been  effect- 
ively coordinated. 

Concrete  in  MIdIiiBi 

Notes  on  the  Use  of  Concrete  in  Mlnea. — 
II.  Cone  ft  Const  Bag — May,  08.  18  flgs. 

1500  w.  40c 

Copper,  Cost  of. 

Cost  of  Lake  .Superior  and  Montana  Cop- 
per,   .lames  R.  Finlay.  Eng  &  Min   Tl  Apr. 
25,  OS.  6000  w.  20c.  States  that  conditions 
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in  the  Michigan  mines  are  all  unusually  fav* 
orable  while  roBts  of  smelting  and  refining 
the  product  or  ihe  Butte  mines  are  high. 

Drilling;,  Cost  of. 

Cost  of  Diamond  Drilling  in  British  Col- 
umbia. Bng  Contr — May  6,  08.  1  fig.  3500 
w.  SOe. 


BlMk  Sand  Iteta.  John  M.  NiehoU  mom 
A  Mtn  (Denver) — Apr.  24,  OS.  SMO  w.  SOc 

CMd  Oamfk,  Rawhide. 

Rewhidr,  Nevada.  Algernon  Del  Mar. 
Eng  &  MiQ  Jl — Apr.  26.  08.  5  figs.  2100  w. 
20c.  DIscuBsw  the  district  mnd  Ita  geologic*! 
formations. 

The  Oold  Camp  of  Rawhide,  Bameralda 
Co.,  Nevada.  Dr.  Chaa.  A.  Oehrmann.  Illn 

So — Mar.  19.  08.   2000  w.   20e.  Deeorlbes 

Iho  disoovtry  and  progress  of  a  new  desert 
Eldorado,  the  general  geology  and  extent 
Of  unknown  mlnerallaed  area. 


Appliances. 
SklpH  and  Gages.  S.  A.  Worcester  Min  & 
Sc  Pr-  Apr  11,  08.  1  flg.  1900  w.  20c.  Makes 
a  speciflc  comparison  of  a  number  of  the  Im- 
portant features  of  the  two  devicea  In  pmO' 
tlcal  operation  with  regard  to  their  eoomnny 
in  ore  holallng. 


Hydraulic  Mining  in  California.  Maj.  Wm. 
W.  Harts  8c  Am — May  »,  08.  5  figs.  1500 
w  2IU-.  Describes  method*  used  In  Imponqd- 
ing  the  debris. 


Iron. 


The  Moose  Mountain  Iron  Range,  Ontario. 
J.  J.  Bell.  Eng  ft  Mln  Jl— Apr.  18.  08.  1 
llg.   SdO  w.  SOe. 


On  Some  Unaofved  Problems  In  Metal 
Mining.  Prof.  Henry  Louis.  Bngr — May  l , 
08.  4800  w.  40c.  Abstract  of  a  lecture  de- 
livered Apr.  27.  08,  before  the  Institution 
of  Civil  Rigineers. 

Mining  Costs. 

Structural  Maps  and  Their  I'se  in  Making 
Up  Reports.  J.  E.  Tiffany.  .Min  Sc — May  7, 
08.  1800  w.  20c.  Discusses  the  advantages 
of  topograplitcal  Information  In  the  calcu- 
lating of  estimates  of  costs  of  development 
and  eosstractlon. 

The  CoHt  of  MinlnK — General  Conditions, 
Jaui«-s  R.  Finliiy.  EnK  &  Min  Jl — Apr.  18, 
08.  r.r.OO  w  L*nc,  DUscusses  the  factors  cou- 
troiUng  variations,  stating  that  low  costs  in 
mining  may  mean  greater  expenses  else- 
where, and  that  losses  of  ore  are  often  aeg- 
lected. 


Till  Occurrenc<-  iMoiliiction  and  Commer- 
cial Valti«»  of  Monnziie.   C.  D.  Test.   Min  ft 

Min  rpriiv^Ti  L':i00  w.  'jnc.  From  the 
Colorado  School  of  Mines  Bulletin. 


Oil,  Pfoepecting  for. 

Prospecting  in  the  Oil  Fields  of  Eastern 
Colorado.  Arthur  Lakes.  .Min  Sc — Apr.  23, 
08.  1  tig.  IMtOO  w.  Rccite.s  experiences  in 
both  surface  and  deep  horin^  examinations 
in  the  front  Range  Oil  Fields,  with  con- 
clusions and  recommendations.  Apr.  30.  1 
flg.  2000  w.  ESach.  20  cts.  Describes  the  oU 
fields  weet  of  the  continental  divide,  enum- 
erating Ave  oil  bearing  aonea. 

Oie  Deposits. 

Pormatloo  of  Mineral  Velaa.  Sc  Am — 
May  2,  08.  2000  w.  20o.  I. — Qlvea  an  analy- 
sis of  rocks  and  the  metals  extracted  from 

them. 

Tendencle.s  in  the  Study  of  Ore  Deposits. 
Waldemar  Liudgren.  Min  &  Sc  Pr — Apr.  2  5, 
08.  5600  w.  20c.  Abstract  of  Presidential 
Address  delivered  before  the  Geological  So- 
ciety of  Washington.  Dec.  19.  07. 

Ore  Handling. 

Modern  Ore  Handling  Maehlnery. — I. 
Walter  G.  Stephen.  Iron  Trade  Rev — May 
14.  08.    3  flK6.    4500  w.  20c. 

Sort.ng  Ore  at  the  New  Kleinfontein  Mill. 
Transvaal,  South  Africa.  Edward  J.  Way. 
Eng  &  Min  Jl — May  9,  0  3.    800  w.  20e. 

Ore  Values,  Computet  ion  of. 

On  Certain  Errors  in  Computing  Ore 
Valnea.  Henry  U.  Knox.  Eng  ft  Min  Jl— 
Apr.  18.  08.  4  flgs.  1200  w.  80e.  De- 
scribes errors  in  sampling:  errors  due  to 
heterogeneous  compos!  tiou  of  each  block  of 
ore  and  errors  In  compntlng. 

Prospecting. 

The  Chum-Drill  as  a  Means  for  Proapect- 
Ing.  B.  fi.  Carter.  Min  ft  Be  Pr — Apr.  2S, 
08.    1000  w.  20e. 

Sampling  Waste. 

The  Problem  of  Sampling  Mine  Waste 
Dump.  Henry  S.  Munroe.  Hln  Wld — May  0, 
OS       ftps.    1900  W.  20c. 

Shaft  Siuking. 

Methods  and  Cost  of  Sinking  a  Shaft  OB 
the  Rand  with  Some  Good  SuggeatioBa  on 
Drilling.  Engg-Contr — Mar.  18,  08.    2  figa. 

'3100  w.  20c. 

Record  Shaft  Sinking  on  the  Rand  Gold 
Field.  Raltdi  Stokes.  Min  Wld — Apr.  18,  OS. 
1  flg.   1100  w.  20c. 

Sinking  a  Conovte^Llned  Mine  Shaft.  Bug 
Rec— May  18.  08.  S  flga.  1800  w.  20c; 

Sloping. 

Stoping  Without  Timbers.  Marke  Ehle, 
Jr.  Min  ft  Min— May.  08.  2  figs.  2600  w. 
40e.  Discusses  a  method  adopted  to  work- 
ing large  ore  bodies  used  at  the  Homostako 

Mine.  I^ead,  South  Dakota. 


Timbering  Methods  In  Hlssourl-Kansas  Dis- 
trict. Otto  Ruhl.   Min  Wld — May  2.  08.  0 

flK-^  2'.»<Mi  \v.  L'Oc.  Descrfbea  nM  t}ii  ''.s  of 
lacing  and  swinging  crib  to  streugtUen  ver- 
tical slmtt  timbering;  square-set 
ployed  in  inclined  shafts,  etc. 
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Edge's  Weight  Computer 

for  Structural  Shapes— S2.00 

•*A  Very  Useful  and  Helpful  Instrument." — Nelson  Construciion  Co. 


'  J^'HIS  is  a  convenient  and  low-priced 
labor-saving  device  by  means  of  which 
die  weight  of  any  plate,  from  the  •malleat 
filler  to  the  largett  rolled  web  plate, 
angle  V;di  !  and  beams  of  any  length  can  be 
(ouod  ia  a  few  wcoiids  without  imiltiplica 


tion  or  reference  to  books  or  tables. 
Errors  are  entirely  eiiauoated;  weights 
are  definttely  marlmi  on  the  tmh  icale. 

The  computer,  several  tune*  a*  fapklai 
a  slide  nilie,  unll  save  iH  ooil  in  two  or 
three  dsy*. 


AGENTS  WANTED  EVERYWHERE 

Liberal  Discounts 

Send  for  Descriptive  Circular 
The  Edge  Computer  Sale*  Agency,  Room  9K,  220  Broadway,  New  York 


It  Will  Be  Mutually  Buneflcial  to  Say  Wbera  You  ^aw  tbe  Advertlsemont. 
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<      A  Modern  Type  of  Mine  Tnnnellnc  Mn« 

,  chine.  Silas  A.  Knowles  and  Walter  E.  Carr. 
Mln  Wld— Apr.  18,  08.  7  figs.  2900  w.  20e. 
Describes  a  nmchine  that  will  cut  any  form 
or  Bl7.e  of  tunnel,  and  can  be  operated  by  any 
kind  of  motive  power.  A  plurality  of  chisel- 
edged  drill  bits  are  irremovably  secured  to 
the  cutter  heMl,  wbloh  In  redproented  bf  n 
motor. 


Deep  Mining  Tunnels  In  Clear  Creek 
County.  Colorado.  H.  P.  Dickinson.  Mln 
So— Apr.  16,  08.  2  flci*  1300  w.  20e.  Qirm 
n  brief  aoconnt  of  aome  of  tlie  targer  botnn. 
tbetr  hlstonr,  methoas,  eto. 

zinc. 

Notes  on  Zinc — III.  A.  Humboldt  Sexton. 
Mech  Bnsr— Apr.  17.  OS.  11  llge.  3200  w. 
40e. 


BlUNiaPAL  ENGINEBRING 


iUfiI<'USE  DJBSTRUCTION. 

Bentile  Plant. 

A  60-Ton  Refuse  Destnictor  in  Seattle, 
Washington.  Bn«  Ron — May  2,  08.  4  flge. 
4400  w.  20e. 

A^haK  Paving. 

Detailed  Cost  of  Jobs  of  T.a:  ii  K  Asphalt 
'lavement  In  a  Southern  CaUroruia  City. 
iBng-Contr^Apr.  1,  08.  S300  w.  20e. 

The  Binder  Course  In  Asphalt  Paving.  J. 

G.  Gabelmnn.  Eng-Contr— Apr.  1,  08.  1800 
•w  2(  <  At  alract  of  a  paper  read  before  tHe 
IliinoiB  Society  of  Engineers  and  Surveyors. 

•Cement  In  Road  Impruvoment. 

The  Use  of  Cement  in  'Road  Improvement. 
T.  H.  McDonald.  Cem  Era — May,  08.  1  flg. 
1600  w.  2UC.  Paper  road  bofOfe  the  lowa 
Association  of  Cement  Users. 

^ust  Prevention. 

ExperlOkenta  with  Dust  Preventives  on  a 
Road  at  Waylnnd.  Maja.  Eng  Rfc— May  2. 
08.  7100  w.  20fc  Cttvea  resulto  obUlned 
Xirlth  various  tar  products  and  oil  emulsions. 

The  Cost  of  Oiling  Roads  in  New  York 
fiuie.  Bn«Newe-Mayl4.08.  1000  w.  20c 

pAVtasGeett. 

The  Average  Unit  Cost  of  Pavement  Laid 
in  1907  !n  RepresenUUve  Cities,  Together 
with  the  Wages  of  g'^O 
Ing  Materials.  Eng-ContT— Apr.  1.  08.  6200 

w.  20c. 

PAving  in  London. 

Street  Paving  In  London.  Snrveyor — Apr. 

17  OS  '>900  w  ii»e.  Gives  a  brief  summary 
of  the  Metropolitan  Paving  Committee's  re- 
port. 

Street  denning  and  Wast©  Disposal. 

Aulomobllo  Street  Sweepers  for  the  City 
of  Paris.  R.  Bret.  Gtole  ClvH-Apr^  28  08 

•  jr.  flK«.  4000  w.  60c.  Apr.  2o.  -l  figs.  2500 
w  COc.  Describes  a  self-propelled  sweeper 
In  which  nebuli/.  1  ^vator  is  SP WfJ  {»• 
pavement  ahead  oi  the  broom  rol  er  tor  the 
purpose  of  agglomcratinK  the  M  particles. 

Report  on  Street  Cleaning  and  Waste  DIr- 
posal  New  York  CMy.  Bng  Xews-  Apr  - 
of  7000  w.  20c.  Heewne  of  investigations 
extending  over  a  period  Of  j?*'?}'^' 

■  IV  A  commlastoa  eonalitlng  of  Measra.  h. 


de  B.  Parsons,  Rudolph  Heriug  and  S.  Whln- 
ery. 

Some  Data  on  the  Cost  of  Street  Sweep- 
ing Taken  from  a  Recent  ReporL  Eng" 
Contr — ^May  6.  08.  2000  w.  20c. 

SEWERAGE, 
liactcrin  In  House  Drains. 

Bacteria  in  House  Drain  PIpea.  Dr.  P.  J, 

H.  Coutta.  Mun  Engg — May.  08.  2200  w. 
40c 

Sewage  IMq^osal. 

Sewage  Disposal  Investigations  by  the 
University  of  Wisconsin.  George  Jaoob 
Davla.  Jr.  Eng  Newa — May  ?•  08.  900  v. 
20c 

Sewage  PnrUkatioa. 

The  New  Oblo  Law  Governing  Water  and 

Sewage  Purtflcatton  and  Stream  Pollntton. 

Enp  f^ii'tr — May  6,  \  flg.    1800  w.  20c. 

The  Role  of  Colloids  in  the  Purification 
of  Sewage.  J.  H.  JohnaUm.  Snrveror— Mnj^ 

I,  08.    1600  W.  lOc 

Soil  Pipes. 

Sl7.es  of  Soil  Pipes  for  Dwellings.  Thomas 
S.  AlQge.  Dom  Engr — Apr.  25.  08.  IdOO  w. 
20c  (Conidttded.) 

Tentilation  of  Sewers. 

Winnipeg's  Experiment  with  Sewer  Ven- 
tilation Plants.  Can  Engr — Umj  1.  08.  1 
flg.  1700  w.  20c 

WATER  SUPPLY, 

Driven  Wella,  Cost  of  Cleanliig. 

Method  and  Coeta  of  Cleaning  Drtvnn 

Wells  at  Lowell,  Mass.  Robert  J.  Tbomaa. 
Eng  Newa — May  7.  08.    800  w.  20c. 

Chmmd  Water. 

The  Behavior  of  the  Earth  to  Water,  with 
Special  Reference  to  Ground  Water  Forma- 
tion. C.  Metzgv-r.  Gesund.  Ingr — it9T.  18, 
08.  4  figs.    11,000  w.  60c 

Inenistatfon  of  Ptpea. 

Experience  with  Water  Pipe  Incrustation 
at  Qulncy,  111.    Eng  Rec— May  16,  OS.  2800 
w.  20c 
London  Water. 

Chemical  and  Bacterial  Examinations  of 
the  London  \Vat«'r  Svipply.  Eng  Newi — ^Apr. 
10.  08.    1500  w.  20c 
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Keep  The  Pot  Boiling ! 

In  this  Furnace  the  blast  keeps  the  lead  in 
the  pot  continually  moving  and  mixing, 

giving  an  even  temperature  through  the 
entire  body  of  metal,  thus  preventing  it 
from  burninq  on  the  side  of  pot,  and 
throwing  up  dross.  Melts  325  lbs.  of  lead 
in  23  minutes,  at  a  cost  of  2^  cents.  Elasily 
moved — light  and  durable.  Indispensable 
to  all  water  works  equipments.  Write  for 
prices. 

Catalogue  shows  other  water  works  appliances 

THE  WATER  WORKS  EQUIPMENT  CO. 

180  BROADWAY.  NEW  YORK 


PMTMIE  fiASOLENE  FUIMACE 


WORKS  OF 
HALBERT  POWERS 

G I LLETTE 

The  Authority  on  Contract  Costs 


HANDBOOK  OF  COST  DATA 

FIUmI  with  flKuren  and  fa<;t8  that  are  InvaluablA 
to  anjono  Interested  In  contract  work  or  construe- 
tloD  of  anjr  klml  Flexible  luatber,  gill  edges,  ua 2 
pages.  Illustrated ;  $4.00  net  po«t|>ald. 

ROCK  EXCAVATION— Methods  and  Cost 

Cloth,  5,^  X  7  Id.,  394  pngnn.  68  flguros  and  Il- 
lustrations; 93.00  not  poHt|iaid. 

EARTHWORK— And  its  Cost 

Cloth,  r.  X  7s  In..  2»10  pncnu.  50  figures  and  Il- 
lustrations;  $2.00  nut  postpaid. 

ECONOMICS  OF  ROAD  CONSTRUCTION 

A  nionoprBph  on  (>arlh.  macAdarn  and  tolfor<l 
roads— how  to  construct  them  and  koop  tb<*m  In 
repair.  Cloth,  n  x  U  In.,  4U  paj^os,  u  Illustrations; 
91.00  net  poatpald. 

Engineering  News  Book  Department 

220  Broadway,  New  York 


Ten  Minutes 

A  Month  is  all  that  is 

necessary  to  learn  what 
•articles  of  specific  inter- 
est in  your  line  have  ap- 
peared during  the  pre- 
vious month  in  the 
technical  periodicals  of 
America  and  Europe. 
The  Engineering  Digest  in 
each  issue  gives  a  classi- 
fied descriptive  listingof 
all  articles  of  importance 
appearingin  the  current 
technical  press. 

CONSULT  IT 


It  Will  Be  Mutually  Beneficial  to  Say  Where  You  Saw  Uie  AdTertlsoment. 
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New  Orleans. 

New  Orleans  Waterworks.  Mun  Jl  &  Bngr 
—May  f.,  08.    10  figs.    2300  w.  20c 

Outnn*  of  the  New  Water  Supplies  for 
Oakland,  C«L*  and  Other  Cltlw  on  the  Eaat 
Shore  of  Sra  Fnnotooo  Bay.  PhlUp  E.  Har- 
roun   Bng  New»— MajT  T»  08.  t  flgfl.  S»00 

w.  20c, 

Water  Pipee  tor  Bxten^oM* 

Determlnatfon  of  the  Diameter  of  Water 
Pipes  Used  for  Kxtenslons  to  Existing  Plants. 

D  M.  Rother.  .11  fiir  Gasb— Mar.  28.  OS.  1 
flg.    4800  w.    Apr.  4,  7200  w.  60c 

Water  Softening. 

Operallou  of  the  Water  Softening  P'ant  at 
Oberlln.  Ohio.  Bng  News — May  7.0  8.  liOOO 
w  20c.  Discusses  results  of  a  four-year 
trial  of  lime  and  soda  ash  for  softening  the 
eltr  water. 


Water  Supplies  from  CatchinenC  Areas. 

Some  Notes  on  Water  Supplies  from 
Catchment  Areas.  T.  Duncanson.  Water — 
Apr.  16,  08.  3800  w.  40c.  From  the  Jour- 
nal of  the  Royal  Institute  of  Public  Health. 
Mar.  1908. 

Water  Wotke,  StaUMica  of. 

Water  Works  Statistical  Tables.  Mun  Jl  4b 

Kngr— May  6,  08.     9  pages.     20c.  Olvea 

(lata  concerning  municipal  and  private  water 
workB  plants  in  the  U.  S.  anti  their  main- 
tenance compiled  from  Information  (umUhed 
by  about  400  superiutendents. 

MlSCBULANfiOUS. 

Small  Parks. 

The  Construction  of  Small  Parke  la  Chi- 
cago. Mnn  White.  Jl  W.  Soc.  Bnsre. — ^Feh. 
08.  nags.  SOOO  w.  80c.  Paper  road 
fore  the  W.  Soe.  Engre.  Nov.  SO,  07. 


RAILROiLD  ENGINEERING 


OONSmUCITION. 

Austrian  Alps. 

New  Railway  Lines  In  th« 
F.  Hofer.  G6nle  Civil— May  8.  08.  1« 
8500  w.  60c 
ClneliiBall,irewOrleone*  Texas  Padllc. 

KecouBtructlon  Work  on  ClnclnnaU,  New 
Orleans  &  Texas  I'acinc  R.  R.  W  Ag*— 
Apr.  24,  08.  14  figs.  2400  W.  May  1.  » 
figs.    2S00  w.  Each,  20c. 

C,  C.  C.  &  St.  li.  Ry. 

The  Improvement  of  a  Sliding  Cut  on  the 
Cleveland.  Cincinnati.  Chicago  &  St.  Louiii 
Ry.  Eng  Newfr— Apr.  80,  08.   1  flg.  i**' 
w.  20c 
Erte  R.  R.,  Jersey  City. 

The  New  Four-Track  Entrance  of  the  Erie 
Railroad  Into  Jersey  City.  Eng  Reo— Apr. 
18.08.  tllgl.  8800  w.  80c 

flooifli  Africa. 

7.ocaUon  Methods  on  the  Natal-Cape  Rall- 
wav,  South  Africa.  Engg  Rec— May  9.  0  8.  2 
figs.  2300  w.  20c  D«crtbee  the  methods 
adopted  in  the  llnal  aurvey  and  setUng  out 
of  the  line 

>IANAaE>iENT  .%NI>  OPERATION. 
Oanal-Boat  Transportation,  Cost  of. 

Calculation  Of  the  Cost  of  Transportatloo 
of  Fr.iFht  by  Canal  Boata.  Herr  BlocK. 
Zem  d  l.au-Apr.  25.  08.  8500  W.  40c 
An  analvsiH  of  ih>-  el.  nientii  entering  into  ttO 
cost  of  transportation,  with  an  illustrative 
example  employing  the  formulas  derived. 
Depr«-olHt!on  and  Rt'newal  of  Equipment. 

Railroad  Equipment — Dopreclatlnn  and 
Renewal.  Wm.  Mahl.  I^us.  Man  B  Mag  — 
May  08.  3300  w.  20c  Describes  the  prob- 
lem of  depreciation  charges  aa  applied  to 
railroads. 


Uniformity  of  Operation  Neceeaary  to  Uni- 
formity of  Accounts.  Frank  H.  Crump.  Ry 
Age — Apr.  24,  08.  2000  w.   20c   Qlvea  th« 

interstate  commerce  classification  Of  oporat* 
lug  expenses  by  departments. 

Safety.  Improvements  Needed  to  Secme. 

Safety  in  American  Railway  Transport. 
Charley  A.  Koward.  Cass  Mag — May.  08. 
2900  w.  40c.  Indicates  lines  UlOUg  whlCh 
Improvement  may  lie  made. 

POWER  AND  EQU1P.HKNT. 

CoallnK  and  Ash'handllBg  Plants. 

Notes  on  the  Design  and  Performance  of 
Locomotive  Coaling  and  Ash-handling  Plantn. 
Wilbur  G.  Hudson.  Eng  Newi— Apr.  10,  08. 
6  figs.    5000  w.  20c. 

Draft  Gear. 

The  Draft  Gear  Proposition.  R.  P.  C  Bmk 
dersou.  Ry  &  Eng  Rev — Apr.  86.  08.  8000 
w.  20c.  From  a  paper  presented  at  the 
meeting  of  the  New  York  Railroad  Club,  Apr. 
17,  (»8.  Describes  repairs  required  which 
are  an  important  item  of  expense  in  car 
maintenance. 

Locomotives. 

Burning  Lignite  Coal  In  LocomotlveB.  O. 
N.  Terrv.  Am  Engr  &  R.  R.  Jl— Mav,  I'S. 
8  flgs.  2200  w.  40c  Discusses  the  utiliza- 
tion of  Wyoming  or  NorChem  Colorado  coal 
In  certain  seettona  ot  the  country  tn  which 
the  sub-bltuminouB  and  lignite  coals  aro 
practically  the  only  fuelfs  available. 

Combustion  and  Heat  Balances  In  Locomo- 
tives. Lawford  H.  Fry.  Engg— Apr.  10.  08. 
10  figs.  13,500  w.  40c  Paper  read  before 
the  LiHtitution  ot  Medwnlcat  Bnglneors. 
Mar.  27.  08. 

Consolidated  Type  Locomotive.  Great 
Northern  Railway.  Am  Eng  ft  R  R  Jl— 
May,  08.    4  Age-    1000  w.  40c 
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Consulting  Engineers 

Consulting  Engineers 

Jm:  Arnold  TiOMPany' 

E  NGINEERS-CONSTRUCTORS 
ELECTRICAL  -  CI Vr L  -  MECHANICAL 
lai  UA  SALLE  B^mSBT 
CM  ICAOO 

Alexfinder  Potter,  C.  E., 

BjdMttllc  Englnear  and  Saaltarr  EUpert. 

148  Liberty  StrMt.  NEW  YOBK  CITT. 
Seweran  and  Sawaaa  Dlapoa*L 
Wat«r  Supply  and  Purification. 
Watar  and  Elaetrte  Power. 
Yalnatlona  of  Bxlatlns  Planta— Ezpart  Taatlmear— Plana 
and  Batlmataa- 

/ntereonftlMflto/  Engineering  Compaay 

R.  Tnmtuchold,  M.  K.,  Manager 
128  Ub«rt7  St.  NSW  YORK.  N.  Y. 

AlUitauAM  DmIgB  ASMU. 

SPECIAL  AMUSEfliENT  DEVICES 

Simrfais.  «peeU«Ktloiia  and  MipwIiitataMe  «r  an 

kinds  of  aif<hanlc»l  and  electrical  apparatus.    Ide**  de- 
Teloped  and  drawlnca  prepared  for  apectal  aiAchtnary. 

F.  L.  NEWELL 

1  Madison  Avenue,  New  York 
Engineer 

C.  A.  P,  Turner 

Bridges,  Bulldtnga.  llanutacturinc  Plantai 
Balnforced  Concrato  Oonatruetlon  a  Spaolaltj. 

816-8X8  Plioaolx  Bldg.,  MINNBAPOUS.  MOIM. 

Coaanltlac  Bngtaiaar. 

Bwiliwitlin"iL  8atimta%  Maaiwiat  aa4  SnilMWiM 
■•porta.                          Bos  1W  Oaa.  P.  a 

St  pmi  ndft.  raw  ronm. 

Experience 

is  a  fiictor  to  hi-  roiisidcrfd  if  veil  con- 
tcniplatti  liie  erection  and  cqiu|]iuent 
of   factory   buildings,   installation  of 
electric  power,  lighting,  transmission, 
WtCBlTl  power,  piping,  heating,  ventila- 
tion, Mwage  dispoaai  and  water  supply. 
Send  for  booklet  showing  eharaeter  of 
work  fvf'  v'ff]  in  the  pi'*  U'w  years. 

FRANK  SUTTON,  E.  E. 

•1  WALL  SnSf"*****  NBWVOWC 

JamM  B»  MeCeni 

AMoe.lL  Am.  8oc.  C.  E. 

Civil  EnsiDeer 

Wator-WorkA.  FiltraUoa,  Beports  on  Properties  of 
ftaUte  B«nloe  OorpoiatlOM 

30  BcmdwKr.  mv  TOBE. 

WUIiam  D»  Aiarke*  Ph*  B»m  C 

OanMltlnc  EoslnMr  and  Statlattelaa. 
■l«ctrlo  RaUwar*         Oil  Motor  Cars.        Oaa  Worka. 

Electric  LlglittDK  Stations. 
PaM  Expert  In  Ohh  and  K:«cti1eltr  tO  N«W  Tork 
Buffalo   and   Citliena'   Oaa  OwpWRy,  la<laiw>«iMi 
Alao  otbar  munlclpalltlaa. 

nrk  Raw  BvtUiiV,  NIW  TOBK. 

Contractors 

Battle  Creek  Bridge  Co, 
ENGINEERS  AND  CONTRACTORS 

K'linfniT.Ml  Cotirrnti'  nrliU;<-,i 
Alao  St«al  and  Wooden  Britlgox,  Pil«  Driving 
Foandationa,  Plana,  etc. 
BATTLK  CBEEK.  MICH. 

H.  Hall  Marshall 

ConBulllng  EngSnoer. 
Examlnatlnns,  Tests,  Rcporta. 

Plana  aad  Speclflcallons  Prepared  for  Oonpl«ta 
Maautacturlng  Plants. 
Power  Plants. 
Blectridty,  Heattoi,  Venuiatlon.  Plumbing. 
■oBtt  PMb  SqUM*  BMB^  PBILAOBLraiA.  PA. 

Foycffs  Engmmerins  &  Contracting  Co. . 
ClTli,  Mining  and  Cootnatla^  Binliiawa 
Harbart  M.  Crawford. 

ipaaHllliit  Oanatniallaa  off  Oool  and  Ook*  Ptanu  aad 

the  DofOloniBOBt  0(  OOM  PtOBOrtlOO, 

^  ^                ONIONTOWN,  PA. 

Branch  OBlcO,  BROWNSVOLB,  PA. 

It  will  Be  Muluall7  Beneficial  to  Say  Where  You  Saw  the  AdTertlsemeoL 
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FonMSyllndOT  4o6>t  Compomid  Bxpraaa 
Looomottra.  Badw  State  RallwaTS.  Herr 
Coartln.    Z  V  D  1 — ^Apr.  11,  08.    10  figs. 

1500  w.  60c. 

German  Locomotives  with  Schmidt  Snpor- 
heaters  and  Record  of  Trials.  Prac  Kngr 
(Load) — ^Apr.  24.  08.  G  figs.  1700  w.  May 
1.  1  flg.   2000  w.  Bach.  40e. 

Great  Central  Compound  Engines  nnd 
Their  Work.  Charles  Rous-Martcn.  Engr — ■ 
Apr.  24,  08.  3000  w.  40r.  Gives  particu- 
lars concerning  the  performauce  of  the  oew 
three-cylinder  compound  locomotives  de- 
signed and  built  for  express  service  on  the 
Great  Central  Ratlwaar. 

Heavy  Pacific  Type  Passenger  Locomotive 
for  the  New  York  Central  Lines.  Am  Engr 
A  R  R  Jl— Mar.  08.   6  flgs.   900  w.  40e. 

Ten-Wheel  Passenger  Locomotive,  St. 
Louis  and  San  Francisco  R.  R.    Am  Engr  & 

U  R  Jl--May.  08.    4  figs.    1400  w.  40c. 

The  4-Cylinder  Ijooomotlve  in  America. 
Hech  Engr — Apr.  17,  08.  4  flgs.  ICOO  w. 
Apr.  24.  6  flgs.  1400  w.  Each.  40e.  De- 
scribes tandem  4-cyliQder  compound  loco* 
motive  of  the  Consolidated  type,  UMd  on  tlie 
N.  Y.  C.  &  H.  R.  R. 

The  PerCortnanee  of  a  Fovr-OyUnder  Loco- 
motive. Engr — Apr.  10,  08.  34  flgs.  1800 
w.  40e.  Oivee  charts  and  diagnima  con- 
cerning the  performance  Of  a  la^W  4*<7l* 

engine  of  novel  design. 

Railway  StuUons. 

Large  Railway  Stations.  Engr— Apr.  10, 
08.    13  flgs.    1600  w.    Crewe.  (Continued.) 

Apr.  17.  8  figs.  1600  w.  May  1.  5  flgs. 
S800  w  Each  40e.  Describes  stations  at 
Crewe  (Apr.  10  and  17)  and  Beading  (May 

1). 

Union  Toritiinal  at  Washinfrtan,  D.  C. — 
Main  Power  Plant.  Ry  Age — Apr.  24,  08.  « 
flga.  1700  w.  20c. 

Signalliig  OB  Iioconiotlvea. 

Automatic    Signaling    on  Locomotlvee. 

Went  Klf-cii — Apr.  18.  08.  4  flgS.  1900  W. 
i;iK-.  r>'Hrrii)os  H.vHteme  recently  tested  on 
two  English  railways. 

Trade 

Australtan  Timbers  for  Cross  Ties.  C.  O, 
Burge.    Eng  Reo — Mar.  21,  08.    2700  w. 

20c, 

Handling  Ralls  With  a  Ix)comotive  Der- 
rick. Western  Pacific  Ry.  Ry  ft  Eng  Rev — 
Apr.  18.  08.    3  figs.    900  w.  20c. 

N.-w  It;-.!!  St  i  lions  ami  Rail  .Siit'cificat  ions 

of  the  American  Railway  Association.  Eng 
jfews — Hay  14,  08.   2  flgs.   4800  w.  20c 

SptvificatloiiB  for  nopsomcr  nnd  Open 
Hearth  Kalis,  iron  Trade  Rev — Apr.  30,  08. 
4  flgs.   3100  W.  20c. 

Standard  Tie  Plates.  Hy  Engg  ft  M.  of 
Way — May.  08.    5  flgs.    1900  w.  20c. 


The  Rallmy  Traok  of  the  Past  and  Its 

Possible  Development  In  the  Futnre.  J.  W. 
Schaab.  Proc.  Jl  W  Soc  Engrs — Feb.  0  8.  9 
liga.  l.'),000  w.  SOc.  Paper  with  discus- 
sion read  May  29,  07  before  the  W.  Soc  of 
Engrs. 

tmsmr  akd  slectric  railways. 

ACOOIUltlDg. 

Depreciation  in  Electric  Railway  Account- 
ing.   Daniel  Rojse.     Elec  Rev — May  2.  OS. 

fiJOO   w.     20c.     A  paper  presented   at  the 

meeting  of  the  Iowa  Street  and  Interorban 
Railway  Association,  Dss  Moines,  Iowa.  • 

The  Accounting  Systen:  nf  (he  Memphis 
Street  Railway  Company.  St  Ry  Jl — May 
16.  08.    S400  w.  20c 

Bnskes. 

The  Life  of  Brake  Shoes.  O.  K.  Traiqr. 
Elec  Tr  Wkly — ^Apr.  16,  08.   2  tables.  2000 

W.  20c. 

The  Prlngle  Emergency  Tramway  Brake. 
Elec.  Engg  (Lond) — Apr.  30,  08.  5  flga. 
2300  w.  40c  DescHhee  a  brake  which  ooq> 
slsta  of  shoes  or  skids  of  Iron  or  steel,  shaped 
below  to  the  profile  of  the  upper  part  of  the 
rati  groove,  but  less  deep,  and  provided 
above  with  a  (lanRe.  These  skids  are  hung 
close  up  to  and  Just  in  front  of  the  car  whwls 
by  a  slotted  link  under  pressure  from  com- 
pression springs,  so  that  when  free  the  skid 
drops  into  the  rail  groove  while  the  wheel 
flange  mounts  the  trailing  end  of  the  skid 
and  so  brings  upon  it  tiM  welglit  normally 
carried  by  the  wheel. 

CaiSt  Halntennnrt^  and  Repair  of. 

The  Car  Equipment  Department  of  the 
Interborough  Rapid  Transit  Company- - 
Maintenance  and  Repair  Shop  Practice.  St 
Ry  Jl— Apr.  26,  08.   10  llgs.  8000  w.  20c 

COMStVMtlOB. 

Recent  Work  on  the  Fairmont  ft  Clarks- 
burg (W.  Va.)  Traction  Company's  System. 
St  Ry  Jl— May  16.  08.    10  flgw.    2600  w. 

20c. 

Eiectriflcatlon. 

From  Steam  to  Electricity  on  a  Single^ 
Track  Road.  J.  B.  Whitehead.  Proc  Am. 
Inst.  E.  E — May,  OH.  ;{  flgs.  10,900  w.  80c. 
A  paiier  to  be  presented  at  the  2.'ith  atiaual 
convention  of  the  American  Institute  of 
Electrical  Engineers,  Atlantic  City,  N.  J., 
June  29-July  2,  08.  Reviews  the  values  of 
Impedance  of  the  circuit  consisting  of  trolley 
and  track,  and  gives  method  for  calculating 
same  and  snggestloiis  as  to  tlis  methods  of 
constructing  current  and  power  enrves  for 
single-phase  equipments. 

Express  Ber\icc. 

Electric  Express  Service  at  Birmingham. 
Ala.  St  Ry  Jl— May  16,  08.  6  flgs.  2000 
w.  20c 
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NOTICE  TO  READERS 


If  jrou  dwlre  cAUlogs  or  printed  matter  on  anr  of  th«  ■upplle*  below,  drop  u«  a  postal  with  the  Uit  number* 

«f  the  articles  and  we  aball  have  thla  literature  sent  you.    If  what  rou  want  la  not  In  the  Itat,  write  os  anyway. 

Your  doing  thla  will  help  us  and  at  the  same  time  sare  your  writing  a  number  of  letters  to  the  Tarloua  manu- 
facturers. 
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IM 

IM 


Air  Compreasors.  Ifl2 
Air  Pumps. 

Aluminum.  IM 
Ammeters. 
Axbestos  Goods. 
Ash  EJectora. 
Barrows. 
Bearings. 
Belting. 
Ulowers.  . 

Blue  Print  Machines. 
Boiler  CoTerlng. 
Boilers  and  Fumacea. 
Boiler  Tube  Scrapers. 
Bolt  and  Nut  Uachlnery. 
Bolts.  Rlveu.  NuU.  Etc. 
Boring  Machinery. 
Brakes. 
Brick. 

Brick  and  Tile  Machinery. 
Bridges. 

Brlquetting  Machines. 
Buckets. 
ButTera. 
Buoys. 
Cableways. 

Calculating  Machines. 
Cars,  Dump. 
Ca«tlnga. 
Cement. 

Cement  Block  Machines. 
Cement  Making  Plitnt. 
Centrifugal  Drying  Macblnee. 
Chains  and  Cablee. 
Chimneys. 
Clutches. 

Coal  Handling  Plant 
Cocks. 

Colliery  Plant. 
Concrete  Block  Machlnea. 
Concrete  Mixers. 
Concrete,  Reinforced. 
Condensers. 

Contmctors'  Lights,  Supplies, 
Conveyor*. 
Couplings. 
Cranee,  TraTellere. 

CreoBOtlng. 
Crucibles. 

Crushing  Machinery. 
Derricks.  Wi 
DlHlnfectora.  2M. 
Distilling  Apparatus.  2S& 
DlYlng  Apparatus.  2Q3. 
Drawing  Instrumenta.  'JIH 
Dredges.  2IZ 
Drills.  211 
Drop  Forglngs.  2Iil 
Drying  Apparatus. 

Dynamos.  280 
Rlectrlc  Arc  Lamps. 
Rlectrlc  Bells.  Signals.  ^ 
Blectrlc  Cables.  2Sft 
Electric  Lighting  Plant  SS& 
Elrctrlc  Motors.  2fiQ 
Electric  Tools.  2S12 
Elevators.  ^ 
Emery  Wheels.  W 
Engine  and  Boiler  Fittings.  928 
Engines,  Qas,  Oil  and  Steam.  SQd 
Engines,  Locomotive.  302. 
EnRines.  Marine.  ?M>4 
Engines,  Portable.  SOSl 
Engines,  Pumping.  afW 
Excavators.  310 
ExhauFtprs.  312 
Expanded  MeUI.  311 
Exploders.  31S. 
Explosives.  218 
Fans  and  Blowers.  22Q. 
Feed  Chrck  Valvee.  322 
Feed  Water  Hesters.  32A 
Feed  Water  RpRulators.  330. 
Fence  and  Railing.  33& 
Files.  3311 
Pllterfnt  Apparatus.  332 
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2tia 
210 

ILUi 
211 
2111 
21a 


223 

22s 
2aQ 
232 
231 
23fl 
238 

24a 
212 

21a 

248 
2fiQ 
2&2 
2&1 
254 
2^ 


Fire  Extinguishing  Appa- 
ratus. 
Forging  Machines. 

Frogs. 

Furnaces  for  Refuse. 

Furnaces. 

Fuses. 

Garbage  Furnaces. 

OaR  Engines. 

Gas  ExbAuiter*. 

Oas  Producers. 

Gas  Works  Plant 

Gates  and  Valves. 

Gauge  Glasses. 

Gauges. 

Gear  Cutters. 

Gearing. 

Girders. 

Glazing. 

Gold  Dredges. 

Governors. 

Oradcrs. 

Graphite. 

Hammers. 

Healing  Apparatus. 

Hoisting  Machinery. 

Hose. 

Hydrants. 

Hydraulic  Machinery. 

Hydraulic  Presses. 

Hydraulic  Rama. 

Igniters. 

Ice  Machinery. 

India  Rubber  Goods. 

Indicators. 

Injectors. 

Instrumenta  Surreyinc. 

Insulating  Materials. 

Iron  Founders. 

Iron. 

Jacks. 

Jointing  Materials. 

Laborers. 

Ladles. 

I.,ampB. 

Lathee. 

Lighting  Apparatus. 

Lightning  Conductor*. 
Lock  Nuts. 
Locomotives. 
Lubricants. 
Lubricator*. 
Machine  Tools. 
Manganese  Steel. 
Manhole  Covers. 
Mathematical  Instrumeots. 
M  eta  line. 
Metallic  Packing. 
Meters. 

Mineral  Wool. 

Mining  Machinery. 

Molding  Machines. 

Nut-Making  Machine*. 

Oil  Can*. 

Oil  Extractors. 

on  Filters. 

Ore  Crushing  Machinery. 
Packing. 

Paints,  Wood  PresenrlDg. 
Paints.  Steel  Presenrlng. 
Paints.  Teredo  Proof. 
Paving  Blocks. 
Perforated  Metals. 
Picks.  Shovels. 
Piles  and  Pile  Drivers. 
Pile  Shoes. 

Pipe  Bending  Machine*. 

Pipe.  Sewer. 

Pipe,  Water. 

Pipe  Tapping  Machines. 

Pistons. 

Planing  Machlnea 
Plates. 

Pneumatic  Tools. 
Portable  Engines. 
PorUble  Railways. 
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120 
4.'.S 
4fiO 
4(1-J 
HU 
4tW 
1113 
HQ 
472 

ill 
47« 
47H 
4S0 
182 
4St 


Pottery. 

Preservatives,  Wood. 

Propellers. 

PrlBm  Glass. 

Pulley  Block*. 

Pulleys. 

Pulverizer*. 

Pumps  and  Pumping  Machlo- 
ery. 

Punching  Maeblnee. 

Ralls. 

Rail  Benders. 

Railway     and  Contractor*' 

Plant 

Railway  Rolling  Stock. 
Railway  Signals. 

Recording  Instruments. 
RefrlgcraUng  Machinery. 
Rivets. 

Riveting  Machines. 

Road  Rollers. 

Hnad  Machinery. 

Rock  Drills. 

Roofing  Supplies. 

Roller  Bearings. 

Hope  Tramways. 

Rope.  Wire. 

Runways. 

Saws. 

Scarlfler*. 

Scrapers. 

Scrt-ens. 

Searchlights. 

Second  Hand  Tools,  Machin- 
ery. 

Shovel*  and  Spade*. 

Skips. 
Springs. 
Steam  Engines. 
Steam  Hammer*, 
.''feam  Pipes. 
Steam  Shovel*. 
Steam  Traps. 
Steam  Turbines. 
Steel  for  Reinforced  CoDcreta. 
Steol,  Structural. 
Stokers,  Mechanical. 
Sioneworklng  Machinery. 
Street    Sweepers,    Hand  Ma- 
chines. 
Superheaters. 
Switchboards. 
Switches  and  Cro**lng. 
Tanks. 

Telegraph  Inatruments. 
Telegraph  Wire  and  Cable*. 

Telephone*. 
Testing  Machine*. 
Tic*. 

Time  Reglntera. 
Tools.  Pneumatic 
Tube  Wells. 
Turbine  Pumps. 
Turntable*. 
Valves. 
Vault  Light*. 
Ventilator*. 
Vises. 

Voltmeters, 

Wagoni. 

Water  Meters. 

Waterproortng  Materials. 

Water  Purifying  Apparatua. 

Wafer  Wheels. 

WriKhtng  Machines. 

Welding. 

Wheelbarrows, 

Whitewnithing    and  Painting 

Machlneai. 
Winches. 
Wlndla-ises. 
Windmills. 
Windows. 
Wire  Rope. 

Woodworking  Machinery. 
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Genernthtg  and  IMstribatlng  Systetn*. 

Geuerating  and  Distributing  System  of  the 
Portland.  Ore.,  Railway,  Light  &  Power  Co. 
Elec  WId — Apr.  18^  a  flga.    3800  w. 

Apr.  Zh^    2  flgs.    3200  w.    Each,  20c. 

Power  Generating  and  Distributing  Sys- 
tems of  the  United  States  Railway  Compauy 
of  St.  Louts.  E.  D.  Smith.  Elec  Ry  Rev — 
Apr,  18^  OS-    S  figs.    2B00  w.  20c. 

Power  Station  for  Delaware  &  Hudson  Co. 
St.  Ry.  Jl— May      OS.   4  figs.    2000  w.  20c. 

The  Reconstruction  of  the  Power  System 
of  the  United  Rallwavs  &  Electric  Company 
of  Baltimore.    St  Hy  Jl— -May  9,  Qii^   ZI  flfis. 
5900  w.  20c 
Hlgh-Tenjslon  Railways  In  Enrope. 

The  Present  Status  of  High-Tenslon  D.  C 
and  A.  C.  Railways  on  the  Continent  of  Eu- 
rope.   St  Ry  Jl — May      tti.    3  figs.  1500 
w.  20c 
l/ocation.  Economic. 

Economic  Location  of  Electric  Railways. 
Robert  U.  Baldwin.  Bt  Ry  Jl— May  ^  01^ 
1300  w.  20c. 

OTerhead  Lines. 

Maintenance  of  Overhead  Lines  and  Elec- 
trical Equipment  by  the  Indiana  Union 
Traction  Company.  St  Ry  Jl — Apr.  11.  QJL 
S  figs.    3000  w.  20c. 

Tangential  Method  of  Trolley  Wire  Sus- 
pension, as  Applied  on  Derby  Tramways. 
Tram  &  Ry  Wld— Apr.  2^  Oi.    &  Ags.  2900 
w.  40c. 
Relnforcod  Concrete  Work- 

Reinforced  Concrete  in  Electric  Railway 
Construction.  N.  M.  Stark.  Street  Ry  Jl — 
May  2100  w.    20c.    Paper  read  at 

the  Des  Moines  meeting  at  the  Iowa  Street 
and  Interurban  Ry.  Association,  Apr.  ZZ. 

Single-Phase  lUllways. 

Murnau-Oberammergau  Single-Phase  Rail- 
way. Cyril  J.  Hopkins.  Elec  Rev— Apr.  1, 
08  4  400  w.  20c.  Describes  a  single-track 
road  equipped  for  a  trolley  pressure  of  5.500 
volts  at  sixteen  cycles,  water  power,  sup- 
piled  at  the  head  of  IS  ft.  by  a  canal  % 
mile  long,  being  employed  for  the  generation 
of  current. 


The  Maggla  Valley,  Switzerland,  Single- 
Phase.  BOO-Volt  Railway.  Frank  Koester. 
Elec  Rev — Apr.  25^  08.  i  figs.  1300  w.  20c 

The  York  and  Hanover,  Pa.  Single-Phase 
Railway.  St  Ry  Jl — Apr.  Jii^  08,  5  flgs- 
1200  w.  20c. 

Sleet  Brash  for  Third  BaU. 

Improved  Third  Rail  Sleet  Brush.  P.  J. 
Stevens.  Elec  Ry  Rev — Apr.  18^0^  i  flgs. 
600  w.  20c 

Substations. 

Standard  Railway  Converter  Substations. 
J.  E.  Wood  bridge.  0«n.  Elec  Rev — May.  M. 
&  flgs.    5300  w.  20c 

The  Avoca  Substation  of  the  Lackawanna 
6  Wyoming  Valley  Railroad  Company.  St 
Ry  Jl — May  16^  HA,    &  flgs.    3000  w.  20c 

The  Determination  of  the  Economic  Loca- 
tion of  Substations  in  Electric  Railways. 
Gerard  B.  Werner.  Proc.  Am.  Inst.  E.  E. 
— May,  Oa.  1  flg.  4000  w.  80c  A  paper 
to  be  presented  at  the  25th  annual  conven- 
tion of  the  American  Institute  of  Electrical 
Engineers,  Atlantic  City,  N.  J..  June  29-July 
2^ 

Sabway,  JxmAon. 

The  Completion  of  the  First  Tramway 
Subway  in  London.  Tram  &  Ry  Wld — Apr. 
2^  OS,  12  flgs.  1600  w.  40c  Describes 
the  extension  connecting  the  subway  under 
Aldwych  with  the  tramways  on  the  Victoria 
Embankment. 

Track. 

Conductor  Rail  Mcasarements.  S.  B.  Por- 
tenbaugh.  Proc.  Amer.  InBtltuteE.  E. — May 
08.  7  flgs.  2000  w.  80c.  A  paper  to  be 
presented  at  the  25th  annual  convention  of 
the  American  Institute  of  Electrical  Engi- 
neers, Atlantic  City,  N.  J.,  June  29-July  2^ 
OS.  Discusses  leakage.  Insulation  and  re- 
sistance measurements  made  on  the  Metro- 
politan Street  Railway  and  contingent  lines, 
London. 

Maintenance  of  Tramway  Track.  Tram  A 
Ry  Wld— Apr.  2^  Ofi.  5  flgs.  1100  w.  40c. 
Discusses  the  grinding  of  rail  Joints,  eta 
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PFAn    TI4IQ    THEN   SEND  FOR 

1  niO    PROOF  OF  THE  SAVING 

WHEN  you  Sgure  on  33  }4  per  cenL  being  saved,  you  are  figuring  on  a  very  consenr- 
ative  basis.  Every  man  must  think  of  a  means  to  keep  expenses  down.  The 
question  is  HOW.  If  you  are  sweeping  your  platforms,  piers,  factory  floors,  streets  or  any 
large  surfaces  by  hand,  the  answer  is  in  the  use  of  the 

PEERLESS  HAND  SWEEPER 


If  it  takes  four  men  to  do  your  sweeping  now,  equip  one  man  with  the  "  Peerieu 
Sweeper,"  and  he  will  do  the  work  of  four  better  and  quicker. 

Used  at  many  points  on  the  following  lines  :  Penn.  R.R. ;  B.  &  O.  RR. ;  Lehigh 
Valley  R.R. :  Erie  R.R. ;  M..  K.  fit  T.  Ry.;  L  fie  N.  Ry.  Also  being  used  by  the 
Richmond  Fdry.  Mfg.  Co. ;  Armour  Packing  Co. ;  Armour  Fertilizer  Works ;  Greenwood 
Cemetery  ;  Jamestown  Elxpositioo  Buildings ;  Am.  Agricultural  Chemical  Co. ;  on  the 
Williamsburg  Bridge,  New  York ;  Potomac  Highway  Bridge,  Washington,  D.  C,  and 
by  the  Street  Cleaning  Departments  in  cities  and  towns  throughout  the  United  States. 

IVriie  for  cost  data  and  catalog 

JAMES  S.  BARRON,  -Sofe  ^gg"^ 

129  Franklin  Street,  N.  Y. 

Sole  Eastern  and  Export  Agent  20th  Century  Grader 

-  
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A    BUILDING    ORGANIZATION    AT    THE  DIS- 
POSAL   OF    OWNERS  OONTEMPLATING 
ANY  TYPE  OF  BUILDING  OR  ENGI- 
NEERING GONSTRUGTION. 


li  you  intend  biiildii]£  an  indnatrial  plant,  consisting  either  of  one  building 
or  a  group  of  buildings— a  power  plant— a  dam — ^a  canal— an  office  building— 

an  entire  town— anywhere  in  the  world,  w  c  cati  place  at  your  immediate  dis- 
posal a  building  organi7atton— complete  from  laborers  up  to  superintendents'- 
with  a  national  reputation  lor  speed,  economy  and  efficiency. 

This  organization  will  be  as  much  a  part  of  your  business  and  as  much 
under  your  absolute  control  as  is  your  office  force,  your  sales  force,  or  any  other 
departlnent  of  your  business.  Every  member  of  it  becomes,  for  the  time,  your 
eiiiployee. 

T*  has  been  employed  repeatedly  by  such  firms  as  ilie  international  Paper 
Co.,  Yale  ^  fowne,  the  Clianipion  Fibre  Co.,  the  Columbian  Rope  Co.,  the 
Champion  Coated  Paper  Co.,  and  such  architects  and  engineers  as  Geo.  F. 
Hardy.  F.  W.  Dean,  Chas.  T.  Main,  and  Stone  &  Webster. 

It  has  built  three  complete  industrial  towns.  One  of  them,  Spraijue's  Falls, 
Me.,  was  completed  eig^ht  months  after  the  surveyors  laid  out  the  site,  which  was 
then  the  center  of  a  dense  wilderness  witii  the  ground  buried  beneath  twelve  feet 
of  snow.  It  built  the  largest  reinforced  concrete  power  station  in  the  world, 
that  of  the  Seattle  Electric  Co.,  at  Georgetown,  Wash.,  the  largest  paper  pulp 
plant,  that  of  the  Champion  Fibre  Co..  at  Canton.  X.  C,  the  larfjest  paper  mill, 
at  Hamilton,  (  )..  for  the  Chami>ion  Coated  Paper  Co.,  a  canal,  in  Louisiana,  for 
the  Union  Sulphur  Co.,  besides  any  number  of  other  equally  important  engi- 
neering works  all  over  the  country. 

Ninety  per  cent,  of  our  work  consists  of  repeat  orders,  due  largdy  to  the 
economies  which  we  effect  for  the  owner.  One  method  through  which  we  have 
saved  owners  considerable  money  has  been  the  substitution  of  otir  corruq-ated 
concrete  piles  for  expensive  deep  foundations.  Through  this  method  such  items 
as  shoring,  sheet  piling  and  pumping  are  entirely  eliminated,  while  expensive 
masonry  work  is  cut  down  to  a  minimunl.  Other  money^saving  methods  are 
described  in  Bulletin  R4,  which  we  will  mail  to  you  upon  request. 


GENERAL  CONTRACTOR 
FOR  ARCHITECTURAI.  AND  ENCINEERINQ  CONSTRUCTION 


FRANK  B.  GILBRETH 


gastern  Offlo*  1 
34  West  2eth  Stfm&t 
New  York 


Western  OffflOe  : 

St.  Clair  Building 
San  Pranoisoo,  Cal. 
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What  Does  It  Cost? 

If  it  is  construction  work,  a  manufactured  product,  or  service  rendered, 
that  you  are  anxious  to  know  the  cost  of, 


THE  CALCULAGRAPH 

will  supply  the  data  from  which  you  can  learn.  It  is  the  one  machine 
in  the  world  which  mechanically  subtracts  the  time-of-day  men  beg^in 
from  the  time-of-day  they  stop  work  and  prints  the  difference — the 
elapsed  time  or  the  actual  working  time.  You  pull  the  handles — the 
Calculag^raph  does  the  rest,  and 

"/f  makes  no  clerical  errors  " 

We  want  an  opportunity  to  tell  you  all  about  it.  It  will  be  your 
opportunity  to  save  money  on  your  clerical  force  and  at  the  same  time 
insure  the  accuracy  of  your  records. 

CALCULAGRAPH  COMPANY 

1455  Jewelers'  Building.  New  York  City 
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^TlM  T««jMil«td  Utonlai*  Cvtopnair.  MO  flMBdwajr,  New  York 

CuABi^  M.  Saius,  S«ct«t*r7 

X  AnMbald  C<>n«t«bto*C(»..  Ltd  10  OnmaStiMt,  LaloM^  8viM«.  W.  C. 

I  A.  L.  MaKU.  Xrw  York.  Rastnrn  R«|n«Mntiit|T« 
W.  H.  OOMI8.  1737  MonAdnock  RIk.,  ChlaaaBiIU., 

1  Western  Kepreateiilative 

price  12.00 per  »M«,BMU«« prepaid,  to  an;  pnitt  offlro  In  Unltod  StaUt.  U.      posseMloni.  Cab«  flr  Htlte. 
to  Canada.  fZ.SO  (TOs.  tfd.;  12.50  fr.:  M.  lO.SO)  to  nor  other (onntry  in  the  PotUi Union. 

EntrrrrI      srennd  clan  matltr.  Jan.  1.  r.*)S.  al  thr  J'lmt  Ol!\i-f  at  Sr<i  Yi,rk.  S  1'. 

American  trade  mpplitxl  tbrou«h  the  American  Newi  Compaijy.  Now  York. 
Manila,  P.  I.  Tolao,  Japan.  Birmbaw,  India. 

Lima.  Prru.  Uavami.  Cuba.  M,lbr,ur,if.  Autlralia 

Jo«e  M.  Mendroia.  T  Rrsfn  *  Co  Phillies.  Ormondo  &  Co. 

Apartado,  No.  flin  Vt  i  rvnin  ,>k, 


CO  NTENTS 

mo  Work  of  the  Forest  Service   597  The   Gwwrnlnflr  and  RegvitMity  of  Ou- 

PoSBlblllties  iD  tli«  Bleotrla  SneUlDB  of  EnRlnes    614 

IroD  Orel    UOU  The  Economic  VtUue  of  Water  Power   019 

The  Problem  of  Rwii  Conetruetlon            «03         ComlMistloii  and  Heat-Balanelns  1b  Loco- 
Notes  on  Motor-r.ir  l>LJilKn   »i05  iTn)tlv.-s    C21 

Bibliograpby   of    Books    and    Articles   on  CalsuUuing  Portland  Cement  Clinker   <£i2 

Heatlns,  LltfiUag  and  Power  Develop-  Eloctrlc  DriviiiR  of  Rolling  MtlU   623 

UMBt  byMeua  of  Denatured  Alcohol  Thr  rtllSimtiori  of  Fuels  620 

COMTINUSD  ON  SECOND  PAOE  FOL.L0WIN0 


Why  Pay  for  25% 

inert  clinker  in  a  barrel  of  cement  ? 

BDISON  PORTLAND  CEMENT 

is  gTound  so  that  85%  passes  tiirough  a  200  mesh  screen— 10%  finer  tlian  any 
Other  brand.  This  can  be  verified  in  any  laboratory.  PtnCMMC 4rf  Qrfnding  and 
uDiform  qualily  MEAN  MONBY  to  you  in  cement  Let  us  send  you  our  cat- 
alogue. 

BDISON  PORTLAND  CEMENT  COMPANY 
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POCKETBOOKS 

FOR 

ENGINEERS 

Are  fully  described  in  our 

Large  Catalogue 

Maiki  FREE  ok  t^lieaiion. 

SPON  &  CHAMBERLAIN 

123  L  D.  Libci^  Street.  New  Yeik 


Nature 

Unadorned 

U  beautiful -SOMETIMES.  On  the  other 
hand,  cultivatwl  land  may  be  made  beau- 
tiful ALL  TIMES.  An  exp.i  itnced 
forester  can  traneforui  a  barren  plain  into 
a  garden  of  paradiie.  Water  companies 
and  water  departments  shoold  realize  the 
importance  of  proper  mannKenient  of  their 
lands  to  insure  a  clear  and  eteady  waur 
supply,  to  say  nothing;  of  beautifyini;  the 
landHcape.  Citv  nnieiale  would  do  well  to 
consider  tlie  phiuiing  »>f  frees  ou  tlieir 
Streets,  both  from  u  healtii  and  beaaty 
standpoint.  Advice  (tn  thf  carr  of  trop?, 
plants,  forests,  etc.  Tree  maps  prepared 
and  parka  laid  out.  My  booklet  ii  inter- 
eating  and  will  be  sent  free  on  applieation. 

F.  R.  Meier.  l^fT^k 

Consulting  Forester 


MONEY 

YOU  CAN  SAVE 

10% 

Of  your  expenditures  for  Books  and 
Periodicab  ihnwali  meinbenliip  in 

The  Engmeering  Digeft 
BOOK  CLUB 


WRITE  FOR  DETAILS 

and  &end  25  Cents 
im  book  of  Credit  Coupons  o( 

$1.00  VALUE 


WE  GUARANTEE 

Tbtf  every 


THE  ENGINEERING  DIGEST 
BOOK  CLUB 


Tbe  MTvice  wiD  be  prompt  dioroogh  sad 

rrlfible,  and  we  agree  tKai.  in  any  c«»c  wlicre 
error*  ttt  outrepretentalioiu  u/  any  kind  are 
broogbt  lb  ear  alttatioBb  wdifeciafy  eonaelioa 
wiU  be  aedt  at  «ace  or  money  «»iD  be  ninaded 


Bcodet  the  mrinq  in  money.  th«  club  will 
■Im  render  valuable  assistance  to  members  iei  the 
•election  o(  books  jinJ  in  ilir  p'jr(.,-|,i-(r  ,.,(  instru- 
menti,  cnatcrui?,  etc.  Let  u>  know  when  yon  are 
in  lh«  market  for  any  kind  of  macKmery  or  lup- 
pKca,  eod  we  will  have  catalogue*  aod  price*  teat 
yo«  from  tbe  teffl  (rmi. 
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CAST  IRON  PIPE 


For  Water  and  Gas  Works 


FLANGE  PIPE   AND  SPECIAL  CASTINGS 

Catalogue  on  request 

McWANE  PIPE  WORKS 


MAIN  OFFICE 

LYNCHBURG.  VA. 


EASTERN  OFFICE 

220  BROADWAY,  NEW  YORK 
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Baahorm — The  Sanitation  of  Recreation  Camps  and  Parks 

i2mo,  xit  +  too  pagres,  19  full  page  halftone  illustrations.  Cloth.  $1.00 

IKai«r6ai^— A  Vest-pocket  Handbook  of  A&theiiiatica  for  Engiiieers 

2ji  X       inciies.    vi  +  91  pages,  61  figures.    Morocco.  $1.00  not 

Snow — The  Principal  Species  of  Wood.  Their  Characteristic  Prop- 
erties. Second  edition,  revised,  with  additions.  Large  8vo,  xi  + 
303  P^sf^f  figures  in  the  text»  37  full  page  halftones.   Doth.  $3M 

llWjqvIe— Typhoid  Fever :    Its  Causation,  Transmission  and  Pire- 
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XXX vi  +  408  pages,  50  hgurcs.    Cloth.  $3.00  net 
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vised.   Sixteenth  edition,  revised  and  enlarged.    i2mo.  viiiHf'4a4 

pages,  M.^  fitynre'^  nnd  '.    nln*<";     Tlofli  $2.50 
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8vo,  vi  +  317  pages,  is^i  iij^ures.   Cloth.  $3.00  net 

KiJder-The  Anhiteef  •  and  Builder'a  Pocketbook 

By  the  late  Frank  K.  KiiMer.  Fifiecntli  editiijii.  revised.  Total 
issue,  thirty-five  thousand.  i6mo,  xix  +  1703  pages,  1000  figures. 
Morocco.  $5.00 

Grimni— Socoudnry  Siresaea  in  Bridge  Truaaea 

8vo,  viii  +  140  pages,  60  illustrations  and  13  numerical  examples, 
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Butler— Al  Pocket  Handbook  of  Minerals 

Designed  for  Use  in  the  Field  or  Gass-room  with  Little  Reference 

t   ^  hemical  Tests.   i6tno.  ix  +  298  pages.  89  figures.  Leather.  $3*00 
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8vo,  XXXV  +  58s  pages,  176  figures.   Cloth.  $5.00 
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8vo.  viii  +  317  paq-p<:,  11  phfe«:  anri  130  figures.    Cloth.  $3*00 
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Slone  and  Brkk  Masons'  Edition,    l6mo,  v  +  25 1  pages,  232  figures. 
Morocco.  $1.50  net 
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Richey—A  Handbook  for  Superintendents  of  Construction,  Architects, 
Bmlders,  and  Building  Inspectors.  i6mo,  v  4-  742  pages,  357 
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CONCRETE  SYSTEM 

FRANK  B.  GILBRETH 


Pdce,  $5^  nel 


General  OutHncM  of  "Concrmte  Sy»tem'* 

Thi»  flonereto  ajTstem  oonttlai  tte  wrttUa  IdMS  of  th*  moat  n» 
•  MMtBl  ami  la  tli*  organtutlon  of  em  of  flM  moat  aneoMttvI  of  AsMrk 
«ni  MntncCmii  puUSOam  of  ttte  luitaro  of  a  set  of  flpoeUkattemi,  telllof 
HOW  to  do  the  wort,  Monoialcally,  expeditiously,  ■7«t«iiiatleallT  and 
Mfely.  The  rules  and  InBtructJons  are  those  wlilch  hsTe  teen  tiied  "with 
satlifaetioD  in  Mr.  Gllbreth's  own  worlt.  Ttiej  were  written  spedaily 
for  the  an  of  hU  own  employees,  aa  In  the  ciise  of  bis  "Field  System," 
and  to  a  great  extent  conalut  of  a  valuable  portion  of  the  "itock  In 
trade"  of  his  organisation.  The  fact  that  Information  regarding  hU 
metlioda  found  its  way  to  competltora  decided  Mr.  Qilbreth  to  publlah 
■  Ua  books  for  the  beneflt  of  the  pabUc  who  might  be  intereated. 

**C«MM>i^  Sjratm"  la  priinarlly  a  book  of  inatrvcttou  to  tt»  mOF 
plagrttt  of  tttt  aiitli«r,  tlTtiic  Uw  baat  pnwtloa  t&  an  d«pdfftoMBto>.*ad 
.eoBtalnms  the  entire  aet  of  ralea  noder  whleh  thttf  vork  In  all  parts 
of  the  country.  The  strict  maintenance  of  these  mlea,  through  which 
Bnpfirlntondents,  foremen,  and  tlmeteepera  are  trained  In  the  "duplicate 
part"  eystem,  has  contrlbut<?d  largely  to  the  iuccesa  of  the  nothor,  by 
Snabling  htm  to  make  a  eptclalty  of  "epeed  work." 

The  book  1b  profusely  llluBtrated  v.lth  Bom©  200  half-tone  illus- 
trations, fhe  majority  of  them  being  full-page  plates;  many  detailed 
sod  working  drawings,  organization  charts,  eta.  all  taken  from  actosl 
work  done  by  the  sotbor. 

Tbs  doto  blBdiac  will  bs  stnmf  a&d  sttbstantlal;  tbs  i^tos  is  as 
tow  ts  poMlbto  eeasiBtaat  wMh  racb  m  Mgh  dass  poUlosttaa. 

Orders  should  be  sent  as  NOW  sad  wfll  bt  flM  to  tta  Otdsr  fi^ 
-    eelved  ^^  aoon  u  the  book  to  oft  tos  press. 


Send  (or  Dtscripiive  Cinuiar  "  CS'* 


The  Engmeering  News  Book  Dep^ 

220  Broadway,  New  York 


IHB  BNQNSERING  DIGEST 


I 
I 
I 


Highest 
Always 


Unifonn 


R 

A 
G 
O 


Send  for  our  NEW 

128  pag^e  treatise. 
Ulostrated— Free 


Used  18  Years 


Small  Consumers  of  Cement  Cannot  Afford 
Time  to  Test  Cement  Used 

We  Can-We  Do 

Every  BIN  of  Dragon  Tlwroughly  Tested 
Before  Shipments  are  Made 


HE  small  user   of  cement    can  seldom 
test  the  cement  ordered,  yet  his  work 
is  quite  as  important  to  him  as  lai^er 
work  Is  to  tlie  1arfi!<er  tiser  of  cement. 

4  A  cement  whose  i)rand  is  a  sure  guarantee  of 
tome  ttsndard  strength  and  quality  is  a  safe  cemott 
lor  a  small  vser  to  purchase. 

Q  AU  tests  in  the  laboratory  of  the  Lawrence  Cement 
Co.  are  covemed  by  tiie  spedfications  of  the  Am. 

Soc.  of  Civil  Engineers,  and  no  "  Dragon Port- 
land Cement  is  shipped  that  does  not  excel  the 
requirements  of  that  society. 
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